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ABSTRACT- This paper presents a concept for a primary government industry character (intrinsic partner) on transportation layout 

management as engineering rules guided. The intrinsic is conceived as an aristocratic function in government industry, required to 

balance an exploratory partner. The intrinsic and explorer form a mutual government industry though exclusive in co-existence. These 

offer their unique governmental services on defined basis typical of their exclusive provisions and projects. In layouts as suggested, 

suburbanization is introduced as pivoting to rural and urban concepts of land use. Its aim being to introduce an engineering platform 

for connecting rural and urban land use challenges. Arguably, the suburban in concept is actually the locus of effective management of 

commuter transport flow. If viewed as such, a first tier government industry portfolio could act effectively as an engineership for a 

meaningful state-works promoting. By such it discourages pressure on arbitrary migration and leaves a lot of room for issues on 

functional coordinating of specific industries. This it does allowing specific facilitator of goals for this partner in government 

industryôs transport-kind management portfolio (suburbanization roles) at the localsô basis, while incorporating first principles of life 

and motivations as engineership for living and active designing. 

KEYWORDS:  Commuter, Locus, Portfolio, Locals and Engineership 

1.0 INTRODUCTION  

The state of opinions that are decisive in the course of events is a gain through understanding troubled period of history. Perhaps by 

studying the achievements of leaders, we may be able to entrust the destiny of our nations to the hands of the right type of leaders in 

the future and not on failures of leaders. For a study of such sort to be meaningful it has to be situated within the context of events that 

happened at the time. Such context of events (Osuntokun, 1987) cover the life of the area (such as cloth weaving and dyeing), 

longevity (even at the age of seventy, Ibrahim was kept busy at the Shehuôs palace as an adviser; his father never went anywhere 

without him particularly in the evening), leaving home (Kashim at six years old left the cosy comfort of his fatherôs home for a better 

school), concept of school as new (Kashim had a happy life in school and always wanted to learn new things), new observation (pupils 

came from all over the North to attend this school and the subjects taught are listed), recreation observation (... the journey to Katsina, 

though long and time-consuming, was an enjoyable experience for the boys), tracing the roots and epitome of legacy (his success and 

attainment paved the way for a warm embrace of western education). 

Osuntokunôs book perceptions on Kashim Ibrahim and comments on his concepts, is a platform for a political titled intrinsic: 

Kashimôs concept of political leadership is simple and straightforward ... and [he] believes that forms of government are for fools to 

debate óthe government that governs effectively in the long term interest of the people [such as] to appreciate the array of external 

forces that many African countries are faced withô. His concept is a subject for ópolitical design trendô. The nature of political design 

trend is characteristic of the issue to combat by the intrinsic government partner. This is as the case highlighted by Garba, who 

nevertheless dedicated his book to ... Hako, that vowed he would never attend the whitemanôs school while Hako himself lived 

(Garba, 1989). As so, Kashim Ibrahimôs life epitomises hybridisation of Western, Islamic culture and education. His success and 

attainment paved the way for a warm embrace of Western education by the aristocracy and the ulema of Borno of whom he was a 

representative (Osuntokun, 1987). Though there is fancy of ónewô in doctrinal challenge to combat, its benefit is aristocratic to define.  

The challenges and conflict of heritage is the intrinsic partnerôs battle; which has a double weight unlike of the single weight of the 

explorer, who is much as a visitor-sightseeing. Explorers as new arrivals balance the intrinsic government character. The assumable 

state of the explorer is as the account of John Edwardôs political pursuit detailed by Andrew Young. He wrote a sermon by his father 

(Young, 2010) saying: óthe person who can give us hope is the one who knows the human condition and can encourage us to face the 
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realities of lifeô. Life inevitably brings change, loss and trauma to every-one. Growing up requires us to accept that people are deeply 

flawed sometimes and one just recovers his equilibrium in persevering time.  

2.0 BACKGROUND  

Sir Kashim as a typical intrinsic role player continues work duties at retirement who began life as a Borno patriot and Northern 

Nigerian defender to Nigerian nationalist ï this is the way it should be and this is the way it had better be... (Osuntokun, 1987). Garba 

J M also is such a case as described. He recounted his growing up clichés (Garba, 1989), óthose were my grandfatherôs words of 

caution one evening being chased by some Kanuri boys of our villageô exclaiming afuno.  

The history of urbanism is largely the narration of the eras of town founders from the origins of the city down to contemporary new 

towns (Carter, 1995). The growth of urban expressways and ócircumferential limited-access highwaysô lead to the composing 

elements as ófloat in spaceô rather than a structured relationship with the historic city. When planning a new or improved road or road 

system, it is necessary to know the distribution and performance of the traffic on existing roads. This is useful in predicting future 

traffic behaviour, determining justification for alterations and priorities for road improvement. In almost all planning studies, 

measurement of traffic flows and speeds are needed. In addition, measurement of stop times and their frequency are necessary. Traffic 

characteristics vary in cycles of hourly, daily, monthly/yearly patterns. Other characteristics are weather, directional distribution and 

traffic composition. 

Garba description typifies suburban habitation platform as idealization, growth and living that is such is a worthy preference to be 

engineered. As he wrote óour adventure left no part of our environment unexploredô. To us the children and to the adults as well, the 

village square served the combined functions of a club, school, dance-hall and a place of general congregation. On the sideline, the 

presence of so many horses in town was our opportunity. We knew where the best green grass was to be found and our reward was 

ample. At date Yerwa market had changed completely ï a far cry from the days of the twenties. It is so completely different that it is 

like visiting a new place in a different country.  

Further, he wrote, his grandfather did not hide disappointment and fears at seeing any apparent disintegration of the family. Why did 

he want to go to his father at Kano rather than remaining with his grandfather at Maisandari? óIt was simply because I wanted to 

escape from his severitiesô. Thus he with his company set out for Kano, the longest journey he undertook then. As soon as he got 

settled down in Kano, One Fatu wasted no time in utilising his idle hours and turning them to profitable ends. Working hard with good 

market, he sold more in a day. Life went on like this until a very close friend of his father, who was to completely change the direction 

of his whole life, appeared on the scene.  

Garbaôs coming to age included lessons on cooking, superior mind state development from ability to associate with verities of persons 

(male, female, etc.), result-oriented intensive school and language(s) instructions, personal undivided attention to studies, interactions 

with senior heritage (layout-habiting) intrinsic workers and staff. As time went on he was considered experienced enough to give 

lectures on his own. The idea of deploying market-based original entrepreneurship efforts was to write about the plight of international 

issues from first-hand experience. Such becomes useful to developing first land owners to proffer solutions to the plight of 

international relations and the general being of greater importance. Such is the characteristic backing postings to improve education 

such as on agriculture, plantation businesses, and extra syllabic work-domain information. Such information includes general 

conservation needs, tours and personal plans making or development abilities. Such are necessary to establish a reputation of sound 

and effective agricultural-concept education. In addition to as describe, technological-kind educations require early report or letter 

writing experiences and leadership training abilities covering supervision, superintendent-ship, deputy-ship, industrial and 

manufacturing development, development of interviews, secretarial-ships and external affairs headship, correspondence-ship, concepts 

of regional and suburban designs, considerable experience places, quadrangle designs, occupational development, periodic alternative 

duties and placements, franchise and amorphous cases, artefacts designing (material and cultural), news and saddles, self grooming, 

religion and languages centres, and decisive role development. All these come as place focus for heritage approach to layout 

patterning.  

The concepts of central, regional, neighbourhood and local market business value districts are ócommuterô laid-out. That is the concept 

of principal locus districts (central locus theory) with the idea of attached developments to central place theory ignored. Solving the 

interactions under a suburban concept will require a synergistic commuter zone development covering systematic business and 
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residential layout, all as business value of their kind. Associated with typical urban scenario traffic management are two basic 

concepts: 

1. Provision of mass transit so that, as much as possible, private cars are removed, 

2. Forbidding use of cars in the congested central areas. 

There are two closely associated paradoxes which are immediately generated by an approach to transport in towns. The first is that the 

movement of people and goods is a consequence of the extension of land-uses but at the same time, it is the ease of movement which 

reinforces extension. Aside layout extension, transport as a (major) consumer of static space is a numeral issue with the argument that 

the óextent to which movement in the city should be a matter of private choice or public provision, hence the degree to which it is 

ñclass-basedòô. The transport decision-planning scope covers consideration of trip generation, modal split, trip destination and route. 

In addition to the transport, it is necessary to consider the components of city development, solving the interactions of both market 

forces and planning. A strategy for reducing economic competition for land based on developing commuter zone areas (suburban 

areas) and converting existing cities to satellite cities will require the concept of radial expansion conceived as commuter movement, 

not as habitation limiting.  

There are three principal types of major road patterns in the urban areas concept (O'Flaherty, 1974): gridiron, linear and radial. 

Gridiron is a pattern of rectangular layout system based on the ease of survey set out using straight lines and rectangular coordinates. 

Such produces monotonously long streets flanked by dull blocks of building. It may need tall buildings to break the effect of this 

monotony on the occupants. Nevertheless, it has considerable traffic-moving advantages, encouraging even spread of traffic over the 

grid and the consequence of the impact of a particular congested point is minimized. It facilitates the imposition of one-way street 

system. Introducing diagonal connect to this rectangular system to reduce the length of travel help to reduce the overall time increased 

by this system. However, this may affect the architectural development. Linear is a traffic flow pattern canalized into one major 

roadway. This type historically was developed as a result of topographic difficulties. Radial is a road system spreading out from a 

centre, idealized as connecting near towns. The radial system captures the required engineering for a central place theory in the form 

of ring road radius covering the CBD scope. In the simplest form there are five basic engineering options in a ring road plan thus 

(figure 2.1): 

Source: 

(O'Flaherty, 1974) 

FIGURE 2.1: BASIC RING ROAD CONCEPTS 

3.0 METHODOLOGY  

Table 3.1shows the mapping basis. It guides the layout designs to cover the planning stretch of A ï E as shown.   

TABLE 3.1 MAPPING BASIS OF COMMUTER LOCUS SUBURBANIZATION 

 

Tag 

 

(A) Objective 

Character 

 

(B) Tech 

Character 

 

(C) Route 

Implicati on 

 

(D) Engineering 

Choice 

 

(E) Balance 

1 Ease of Movement Line Direct Shortest Journey Extraction Neighbourhood District 

2 Private Cars Rerouting Curve Connect Average Route Choice Regional District 

Direct Radial Arc Radial Grid Radials Ring 

The shortest 

route option 
Shortest arc option 

Intermediate 

equality option 1 

Intermediate 

equality option 2 

Longest arc 

option 
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3 Land Use Extension Network Grid Longest Modal Choice Central District 

4 
Forbidding Cars in 

Congested Central Area 
Time Jam Divergence Destination Local Market District 

 

The mapping basis is used as a projectsô local suburban design, starting with tagging the preferred character features on the decisions 

slate (Appendix Table A.1).  

Following the layout slate decisions, the strategic management operations are shared between the intrinsic and exploratory partners as 

co-role players in the activity of the government industry. The intrinsic player takes the lead on competence while the exploratory 

partner lags at daft issues (Table 3.2). 

TABLE 3.2 THE MUTUAL INDUSTRY OPERATIONAL MODULE 

Basis 

Objective on Intrinsic 

Player 

Objective on Exploratory 

Player 
Inequality 

(Slack/Surplus) 

Industry Size 

Limits 

Establishments 

Slots 
2 units of Time Size 1 unit of Time Size  

Establishment 

Slots Value 

 :ÅÒÏÅÄ )ÎÃÏÍÐÅÔÅÎÃÅὤὩὶέὩὨ ὈὥὪὸ ὅέάὴὩὸὩὲὧὩ  Objective 

Function 

    

4.0 DISCUSSION AND CONCLUSION 

Engineering is as much a science concept as science itself. However, engineering is not science (it has its own characteristic science). 

It leads to what is simply called óproblem solvingô. Engineering in its simplest definition is designing, the designs are expected to be 

problem solutions (if not, science as standards or mathematics may just be sufficient for works). Much of the classroom study on 

engineering courses is the study of the sciences. However, in everyday science-applications, engineering as a concept or practice 

replaces science as an idea of natural laws of phenomenal characteristic responses. Engineering is the use of science. The nature of 

engineering decision steps are: 

1. Area survey and case analysis 

2. Basic solution option or process identification 

3. Case competitions, specific to basic solution option or process 

4. Definition of intrinsic basic solution and integrated competitions matrices on processes scope alternatives 

5. Matrices mathematics, composite solutions and outcomes review 

6. Solution parametersô Trajectory and Technical plans patterns 

7. Standard-results communication extracting 
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APPENDIX 

The following table A.1 is the decisions slate: 

TABLE A.1 SUBURBANIZATION LAYOUT DECISIONS SLATE 

S/N Layout Projects Description 

Decisions Slate 

Land Use: A, B, C Travel: D Route: E 

1 2 3 4 1 2 3 4 1 2 3 4 

1 Heritage Staff   Futuresô view and professional 

analysis projects 
Ѝ       Ѝ Ѝ   

 

2 Conflict Mitigation   Early education and vernacular 

studies projects 
Ѝ Ѝ    Ѝ    Ѝ  

 

3 Growthôs Build  Lectures, presentation and 

scouts projects 

            

4 Farms   First hand locus-agro districts. 

Agricultural projects 

            

5 Improvement & 

Reserves  

Education and Improved focus 

relief projects 

            

6 Conservation & 

Reserves  

Status quo and eco-balance 

projects 

            

7 Structures & Distinction  Instructive remarks and quality 

projects 

            

8 Naivety Bases Guests and welcome back 

reputation and thesis projects 

            

9 Visits   Places upgrade and intermediate 

projects 

            

10 Pure Business   Supervisory projects of basic 

business plans and 

recommendations 

            

11 Superintendent-ship  Oversight and new business 

development projects 

            

12 Inspector-ship   New boss and market projects             

13 Industrial Development   Factory network and priority 

projects. Industry weather  

mitigation technique projects 

            

14 Interviews   Assessment duties and 

consulting set ups projects 

            

15 Headship/Positional  Liaison and local 

correspondence offices projects 

            

16 Correspondence Offices  Ambassadorial and international 

correspondence projects  

            

17 Reserves Design 

Districts  

Vacation and casual leave 

projects 

            

18 Considerable Experience  Expatriate and emergency 

quarters projects 

            

19 City Designs  Quadrants design and mini-

neighbourhood suburbs projects 

            

20 Occupational 

Development  

Development plans framing and 

adapting projects 

            

21 Alternative/Similar Job 

Re-placements 

New jobs and job expansion 

projects 

            

22 Franchise & Purposes  Affiliated institutions 

development projects 

            

23 Art, Languages & 

Anxiety  

Economic gains stabilizations, 

art and symbolic structures 

projects 

            

24 News & Saddle   Local reports and development 

projects. Return to heritage 
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S/N Layout Projects Description 

Decisions Slate 

Land Use: A, B, C Travel: D Route: E 

1 2 3 4 1 2 3 4 1 2 3 4 

projects 

25 Self Grooming   Intensive study and project-

teaming projects 

            

26 Belief   Extractions of religio-works 

tenets, technology and 

development studies projects 

            

27 Decisive Role 

Development   

Advanced quadrant designs on 

mini society and civil 

engineering cases or challenges 
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Abstractð Old aged or disabled persons who canôt walk are most sensitive persons and they must be served in a systematic, quick, 

sophisticated and efficient manner by very little effort. The problem is that there is no anybody who is always with them for 24 hours. 

Speech recognition can be used to serve the old aged or disable persons and to give a full control to them so that they may control all 

the appliances of home. Traditional home automation systems are not cost effective and they are not suitable for aging populations or 

disable persons. This paper presents an effective method to overcome these problems. We have designed and implemented a low-cost, 

reliable, efficient and secure speech operated system for home appliances especially for persons with disabilities to do their work at 

home. This system is both software and hardware designed using MATLAB R2009a. This system is divided into three main parts 

namely voice train process, voice recognition process and integration of hardware with MATLAB. This system used speaker 

dependent method. This proposed design is novel in the way that it is controlling loads by speech recognition using MATLAB to turn 

on/off loads via parallel port of a computer. 

Keywordsð Speaker Identification, Speech operated system, Home Automation system, Home Appliances, Aging populations, 

Speech Recognition, MATLAB Coding. 

I. INTRODUCTION 

 

Speech Recognition Systems have become so advanced and mainstream that business and health care professionals are turning to 

speech recognition solutions for everything from providing telephone support to writing medical reports [1, 2]. 

In many homes there are many people who are old aged or disabled and they canôt walk.  And there is no anybody who is always with 

them for 24 hours. There are people who look after them in periodic intervals. The problem is that when a people visits them then it is 

might not necessary that they needs them but the old aged or disabled person may need a person when he/she is not present with them. 

Hence home automation systems play a crucial role for elderly or disable persons, so that they can feel comfortable, independent and 

secure. 

Voice activated technology is a rapidly developing area of the computer world. Today, many devices incorporate voice activation 

technology so certain functions of the device can be performed based on voice commands. For example, many home appliances are 

equipped with voice-activated technology as to allow a consumer to orally command, for example, a lighting system to power on by 

using voice commands. Such a feature is particularly advantageous when a person cannot manually activate a device because their 

hands are occupied or the device switch is in an inconvenient place. For example, one may be carrying groceries into a house and is 

unable to manually activate the light switch, consequently, if the lighting system in the house has voice activated technology therein, 

the person may simply say, for example, ñlights onò to activate the lights [3]. 

Speech recognition is the process by which a computer (or other type of machine) identifies spoken words. Basically, it means talking 

to your computer, and having it correctly recognize what you are saying. This is the key to any speech related application. There are a 

number ways to do this but the basic principle is to somehow extract certain key features from the uttered speech and then treat those 

features as the key to recognizing the word when it is uttered again[4]. 
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In this research paper, a low cost, reliable, efficient and secure Speaker identification based home automation system is presented 

which utilizes the use of biometric method such as human voice as a directive to activate any electrical appliances. This objective 

makes the humanôs voice as an input to the system and this system is speaker dependent that mean only the real or trained user and 

right command can activate the appliances. This produces and improves the security level of the system. 

 

This research paper is based on 5 sections. Section II is based on literature review and reviews the common techniques and methods 

used for Home Automation systems. Section III is based on the methods and techniques which we have used for Speaker Identification 

based Home Automation system and describe our contribution as well. Section IV is based on results and discussions, and reflects the 

results obtained from research work. Section V is based on conclusions and future recommendations and concludes the research paper 

with the important suggestions and findings from the carried out research work. 

 

II.  LITERATURE  REVIEW  

 

Several techniques and methods are available for Home automation system. The common methods are given as: 

 

1. Home Automation System using GSM Technology 

Home Automation Systems are mostly developed by using microcontroller as a central controlling unit. The Central Control Unit is 

the hub and brain of a home automation system [5]. We consider three options for communication with GSM, namely SMS based, 

GPRS based and DTMF based Home Automation systems. Home appliance control system provides security on detection of intrusion 

via SMS using GSM technology [6]. In this system, user sends SMS from mobile phone to the GSM module connected with 

Microcontroller and on the basis of SMS various appliances in the home are turned on/off. This system provides mobility to user so 

that user can turn on/off appliances from anywhere in the world. However it is not possible to implement this system where the user is 

old aged or disabled with illness due to the main two reasons.  The first main reason is that to use this system a user must know the use 

of mobile for sending SMS generally old aged person donôt know much about creating and sending SMS and second is providing 

mobile phone to each old aged or disabled person is not cost effective. GPRS based technology uses a webcam   to stream video and 

pictures of the home to its ownerôs mobile through GPRS. In GPRS based Home Automation system user has to monitor his/her phone 

constantly to successfully defend against intrusion detection. In DTMF based Home Automation system user calls a SIM number 

assigned to the home and presses the digits on their phoneôs keypad to control the homeôs devices by generating a DTMF tone. The 

tone is received and decoded by the GSM module at home using a DTMF decoder. The decoded instructions are passed to the 

microcontroller so that user commands can be implemented at home [7]. DTMF-based home security systems also have their security 

flaws. They are vulnerable to ñfuzzing attacks,ò as described by R.Sasi [8]. This may cause whole home network to crash. 

2. Home Automation System via Gesture Recognition System 

 

Traditional input systems for interaction with machines include keyboards, joystick or the mouse. Those suffering from physical   

handicaps such as Carpel Tunnel Syndrome, Rheumatoid Arthritis or Quadriplegia may be unable to use such forms of input [9]. In 

that case Gesture recognition is used for Home Automation. Gesture recognition is not based on voice commands but, rather, allows a 

device to recognize certain gestures [3]. This approach does not require any technical knowledge (like in SMS based automation 

system). Old aged or disabled will use his/her hand to control appliances. By using a simple webcam the images will be taken and will 

be processed at Laptop in MATLAB software and once a particular gesture is recognized then the corresponding action will be 

performed [9]. Although it is a sophisticated solution but when Old aged or disabled person is not able to move hand and when they 

can only shake hand then hand detection may not accurately detected and the chance of false alarm is more in this approach and 

mostly the hand gesture recognition is done by detecting the human skin color and so because of this the background of the hand must 

be a non-skin color background with fixed distance between hand and the camera. Moreover for the smooth working of system there 

must be a proper arrangement of lighting always. Gesture recognition system can be used in various applications like Virtual reality, 

games and sign language. Sign language is an important case of communicative gestures [10, 11]. Sign language for the deaf (e.g. 

American Sign Language) is an example that has received significant attention in the gesture literature [12, 13, 14 and 15]. 

 

3. Home Automation System using Bluetooth, WIFI, WSN and Zigbee Technologies  

 

Many Wireless Technologies like RF, Wi-Fi, Bluetooth and Zigbee have been developed and remote monitoring systems using these 

technologies are popular due to flexibility, low operating charges, etc [16]. Bluetooth looks like an attractive communication 
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technology for creating smart homes. It is cheap, easy, and quick to set up. People are already familiar with the technology; however 

Bluetooth communication should only be used on occasions where there is a need for quick short-lived network communication 

with little concern for security. Limitations include, they have maximum communication range of 100m in ideal conditions, and it 

has high power consumption [7]. It has serious security concerns such as eavesdropping and weak encryption as discussed by 

M.Ryan [17]. Other wireless technologies like WIFI, WSN and Zigbee have very high developing and deployment cost due to 

needs of motes, sensors, and radio transceivers etc, spread over a large area. Further it is difficult to upgrade existing conventional 

control system with remote control capabilities [16]. Moreover they are commonly used by mobile users, who want to monitor and 

control their home appliances remotely; hence these technologies are not suitable for aging populations.  

 

III.  DESIGN AND IMPLEMENTATION OF SPEAKER IDENTIFICATION BASED HOME AUTOMATION SYSTEM 

THROUGH SPEECH RECOGNITION 

The block diagram of Speaker Identification based Home Automation system using speech recognition is shown in figure 1.   

 

Figure 1 Block Diagram of Speech Operated System for Home Appliances 

Speaker Identification based Home Automation system using speech recognition is a low-cost, reliable, efficient and secure method 

for Home Automation System. 

As previously told paper is divided into three main parts which are Voice Training Process, Voice Testing Process and Integration of 

Hardware with the MATLAB. The system used is speaker dependant method that means user has to record his/her voice before using 

the system. Various steps involved in Speaker Identification based Home Automation system using speech recognition is shown in 

figure 1. 

A. Voice Training Process 

 

In voice training process the first step is acquisition of speech. Built in Microphone in laptop is utilized for Speech Acquisition, and 

then speech acquisition device is installed by simply Connecting the Microphone with laptop via sound card input port. In second step 

a function is created, which will record speech in MATLAB. In third step recorded speech is played on laptop based audio output 

device. Fourth step is to write acquired speech in MATLAB and .Wav file is created. In fifth step .wav file is loaded in MATLAB, in 

order to read the saved speech and in sixth step saved speech is acquired. In seventh step it is filtered out through the Butterworth band 

pass filter. Butterworth filter is used because it is the best compromise between attenuation and phase response. It has got no ripple in 

the pass band or the stop band. After that it is saved in the computer memory so that it can be matched with incoming utterance of 

speech. In this research work user has uttered two training voices to control the load. These uttered words are ñCLOSEò and ñYESò. 

Now all above steps are applied to these uttered words. Silence detection or Voice Activity Detection (VAD) is used in speech 

processing, which is used to detect presence or absence of human speech. VAD is used here to deactivate some processes when there 
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is a silence or non-speech section in audio session. Short time Fourier transforms is performed successfully so that for each incoming 

speech, the part of containing high frequency component is extracted. Actually here in MATLAB coding 2500 samples per word are 

created for feature extraction. 

 

B. Voice Testing Process 

In voice testing process the user has uttered two different words each process. One word is same as which was trained in training 

phase was ñCLOSEò and other one is ñOPENò. Then both uttered signals are further processed and analyzed by applying same steps 

which are already used in Voice Training Process. Like voice training process, 2500 samples per word are also created here for feature 

extraction. These testing signals are used to match with trained signals to authenticate the desired speech. There are various feature 

matching techniques used in MATLAB, from which Vector Quantization method is used in this research paper. Vector Quantization is 

a process of mapping vectors from a big vector space to a finite number of regions in that space. In the testing phase, a speaker-

specific Vector Quantization codebook is generated for each known speaker by clustering his/her testing acoustic vectors. 

C. Integration of Hardware with the MATLAB 

 

Once all speech processing operations are completed now the final step is to perform a particular action related to the corresponding 

particular detected signal. There are two different loads that can be controlled via two different kinds of speeches. These loads are 

bulb and LED (light emitting diode). Loads can be different like fan, tube light, electronic room lock etc. Initially it was decided to use 

microcontroller for controlling loads based on speech recognition. As landline telephone can be used for controlling various home 

equipments. It was almost near to be implemented for the Speech Operated System but later on found that it was expensive and 

complex as compared to the approach which we have discussed in this research paper. In this approach parallel port (RS-232) of a 

computer is interfaced with the MATLAB and corresponding loads are turned on and off with the help of relays. This approach is 

simple and very less expensive as compared to other approaches. The block diagram of whole hardware design is shown in figure 2. 

 

                           
                                                

Figure 2 Block Diagram of whole Hardware Design 

 

Figure 2 is showing over all hardware circuit of the project. A DC voltage of 3.2 volts will come out from the parallel port (RS-232) of 

a computer and this voltage will be input to the UNL2003 IC where this IC will generate 5 volts DC at the corresponding output pin 

and this 5 volts DC will be input for the relay so that relay should turn on and the corresponding load should also turn on. 
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IV.   RESULTS AND DISCUSSIONS  

In this research work, we were able to successfully integrate hardware with the MATLAB software. In voice training and testing phase 

different words are uttered and correlation is performed between them to authenticate the trained user to control the different home 

appliances. In voice training phase user has uttered two different words óôCLOSEôô and óôYESôô in separate sections via using 

MATLAB. These uttered words are converted into .wav files and saved in computer memory. Short time Fourier transforms is applied 

and 2500 samples are created for each uttered word and features are extracted from them. The results obtained for Voice training 

phase are shown in Figure 3(a) (b) and Figure 4(a) (b) in form of graphs respectively. 

 

 

 

 
Time vs. Amplitude 

 

Figure 3(a) Train Signal Uttered as ñCLOSEò  

 

 
Samples vs. Amplitude (db) 

 

Figure 3(b) Extracted 2500 Samples from Uttered Word ñCLOSEò 
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Time vs. Amplitude 

 

Figure 4(a) Trained Signal uttered as ñYESò 

 
 

Samples vs. Amplitude (db) 

 

Figure 4(b) Extracted 2500 Samples from uttered word ñYESò 

 

 

Similarly for Voice testing process, user has uttered two different words each process. One word is same as which was trained in 

training phase was ñCLOSEò and other one is ñOPENò. Then both uttered signals are further processed and analyzed by repeating 

same steps which were used in Voice Training process. Finally correlation is performed between two phases by using Vector 

Quantization. The results of Voice Testing phase are shown in Figure 5(a) (b) and Figure 6(a) (b) in form of graphs respectively. 
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Time vs. Amplitude 

 

Figure 5(a) Test Signal Uttered as ñCLOSEò 

 

 

Samples vs. Amplitude (db) 

 

Figure 5(b) Extracted 2500 Samples from Uttered Word ñCLOSEò 

 

 
Time vs. Amplitude 

Figure 6(a) Test Signal Uttered as ñOPENò 
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Samples vs. Amplitude (db) 

Figure 6(b) Extracted 2500 Samples from the Test Signal Uttered as ñOPENôô 

 

Now when user has uttered same word ñCLOSEò in Testing Part then the load (LED) is turned ñONò as shown in Figure 7(a). 

 

Figure 7(a) Load (LED) is turned ON when User has Uttered word ñCLOSEò  

As  shown in figure 7(a), Load(LED) is turned ON when user has uttered the word óôCLOSEôô in testing part, because this word is 

already recorded or trained in MATLAB program, in training phase and saved in computer memory. Now when user is again uttering 

or speaking the same word in testing part, then speaker identification is matched by MATLAB program and authentication is 

successful and Load (LED) is turned on for that user. 

When user has uttered the word other than the trained word like ñOPENò then there is no any signal to load (LED) as shown in Figure 

7(b).  
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Figure 7(b) when user has uttered word other then the trained word 

As shown in figure 7(b), Load (LED) is not turned ON when user has uttered the word óôOPENôô in testing part, because this word is 

not trained in MATLAB program, in training phase. Now when user is uttering or speaking the word óôOPENôô in testing part, then 

speaker identification is not matched by MATLAB program and authentication is unsuccessful and Load (LED) is not turned on for 

that user. 

This experiment shows that only the trained user and right command can activate the home appliances. It increases the security level 

of the system. For the smooth working of system there must be a proper arrangement of room always, there must be no any other 

noise. This is because speech operated system is very sensitive to noise.  Noise can be of fan, other person speaking while in systemôs 

process. The utterance of speaker must be very different like pitch, frequency and loudness. This is because the pitch, frequency and 

loudness each represent different information about the speech.  

V. CONCLUSIONS AND FUTURE RECOMMEN DATIONS 

 

A successful experiment of Speaker Identification based Home Automation system is carried out in this research work. The designed 

Speech operated system is a low-cost, reliable, efficient and secure. The designed Speech Operated system can be used in various areas 

of application. In the area of Home security, the designed system can be used by using biometric system such as human voice to 

centrally monitor the doors, rooms, windows and other electrical home equipments. Moreover an intercom system can be integrated to 

the telephone or video door can be equipped with voice operated system, where old aged or disable person can remotely monitor the 

outdoor activity on the CCTV camera, this provides a remote surveillance of security. Speech operated system can be used in 

Ubiquitous transcripts to keep real-time transcripts during conversations. Speech operated system can also be used to answer 

computers in a hands-free environment, like when driving. Speech operated system can be used in tasks that require human-machine 

interface, for example automatic call processing in the telephone network and data query information systems. Smart Grid technology 

can also be integrated with Speaker Identification based home automation systems. 

 

In future, a significant research can be carried out in the area of Speech Operated system for Home Appliances. Speaker  Identification 

based Home Automation system with better efficiency can be developed which will also be operate able in noisy environment. 

Reliable and efficient Home Automation system can be designed in future which will be both speaker dependant as well as speaker 

independent with maximum efficiency, security and performance. 
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Abstractð Pollen grains are widely used as fingerprints of plants. Pollen grains play a vital role in the life of plants, animals 

and man. Pollen can tell us a lot about the world both past and present or even who may have committed a crime thus provide a 

biological and historical record of thousands years. Pollen can travel by transport of any form including insects, animals, birds, human 

and other transient materials such as planes, trains and boats; practically any moveable material. Many researcher, who uses 

Palynology as a primary research tool may have to spend up to 30 months of microscopic work for identifying and classifying the 

pollens. The aim of this purposed work is to develop an efficient classification algorithm based on computational intelligence 

approaches, with accuracy similar to that achieved by experienced palynologists.  

Keywordsð Signal & Image Processing, NeuralSolution(Neural Network), Transformed domain Technique, MATLAB ,Microsoft 

office excel , Statistic, SEM images. 

INTRODUCTION 

Pollen morphological characters are used for plant classification and identification of plants. The pollen grains are very 

typical and could provide very useful data for the delimitation of various genera and subsequently help to solve many stratigraphical 

and taxonomic problems (Sharma, 1968)[3]. Pollen can tell us a lot about the world both past and present. Polleng rains can tell us 

what plants were around thousands of years ago, how our ancestors used them, how plants have moved across the region, country and 

globe, what plants produced a certain variety of honey or even who may have committed a crime (Agashe, 2006). It is because pollen 

grains are so small, they can travel fast and be easily embedded in lake sediments, get preserved and thus provide a biological and 

historical record of thousands years. 

Any researcher, who uses Palynology as a primary research tool may have to spend up to 30 months of microscopic work for 

identifying and classifying the pollens. Thus, automation of Palynology could lead to many advances: rapid results, larger data sets, 

objectivity, fine resolution sampling and possibly finer determinations (discriminations). Thus, in this research, the above problem was 

studied and an efficient algorithm which was a finite sequence of steps was used for image processing, feature extraction and design of 

CI based classifier which was reported as a final outcome of the study that will solve the problem of pollen classification. It is a list of 

well-defined instructions for completing the task of pollen classification.  

The objective of the research is to develop an efficient classification based on computational intelligence approaches that 

provides the benefits of advances in engineering and technology to overcome the limitations of the present classification techniques 

giving precise classification accuracy of the sample pollen species of the pollen class.  

Literature Review: 

In the past, researchers in biology and Palynology were dependent on the traditional methods of pollen classification, which 

includes various skilled techniques that can only be performed by experts from the field of biology. Earlier interest in pollen 

classification was restricted to the image recognition and was hindered by slow computers with insufficient memory.  

From the related work reported so far in the published literature, it is observed that some of the researchers employed neural 

network for pollen identification and classification.  

Flenley (1968), was the first to identify the need to automate the process of classification of pollen grain. Langford et al. 

(1990) established a co-occurrence matrix of grey levels for each sample. Then texture measures were calculated and used as input to 

a classification programme. With a leave-one-out strategy and a variable selection procedure, the proportion of pollen grains correctly 
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identified increased to 94.30%. France et al. (2000) developed an automated system for identification, classification and counting of 

pollen grains.  

The choice of the classification method is vital for satisfactory results. Simple discriminating algorithms, e.g. one nearest 

neighbor, have been used for clustering due to their easy implementation and sometimes, the low computational expense. For instance, 

Rodriguez-Damian et al. (2003) chose a minimum distance classifier. In order to select the most critical feature, a Floating Search 

Method (FSM) was performed, reducing the vector size from 14 to 5 in the optimal case. Boucher et al. (2002) reported also the 

minimum distance concept to assign probabilities to shape feature vectors. The class decision was made by confirming hypothesis 

probabilities by palynological features.  

Rodriguez-Damian et al. (2004) presented a complete system for classification of pollen allergenic species of Urticaceace 

family. The images were taken by an optical microscope. A coarse border of pollen grain was estimated using Hough Transform. A set 

of shape measures was computed, which were used to discriminate between species. They considered 18 images per class, so that total 

number of images was 234. Similarly, Zhang et al. (2004) used IA texture and shape features to classify to 97% accuracy for 5 taxa of 

modern New Zealand pollen types. A workable set of features has been selected by Zhang (2004) and the study of image proposed by 

Hold away (2004) has paved usefully automates Palynology.  

Li et al. (2004) used image analysis (IA) texture features coupled with ANN to correctly classify 100% of 13 taxa of modern 

pollen and spore types found in New Zealand. Flenley et al. (2004) demonstrated the first successful automated identification, with 

100% accuracy. The technique involved a use of neural network classifier applied to surface texture data from LM images. Rodriguez- 

Damian et al. (2004) proposed brightness and shape descriptors for pollen classification. Zhang et al. (2004) employed a supervised 

multilayer perceptron to classify a 6-dimensional vector. Zhang et al. (2005) recommended a method of texture description using 

wavelet transforms in combination with concurrence matrices and neural network with a view to classify the extracted image features. 

Sixteen types of airborne pollen grains were used, and more than 91% images were correctly classified.  

Weller et al. (2006) used pollen image analysis features including morphological, Fourier and textural descriptors, as well as 

geometric moments and color. To determine image clusters, unsupervised self-organized maps (a genre of artificial neural networks) 

were used. Using a SOM, major and minor clusters were identified. Kalva et al. (2007) used combination of neural network classifier 

with Naive Bayes classifier that uses features such as color, shape and texture. These features are extracted from web images giving 

meaningful improvement in the correct image classification rate relative to the results provided by simple neural network based image 

classifier, which does not use contextual information.  

In a more sophisticated approach, Ronneberger et al. (2002) used a Support Vector Machine (SVM) technique together with 

one-versus-rest multi-class optimization to get the aforementioned classification results on high-dimensional vectors from 3D 

invariants. Hitherto, Neural Networks have become very popular due to its relative simple configuration, flexibility and favorable 

results. Hodgson et al. (2008) proposed the pollen recognition rate of the system, which is accomplished by including grey-level co-

occurrence matrix. Carrion et al. (2008) proposed an improved classification of pollen texture images using SVM and MLP. 

 Baladal et al. (2010) suggested a computer vision as its artificial "eye" and an ANN as its artificial "brain". An automated 

image analysis procedure was used to extract gray-scale spectral values of pollen image and pollen classifier was designed based on 3-

layer ANN and the gray-scale spectral values were used as input. Results showed that the automated procedure correctly classified 

pollen grains 78.7% of the time. Travieso et al. (2011) developed contour feature based classification, which was based on an HMM 

kernel. SVM was used as a classifier in that system. Ticay-Rivas et al. (2011) proposed the combination of features like shape and 

ornamentation that have been studied earlier and colour features over de-correlated stretched images for enhanced pollen classification 

by MLP NN based classifier. More standard characteristics like geometrical features and Fourier descriptors have been added to the 

pollen grain descriptions. Over this multiple feature vector, PCA has proven to increase the classification system performance.  

Recently, Holt et al. (2011) used Neural Networks to classify the available pollen types. Holt et al. (2012) employed a system 

known as "classifynder" using robotics and image processing to locate, photograph and classify image fossil pollen on a 

conventionally prepared pollen slide and coupled it with a neural network based classifier to identify the pollen in captured images. 

Results justify that the accuracy of the neural network based classifier was quite variable, caused partly by misclassification of 

deformed or broken grains. However, final "classifynder" counts of the fossil samples matched very closely with the human counts. 
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Nguyen et al. (2013) proposed improved pollen classification with less training efforts by introducing a new selection criterion to 

obtain the most valuable training samples.  

In view of the above reviewed work, the use of CI based neural classifier techniques is justified, in the light of the facts that 

the obtained classification accuracy is 100%, except for one pollen sample.  

 

Research Methodology 

Computational Intelligence techniques include the following will established techniques. 

i) Statistics 

ii) Signal & Image processing 

iii) Learning Machines such as neural network . 

iv) Transformed domain techniques such as FFT, WHT etc. 

 For choice of suitable classifier following configuration will be investigated. 

i) Multilayer perceptron Neural network. 

ii) Radial Basis function Neural network. 

 For each of the architecture, following parameters are verified until the best performance is obtained. 

i) Train-CV-Test data 

ii) Variable split ratios 

iii) Possibility different learning algorithms such as Standard Back-Propagation, Conjugate   

     gradient algorithm , Quick propagation algorithm, Delta Bar Delta algorithm,Momentum    

     etc. 

 

iv) Number of hidden layers 

v) Number of processing elements of neurons in each hidden layer. 

          

 After regions training of the classifier, it is cross validated & tested on the basis of the following performance matrix. 

i) Mean Square Error 

ii) Normalized Mean Square Error 

iii) Classification accuracy 

iv) Sensitivity 

v) Specificity 

 In order to carry out the proposed research work, Platforms/Softwareôs such as Matlab, Neuro solutions, Microsoft Excel will 

be used.  

Research Objectives 

Å To develop an efficient classification algorithm based on computational intelligence approaches, with accuracy similar to that 

achieved by experienced palynologists.  

 

Å To increase the classification accuracy for classification of Pollen grains of various plants 
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. 

Å To maintain the correctness & accuracy in the plant classification with Pollen characteristics even though the input images 

are contaminated by known or unknown noise.  
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CONCLUSION 

Use of the proposed  Algorithm for Plant classification with pollen characters using Neural network will be result in more accurate and 

reliable.  
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Abstract: -The alloy wheels of passenger cars are intended for better heat conduction and improved aesthetics appearance over steel 

wheels. The alloy wheels are lighter than steel wheels. In order to achieve better quality, the study of alloy wheel is necessary. The 

manufacturers carry out a number of wheel tests to ensure that the wheel meets the safety requirements and higher comfort level. 

Thus, simulations of alloy wheel were carried out for specific design through realistic loading conditions. Skoda Octiva passenger car 

alloy wheel was used for simulation. In this study, stress distribution of alloy wheel is evaluated by using finite element analysis. S-N 

curve was generated for aluminum alloy material. The radial fatigue test is carried on specimen according to industrial standards. The 

wheel was checked for fatigue life cycle and improvement in the material. An attempt has been made by conducting study to suggest a 

suitable safety for reliable fatigue life prediction. 

Keywords: 1 finite element analysis technique 2. Radial fatigue test 3. Life cycle 

 

1. INTRODUCTION  

Alloy wheels were first developed in the last sixties to meet the demand of racetrack enthusiasts who were constantly looking for an 

edge in performance and styling. It was an unorganized industry then. Since its adoption by OEMôs, the alloy wheel market has been 

steadily growing. Today, thanks to a more sophisticated and environmentally conscious consumer, the use of alloy wheels has become 

increasingly relevant. With this Increased demand came new developments in design, technology and manufacturing processes to 

produce a superior with a wide variety of designs. In the fatigue life evaluation of aluminium wheel design, the commonly accepted 

procedure for passenger car wheel manufacturing is to pass two durability tests, namely the radial fatigue   test and cornering fatigue 

test. Since alloy wheels are designed for variation in style and have more complex shapes than regular steel wheels, it is difficult to 

assess fatigue life by using analytical methods. For this simulations of alloy wheel for specific design and improvement is carried out 

through realistic loading conditions. 

 

i. Types of wheel (material)  

Steel and light alloy are the foremost materials used in a wheel rim however some composite materials together with glass-fibre are 

being used for special wheels.  

 

A. Wire spoke Wheel  

Wire spoke wheel is an essential where the exterior edge part of the wheel rim and the axle mounting part are linked by numerous 

wires called spokes. Todayôs automobiles with their high horse power have made this type of wheel manufacture obsolete. This type 

of wheel is still used on classic vehicles. 

 

B. Steel Disc Wheel  

This is a rim which practices the steel made rim and the wheel into one by joining (welding), and it is used mainly for passenger 

vehicles especially original equipment tires.  

 

C. Light Alloy wheel  

These wheels are based on the use of light metals, such as aluminum and magnesium has come to be popular in the market. This wheel 

rapidly become standard for original equipment vehicle in Europe in 1960ôs and for the replacement tire in United States in 1970ôs. 

The advantages of each light alloy wheel are explained as below.  

 

ii Aluminium Alloy Wheel  

Aluminium is a metal with features of excellent lightness, thermal conductivity, physical characteristics of casting, low 

heat, machine processing and reutilizing, etc. This metal main advantage is decreased weight, high precision and design choices of the 

wheel.  

 

iii) Magnesium alloy Wheel 
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Magnesium is about 30% lighter than aluminium and also admirable as for size stability and impact resistance. However its use is 

mainly restricted to racing, which needs the features of weightlessness and high strength. It is expansive when compared with 

aluminium  

 

iv) Titanium alloy wheels 

Titanium is an admirable metal for corrosion resistance and strength about 2.5 times compared with aluminium, but it is inferior due to 

machine processing, designing and more cost. It is still in developed stage.  

 

v) Composite material wheel  

The composite material wheel is different from the light alloy wheel, and it is developed mainly for low weight. However this wheel 

has inadequate consistency against heat and for best strength. 

 

2. DESIGN AND FATIGUE ANALYSIS OF ALLOY WHEELS  

     After analysing the working condition of wheel, there are two major loads i.e. direct load (Radial load    

     due to weight of vehicle) and tangential load (due acceleration torque or braking torque) 

 

               Table No 1: Material Properties 

 Aluminium A356.2 Aluminium 7075-T6 

Ultimate Tensile Strength (Sut) 250 MPa 570 MPa 

Tensile Yield Strength (Syt) 230 MPa 503 MPa 

Modulus of Elasticity orYoungôs 

Modulus (E) 
72.4 GPa 71.7 GPa 

Poissonôs Ratio 0.33 0.33 

Density (ɟ) 2810 Kg/ m
3
 2700Kg/m

3
 

 

The wheels for passenger cars need satisfy two testing industrial standards. They are as follows 

1. Bending Endurance Test 

2. Radial Endurance Test 

 

2.1 Bending Test  

The bending moment to be imparted in test shall be in accordance to following formula 

ὓ ʈz 2 Ä &zz 3(1) 

According to the Japanese Industrial Standards (JID D 4103) 

ɛ =  0.7 

d =  37 mm =  0.037m   F= 4414.5 N 

 

Bending Moment M  =   (( ɛ * R) +d) * F*S 

                                   =   ((0.7*0.1904) + 0.037) * 4414.5*1.5 

                             M   =  1589 N-m 

 

    Table No 2. Loading Coefficient specified according to the Standards.  

Division of wheel Light alloy wheel 

Coefficient 

S 

Specified number of revolutions 

 

Wheels under 100 mm 

in offset 

1.8 10
3
 

1.5 10
5
 

1.35 25 x 10
3
 

1.33 10
3
 

1.26 10
3
 

1.1  10
3
 

 

2.3 Radial Endurance Test  

The radial load to be imparted in test shall be in accordance with following formula: 

Fr = F *k 

Angular Velocity 
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           Angular Velocity is calculated by using the formula. From relation 

           V = r * ɤ 

 

Maximum Speed of the car is 80 km/hr = 22.22m/s 

           V =  r * ɤ 

       22.22 = 0.1904* ɤ                     

ɤ = 116.70rad/sec               

2.1To find out Tensile Stress developed in rim 

 

The Alloy wheel has Five Spokes, 

ς‌
ς“

υ
 

Ŭ = 0.628 rad  

 = 35.98ę 

1. Mass of rim per mm of circumference (m) 

Radius = 175 mm 

Mass of rim per mm of circumference (m)  =  Wt / Circumference 

(m)  =
ᶻ ᶻ

ᶻ
= 0.016Kg/m 

2. Evaluation of Tensile Stress 

By using S Timoshenkoôs equations, We get 

      Ὢϛɻ  πȢχωως 

     ὪϜ‌ πȢππσπς 

     „ ρȢσχρ ὔȾ άά² 

 

Table no.3 Alternating Stresses at Various Cycles for aluminium alloy A356.2 

 

Figure 1 shows the graph of alternating stresses at various cycles for aluminium alloy A356.2. 

It is obtained from Equation (5). 
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Table no.4 Alternating Stresses at Various Cycles for Aluminium 7075-T6 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

Figure 2 shows the graph of alternating stresses at various cycles Aluminium 7075-T6. It is obtained from equation (5) 

3.1 MODELLING  

Dimension of alloy wheel is take trough reverse engineering and by using the CMM technique. The CMM scanning was done by use 

Faro Scanning machine for complex part. The digital variner caliper is used measure the hole diameter and other dimension. Through 

CMM partially dimension recovered. The CMM scanning machine can generate rough geometry in unigraphics software and using 

this dimension model is built in Solidworks Software. 

 

 

 

 

 

 

 

                                                                   Figure 3 Cad model of alloy wheel 

 

 

 

Cycles 
Alternating 

Stresses 

(MPa) 

10 1067.08 

20        955.70 

50 826.00 

100 739.87 

200  662.64 

2000 459.45 

Cycles 
Alternating 

Stresses 

(MPa) 

10000 355.69 

20000 318.56 

100000 246.62 

200000 220.88 

1000000 171.00 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

30                                                                                                   www.ijergs.org   

3.2 Meshing of alloy wheel 

ANSYS is high performance finite element pre and processor for major finite element solvers. Which allows engineers to analyze 

design conditions in highly interactive and visual environment? ANSYS support the direct use of Cad geometry and existing finite 

element models, providing robust inter-operability and efficiency. Three-dimensional meshes created for finite element analysis 

consist of tetrahedral, pyramids, prisms or hexahedra. Advanced automation tools within ansys allow user to optimize meshes from a 

set of quality criteria change existing meshes through fine meshing. The total numbers of element formed are 62768 and total numbers 

of nodes formed are 112044. Table 5.2: Mesh information of Alloy wheel 

 

 

 

 

 

 

 

3.3 Applying of Boundary Conditions 

Boundary Conditions:  

1.  Input Force:  Radial force 9.93KN is applied on wheel 

2.  Pressure of 0.303MPa is applied to rim surface. 

3.  Rotational velocity of 116.7 rad/s is given. 

 

 

 

 

 

 

 

 

 

 

                                           Figure 5 Constraining & Appling Boundary condition 

   Table 5 Comparison of Simulation Results for A356.2 & 7075-T6 alloy Wheel 

Aluminium  A356.2 Alloy Wheel Aluminium  7075-T6 Alloy Wheel 

  

Figure 4 Meshed model of alloy wheel 
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1. Equivalent stress   

 

 

 

 

 

  1. Equivalent stress   

 

 

 

 

 

 

2. Deformation 

 

 

 

 

 

 

 

 2.Deformation 

 

3. Damage Analysis 

 

 

 

 

 

 

 

3. Damage Analysis 

 

 

 

 

 

 

4. Fatigue Life Cycle 

 

 

 

 

 

 

 4. Fatigue Life Cycle 
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5.Factor of Safety  

 

 

 

 

 

 

5.Factor of Safety  

 

6.Alternating Stress 

 

6.Alternating Stress 

 

  

 

 

4. FATIGUE ANALYSIS OF ALLOY WHEEL BY EXPERIMENTAL MET HOD 

A typical test setup according to standard of the radial fatigue test is shown in the figure equipped with a driven Rotatable drum. The 

drum axis is parallel to the axis of the test wheel which presents smooth surface wider than the section width of the loaded test tyre 

section width. The test wheel and tyre provide loading normal to the surface of drum and in line radially with the centre of test wheel 

and the drum. The test wheel is fixed to the hub by nuts with a suitable torque specified by vehicle or wheel manufacturer. The total 

weight of a car is balanced with a vertical reaction force from the road through the tyre. This load constantly compresses the wheel 

radially while the car is running, the radial load becomes a cyclic load with the rotation of the wheel. Hence, the evaluation of wheel 

fatigue strength under radial load is an important performance characteristic for structural integrity. 

 

 

 

 

 

 

 

 

                                        

Fig 6 Layout of test setup radial fatigue test 
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Test Condition :The test condition shall be as follows: 

Radial load  The radial load shall be in accordance with the formula : 

          Fr =  F. K  

          Where,  Fr :  radial load (kN) 

                       F    the maximum value (generally in accordance with JIS D 4202) of maximum loads(10
5 
)of the  

tires applied to wheel.  

 

Table No 6 Accelerated test factor for specified no of revolutions 

Division of wheel Light alloy wheel 

Coefficient 

K 

Specified number of revolutions 

10
4
 

Wheels 17.5 or 

under in nominal 

rim diameter 

2.25 50(10
4
) 

2.2 10
3
 

2.0 10
3
 

1.8 10
3
 

1.4 10
3
 

 

Test termination: -The test shall be terminated in either of the two following circumstances: 

a) Inability of wheel to sustain load 

b) Propagation of a cracks existing prior to test or new visible stress-caused cracks penetrating through a section of wheel 

4.1 Radial fatigue Testing Machine. 

The durability of the wheel is important for the safe operation of vehicle .Therefore, it is necessary to examine a wheel for both 

strength and fatigue life cycles. Fatigue test is carried for radial load. Figure 9 shows radial fatigue testing machine. The alloy wheel 

mounted on assembly, bolt are fixed. Then machine is started, initial radial load of 3.998KN is given. The Driver drum speed is setup 

for 80Kmph which makes alloy wheel to rotate. After minimum five lakh cycles the machine is stopped and checked for cracks and 

again its started. 

According to JIS D4103 for Radial Fatigue Test   

Radial Fatigue Test / No. of Cycles= 9932N/ 850000 cycles. 

Wheel size = 14 inches 

Flange shape = J 

Rim width = 7 inches 

Offset = 37mm 

Weight= 9.8-10 kg 

 

 

 

 

 

 

 

         

 

 

Figure 7 Radial Fatigue Testing Machine Setup 
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Table 7 .Experimental Fatigue test Results 

Test RFT 

Test Load/ Weight(N ) 9930.4  

Nut torque (initial) 110 N-m 

Test Cycles  8.5x 10^5 

D.P.T. result Crack initiation from 8.15 lakh Cycles 

 

5. RESULT AND DISCUSSION 

Table 8  Results for Radial Fatigue Test 

Parameters 

 
Aluminum A356.2  Aluminum7075-T6 

Von Mises Stresses 

 

43.95 MPa 35.75MPa 

Displacement  

 

32.33mm 23.81mm 

Factor of Safety 

 

2.1528 3.085 

Li fe of  alloy wheel 
7.995 x 10^5 1x 10^6 

 

The Radial fatigue life cycle of alloy wheel was found out. A comparison is made for both Aluminium A356.2 and Aluminium 7075-

T6 material used for alloy wheel. The existing components which are made of steel are slowly phased out by replacing with 

Aluminium alloys having comparable better properties. The maximum Equivalent stress (Von Mises stress) developed in Aluminium 

A356.2 alloy wheel is 43.95MPa  and minimum stress was 0.008Mpa.For Aluminium 7075-T6Equivalent stress (Von Mises stress) 

developed are 35.75 MPa and minimum stress was 0.024MPa.The alloy wheel also needs to satisfy Automotive Industry 

Standard,According to AIS 073 (P1 &P2) maximum radial load given is 75kN and wheel size 12-24inch.The wheel passes minimum 

no of life cycle under radial load according to AIS 073 (P1 & P2) & IS9436. 

  Table No 9 Comparative Results A356.2 Alloy Wheel 

Material A 356.2 Fatigue Life Cycle 

Simulation results  Radial fatigue life 

7.995 x 10^5cycles 

Experimental results Experimental found  

 8.15 x 10^5 cycles 

 

6 CONCLUSION 

1. The Stress developed in alloy wheel for aluminium 7075-T6 less as compared to aluminium A356.2 alloy wheel. The 

maximum stress induced in the alloy wheel for aluminium A356.2 was 43.95 MPa and for aluminium 7075ïT6 alloy wheel is 

35.5 MPa. 

2. The safety factor was higher in case of aluminium 7075-T6 as compared to Aluminium A356.2 alloy wheel. 

3. The fatigue life alloy wheel of Aluminium A356.2 is 7.9985 x 10
5 
cycles and that of Aluminium 7075-T6. alloy wheel is 1 x 

10
6  

cycles. 

4. Aluminium 7075- T6 grade are best suitable for alloy wheel 
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LS- Sasakian Manifold with Semi-symmetric Non-metric  

F-connection 

L K Pandey 
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Abstractð Hayden [1] introduced the idea of metric connection with torsion tensor in a Riemannian manifold. In 1975, Golab [2] 

studied quarter-symmetric connection in a differentiable manifold. T.Imai [3] discussed on hypersurfaces of a Riemannian manifold 

with semi-symmetric metric connection. In 1980, R. S. Mishra and S. N. Pandey [4] discussed on quarter-symmetric metric F-

connection and in 1970, K. Yano [9] studied on semi symmetric metric connections and their curvature tensors. In 1992, Nirmala S. 

Agashe and Mangala R. Chafle [5] studied semi-symmetric non-metric connection in a Riemannian manifold. Symmetric connections 

are also studied by K. Yano and T. Imai [10], A.Sharfuddin and S.I.Husain [8], R. N. Singh and S. K. Pandey [7] and many others. 

The purpose of this paper is to introduce a semi-symmetric non-metric F-connection in Lorentzian Special Sasakian manifold.  

Keywordsð Lorentzian Special Sasakian manifold, semi-symmetric non-metric F-connection, Nijenhuis tensor. 

 

1. INTRODUCTION         

An n-dimensional differentiable manifold ὓ , on which there are defined a tensor field Ὂof type (1, 1), a vector field Ὕȟ  a 1-form  ὃ 

and a Lorentzian metric Ὣ, satisfying for arbitrary vector fields ὢȟὣȟὤȟȣ 

(1.1)  ὢ ὢ ὃὢὝȟ       

ρȢς      ὃὝ ρ,    

(1.3)       Ὣ (ὢȟὣ) = Ὣ (ὢȟὣ ὃὢὃὣȟ×ÈÅÒÅ ὃὢ ὫὢȟὝȟ    ὢ ḰὊὢȟ     

(1.4) (a)   ὈὊ ὣ ὃὣ ὢ ǬὊὢȟὣ4 πᵾ  

         (b)  ὈǬὊ ὣȟὤ ὃὣ ǬὊὤȟὢ ὃὤ ǬὊὢȟὣ πȟ where  ǬὊὢȟὣ ḰὫ ὢȟὣ  

ρȢυ         ὈὝ  ὢ,  

Then  ὓ  is called a Lorentzian special Sasakian manifold (an LS-Sasakian manifold). 

In an LS-Sasakian manifold, it can be easily seen that 

(1.6)   ὃ(ὢ πȟ      

(1.7)  rank Ὂ= ὲ ρȢ   

ρȢψǬὊὢȟὣ ǬὊὣȟὢ , 

(1.9) (a) Ὀὃ  ὣ ǬὊὢȟὣ ᵾ     (b)  Ὀὃ ὣ Ὣ ὢȟ ὣ                       

Nijenhuis tensor in an L-Contact manifold [6] is given by 

(1.10)    Ǭὔὢȟὣȟὤ ὈǬὊ ὣȟὤ ὈǬὊ ὤȟὢ ὈǬὊ ὣȟὤ ὈǬὊ ὤȟὢ) 

Where 

                          Ǭὔὢȟὣȟὤ ḰὫὔ ὢȟὣȟὤ 
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2.  SEMI-SYMMETRIC NON -METRIC F -CONNECTION IN AN LS -SASAKIAN MANIFOLD         

An affine connection B is called non-metric connection, if 

(2.1)  ὄὫ Í 0  

An affine connection B is called F- connection, if 

 (2.2)    ὄὊ π 

Let us consider non-metric F-connection having torsion tensor Ὓ of the form 

(2.3) Ὓὢȟὣ ὃὣὢ ὃὢὣ, 

Where Ὓ is the torsion tensor of the connection ὄȢ 

Therefore, 

Definition  2.1  A linear connection satisfying (2.1), (2.2) and (2.3) is called a semi-symmetric non-metric 

 F-connection.  

Theorem 2.1 In an LS-Sasakian manifold, the connection ὄ defined by 

(2.4) ὄὣ Ὀὣ ὃὣὢ ὫὢȟὣὝ ςὃὢὣ 

is a semi-symmetric non-metric connection, whose metric is given by 

(2.5) ὄὫ ὣȟὤ τὃὢὫὣȟὤ 

 Proof. Put 

(2.6)           ὄὣ  Ὀὣ Ὄὢȟὣ   

Where Ὄ is a tensor field of type (1, 2), given by 

 (2.7)           Ὄὢȟὣ  ὃὣὢ ‍ὫὢȟὣὝ ςὃὢὣ, 

Where  and ‍ are constants to be determined. 

From (2.6) and (2.7), we get 

(2.8)           ὄὣ  Ὀὣ ὃὣὢ ‍ὫὢȟὣὝ ςὃὢὣ 

Then, torsion tensor of the connection ὄ is given by 

(2.9)       Ὓὢȟὣ Ὄὢȟὣ Ὄὣȟὢ  

Therefore 

 (2.10)        ǬὌὢȟὣȟὤ  ὃὣὫὢȟὤ ‍ὃὤὫὢȟὣ ςὃὢὫὣȟὤ and 

 (2.11)         ǬὛὢȟὣȟὤ ǬὌὢȟὣȟὤ ǬὌὣȟὢȟὤ 

Where 

(2.12)       ǬὌὢȟὣȟὤ ḰὫὌ ὢȟὣȟὤ 

(2.13)        ǬὛὢȟὣȟὤ ḰὫὛ ὢȟὣȟὤ   

From (2.2) and (2.8), we get 

(2.14)  ὈὊ ὣ ὃὣ ὢ ‍ǬὊὢȟὣ4 π  
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In an LS-Sasakian manifold, we have 

(2.15)   ὈὊ ὣ ὃὣ ὢ ǬὊὢȟὣ4 π  

From (2.14) and (2.15), we get, ρȟ‍ ρ 

Putting these values in (2.8), we obtain (2.4). 

Also 

(2.16)    ὢὫὣȟὤ ὄὫ ὣȟὤ Ὣ  ὄὣȟὤ Ὣὣȟ  ὄὤ = Ὣ  Ὀὣȟὤ Ὣὣȟ  Ὀὤ 

Using (2.4) in (2.16), we get (2.5). 

Theorem 2.2 In an LS-Sasakian manifold with semi-symmetric non-metric F-connection ὄȟ we have 

(2.17)  (a)           ὄὝ  ςὢ ςὢ      

           (b)          ὄὃ ὣ  Ὀὃ ὣ Ὣὢȟὣ σὃὢὃὣ  

           (c)          ὄǬὊ ὣȟὤ ὈǬὊ ὣȟὤ τὃὢǬὊὣȟὤ ὃὣǬὊὤȟὢ ὃὤǬὊὢȟὣ 

           (d)          ὄǬὊ  ὣȟ ὤ  ὄǬὊ ὣ ȟὤ ψὃὢὫ ὣȟ ὤ    

           (e)           ὄǬὊ  ὣȟὤ ὄǬὊ   ὣȟ ὤ ψὃὢǬὊὣȟὤ   

Theorem 2.3 Nijenhuis tensor with semi-symmetric non-metric F-connection ὄ is given by 

ςȢρψ  Ǭὔὢȟὣȟὤ ὄǬὊ ὣȟὤ ὄǬὊ ὤȟὢ ὄǬὊ ὣȟὤ ὄǬὊ ὤȟὢ  

τὃὢὫὣȟὤ τὃὣὫὤȟὢ  

Proof.  (2.18) follows from (1.10) and (2.17) (c). 

Theorem 2.4 The connection induced on a submanifold of an LS- Sasakian manifold with a Semi-symmetric non-metric F-connection 

with respect to unit normal vectors ὓ and ὔ is also Semi- symmetric non-metric F-connection iff  

(2.19) (a)       Ὤὢȟὣ   ὴὢȟὣ ʍὫὢȟὣ 

 

           (b)     Ὧὢȟὣ   ήὢȟὣ „Ὣὢȟὣ  

 

Proof. Let ὓ  be submanifold of ὓ  and let ὧḊὓ  Oὓ  be the inclusion map such that 

                                                        Ὠ  ɴὓ ᴼὧὨ  ɴὓ  ,  

Where ὧ induces a Jacobian map (linear transformation)       ὐḊὝǋ  OὝǋ . 

Ὕǋ  is tangent space to ὓ  at point Ὠ and Ὕǋ  is tangent space to ὓ  at point ὧὨ such that 

                                                 ὢ in ὓ  at Ὠ  Oὐὢ  in ὓ  at ὧὨ    

Let Ὣ be the induced metric tensor in ὓ  , then  

(2.20)              Ὣὢȟὣ  Ὣ ὐὢȟὐὣ ὦ 

 Semi- symmetric non-metric F-connection ὄ in an LS- Sasakian manifold ὓ  is given by  
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(2.21)               ὄὣ Ὀὣ ὃὣὢ ὫὢȟὣὝ ςὃὢὣ 

Where ὢ and ὣ are arbitrary vector fields of ὓ . Let 

(2.22)      Ὕ ὐὸʍὓ „ὔȟ  

Where ὸ is ὅÐ  vector fields in ὓ Ȣ  ὓȟ ὔ are unit normal vectors to ὓ . 

Denoting by Ὀ  the connection induced on the submanifold from ὈȢ   

Put 

(2.23)       Ὀ ὐὣ ὐὈὣ  ὴὢȟὣὓ ήὢȟὣὔ 

Where ὴ and ή are symmetric bilinear functions in ὓ . Also  

 

(2.24)        ὄ ὐὣ ὐὄὣ  Ὤὢȟὣὓ Ὧὢȟὣὔ , 

Where ὄ is the connection induced on the submanifold from ὄ and Ὤ, Ὧ are symmetric bilinear functions in ὓ . 

Inconsequence of (2.21), we have 

 

(2.25)       ὄ ὐὣ Ὀ ὐὣ ὃὐὣὐὢ ὫὐὢȟὐὣὝ ςὃὐὢὐὣ 

 

Using (2.23), (2.24) and (2.25), we have 

 

(2.26)     ὐὄὣ   Ὤὢȟὣὓ  Ὧὢȟὣὔ  ὐὈὣ  ὴὢȟὣὓ  ήὢȟὣὔ ὃὐὣὐὢ ὫὐὢȟὐὣὝ ςὃὐὢὐὣ 

Using (2.22), we get 

(2.27)       ὐὄὣ  Ὤὢȟὣὓ  Ὧὢȟὣὔ  ὐὈὣ   ὴὢȟὣὓ  ήὢȟὣὔ ὥ ὣὐὢ  
 

                                                                         ὐὸʍὓ „ὔὫ ὢȟὣ ςὥ ὢὐὣ 

 

Where        ὫὣȟὸḰὥ ὣ     

Using (2.19) (a) and (2.19) (b), we get 

(2.28)           ὄὣ  Ὀὣ ὥ ὣὢ Ὣὢȟὣὸ ςὥ ὢὣ  

This proves the theorem.    
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    AbstractðIn the recent years, Digital cameras have become more dominant in the image capturing process. For low price digital 

cameras, concept of Bayer layer is more famous by the name, color filter array (CFA). An approach to produce full color image from 

the incomplete color sample output of a graphic sensor overlaid with a color filter array is called demosaicing. It can be called color 

reconstruction or CFA interpolation. Image demosaicing becomes major section of research in vision processing applications. A 

number of strategies have been developed like bilinear interpolation, constant hue based interpolation, edge adaptive interpolation etc. 

to produce full color image in demosaicing and the latest one is content adaptive CFA. The content adaptive strategy is simple as 

compared to the other interpolation strategies, but still there exist some limitations of this technique like static window size, large 

memory requirements. In this paper, we have proposed an algorithm: Artificial bee colony based content adaptive CFA for 

demosaicing which further will improve the working of content adaptive CFA. The proposed method has been developed to optimize 

the window size for each image and to overcome the limitations of the content adaptive strategy. This algorithm provides the best 

results on the behalf of MSE, PSNR, AD and RMSE parameters as compared to the other strategies. 

     KeywordsðDemosaicing; interpolation; Color filter array; content classification; artificial bee colony; Average Difference. 

1. INTRODUCTION  

     Digital image sensors have become the vital part of digital cameras. They are the light touching 'film' that records the image and 

enables to give a picture. A digital sensor is, in simple terms, composed of three different layers: Sensor substrate, A Bayer Filter, 

microlens. A Bayer filter has alternating red(R) and green (G) filters for odd rows and for even rows, alternating green (G) and blue (B) 

filters. The presence of green filters is in double amount as compared to red or blue ones, catering to the human eye's higher sensitivity to 

green light. Since every pixel of the sensor is behind a color (shade) filter, the result is a section of pixel values, each revealing a raw 

intensity of one of many three filter colors. Thus, an algorithm must estimate for every pixel along with levels of a number of color 

components, not a single part. A Bayer filtration mosaic is a color filter array for arranging RGB color filters on a square grid of photo-

sensors. Particular layout of color filters has been used in most single-chip digital image sensors used in digital camera models, scanners 

and camcorders make a color image. The filter pattern is 50% green, 25% blue and 25% red, hence called RGBG, GRGB or RGGB. The 

raw output of Bayer- filter cameras is known as a Bayer pattern image. Since each filtered pixel record only one of three shades, the info 

from each pixel cannot fully find color on its own. To get a full-color image, many demosaicing algorithms have been properly used to 

interpolate a couple of complete red, green, and blue values for each level. Fig. 1 represents the GRBG bayer pattern of color filter array. 

 

Fig. 1 Bayer Pattern array 
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     Many research works have been proposed in the previous years for demosaicing. Different methods like bilinear interpolation, 

constant hue based interpolation, gradient based interpolation has been implemented and their comparison based on mean square error 

has been drawn by R. Ramanath in 2002 [10]. In 2003 R. Ramanath et al. have proposed a flexible demosaicing way in the concept of 

bilateral filtering. The bilateral selection gives an effective way to adaptively weight a pixel based on its location in the image. This 

process supplies a mean to denoise, sharpen and demosaicing the image simultaneously [11]. M. Zhao et al. have planned a technique 

for lowering the blocking artifacts in the decoded picture by applying adaptive filtration [12]. L. Shao et al. have planned an integrated 

resolution up-conversion and retention artifacts elimination algorithm. Regional picture design is classified into object details or code 

artifacts using the combination of structure information (ADRC) and the activity measure [13]. L. Shao et al. have introduced the 

classiýcation-based least section trained ýlters on image quality improvement algorithms. For every algorithm, the working out 

method is exclusive and separately selected classiýcation methods are proposed [15]. A. Jose et al. have presented the typical concepts 

of adaptive ýltering and its individuals of formulas such as least-mean Square, data-reusing, and recursive least- sections (RLS) [16]. 

B. Leung et al. represented a lumaïchroma demultiplexing algorithm utilizing a least-squares style strategy for the required bandpass 

ýlters [17]. L. Shao et al. have proposed a least squares solution that is self adaptive to the visible quality of the input sequence [19]. 

L. Shao et al. have planned a solution centered on classiýcation and last section qualified ýlters to repair/patch low-quality video 

processing modules at the back end of a video chain [18]. L. Shao et al. have proposed a material adaptive demosaicing strategy 

utilising structure analysis and correlation between the red, green and blue planes [1].  

     All the above discussed techniques heavily rely on an edge detection mechanism except content adaptive CFA strategy. The 

content adaptive CFA technique is simple and there is no need of edge detection. The content adaptive strategy finds out least square 

window size and produces the results by using the filtering mechanism on all the images. There are two phases: offline and online. 

Offline training mechanism helps to identify the best window size and online phase is runtime phase. This strategy takes too much 

memory to maintain a lookup table. Look up table maintain the record of the location of the pixels in an image. In this paper, an 

algorithm named artificial bee colony based content adaptive color filter array has been proposed. The proposed algorithm will further 

improve the working of content adaptive CFA by optimizing the window size for each image using ABC optimization and produces 

high quality of the images compared to the content adaptive strategy. 

2.  METHODOLOGY  

     In the proposed method, Window size is being optimized by using the artificial bee colony (ABC) algorithm for every image 

further to improve the working of content adaptive CFA. Content adaptive demosaicing approach finds out the best window size, 

which is static for all images, by using two stages: training stage and testing stage. During the training phase, all training image 

patches are being classified by using adaptive range dynamic coding technique to define the texture of the images, and filter 

coefficient for each class is individually optimized with least square method and stored in a lookup table. Fig. 2 represents the working 

of the offline training stage: 

A. Offline training stage:  

     Steps of the offline training stage are: 

1.) Degrades each input image into the Bayer pattern. Mosaic image in the form of Bayer pattern is available as well as the original 

plan. 

2.) Classification method ADRC is to be used to find the class index for every pixel place. 

3.) Least square optimization is conducted to find out the coefficient of the different filters and optimized filter coefficient will be 

stored in a lookup table for use during demosaicing. 

     Least square optimization will find out the error between the original image and the filtered image by using the following equation 

 

             

2

,,1

2 ))()(( jFJFe cFcR

N

J
C -ä= =                         (1) 

Where )(, JF cR the reference is image and )(, jF cF  is the filtered image. 

     At the testing stage, the image will be demosaicised, same classification will be performed on the image and according to the class 

code filter coefficient will be retrieved from the lookup table. Fig. 3 describes the working of testing stage. 
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Fig. 2 Offline training procecure [1] 

 

     Futhermore strategy has been improved on the proposed method by applying the artificial bee colony optimization.  

     

Fig. 3 Online procedure 

 

The artificial bee colony algorithm will optimize the window size to produce better quality of an image. Here the window size is not 

static nature, its size will be dynamic, i.e. automatic and ABC will find out the optimum window size for every image. Here objective 

function is: 

                             
MSE

xf
1

)( =                                      (2) 

The aim here is to maximize the objective function )(xf  to choose the best window by artificial bee colony. The proposed method 

will do the work under following methodology: 

                
 Fig. 4 Methodology 
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B.   Artificial bee colony optimization 

     Optimization is the act of achieving the perfect result underneath the given circumstances to offer the utmost or the minimum value 

of an objective function. Two classes of optimization algorithms are: Evolutionary algorithms and Swarm intelligence based 

algorithms. Most prominent optimization algorithms are: ant colony optimization, particle swarm based optimization and artificial bee 

colony (ABC) optimization. In the proposed method, artificial bee colony optimization has been utilized because the major advantages 

which ABC holds over other optimization algorithms include its:  

¶ Simplicity, flexibility and robustness. 

¶ Use of less control parameters. 

¶ Power to handle the objective cost with stochastic nature. 

¶ Simple implementation with standard mathematical and logical operations. 

     The ABC meta-heuristic has been planned rather recently by Lucic and Teodorovic. It is a bottom-up method which acts partially 

alike, and partially differently from bee colonies in nature. Artificial bees will be the agents, which covers complicated combinatorial 

optimization problem. Here every artificial bee computes one means to the problem. There are two phases of the algorithm forward 

pass and backward pass. Initially in each ahead pass, every artificial bee is examining the search space. From a predefined number of 

moves it constructs or improves the Solution and also forms a new solution. After obtaining the new partial solution, the bees again go 

to the nest and move the next phase that is backward pass. In this all artificial bees share information about their solutions. In nature, 

bees perform a dancing ceremony, and signaled other bees about the quantity of food they have collected and the distance of the area 

to the nest. The main steps of the artificial bee colony algorithm are: 

1.)  Intialize population 

For every bee do the forward pass 

    a) Set k=1 

    b) Evaluate all possible construct moves 

    c) Acc. To evaluation choose one move using route wheel 

    d) K=k+1; 

    If 

    { 

    P <= NC 

   Goto step b 

    } 

 2)  All bees are back to hive 

3.)  Sort bees by using objective function 

                 
MSE

1      

4.)  Every bee decides randomly whether to continue its own exploration and become a recruiter or to become a follower. (High 

function high change) 

5.)  For every follower choose a new solution for recruiter by wheel. 

6.)  If the stopping condition not met go to step 2. 

7.) Choose the best solution. 

     In the proposed method, the working of three phases of the ABC algorithm with the combination of content adaptive CFA is as 

follows: The very first phase will be employed bee phase: population will be intialized (p=1) by randomly selected some pixel as the 

food sources. Employed bees exploit the food sources and generate the different solutions on the randomly selected food sources by 

making the iterations (k=1 to n), where n is the maximum number of cycles. The position of food source would be replaced with new 

one by k+1 to generate new solutions. If the previous existing solution has dominated value than the value of new one, then it will 

remain same otherwise it will be replaced by the new solution. In order to optimize the best solution image will pass through the 

second phase i.e. onlooker bee phase. Second phase check the probability of all the solutions by using the following equation: 

Figure 4 Methodology 
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n

SN

n
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fit
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p

1=ä
=                                 (3) 

     Where ifit is the fitness of the solution i which is proportioned to the nectar amount, i.e. in the proposed method, nectar amount 

will be the interpolated values of the pixels of the position i and SN is the food source that is to say number of pixels which is equal to 

the number of employed bees or onlooker bees. The third phase is onlooker phase: onlooker phase will find out the new pixels to find 

out the new solutions on the pixels of the selected image. 

     In this way these three phases help to optimize the best window size for each image of the selected dataset. 

3.  EXPERIMENTAL RESULTS  

    Kodak dataset image has been used for experimental results. Collected Kodak dataset images are shown in Fig. 5. We have totally 

collected 15 images from the Kodak dataset for experimental use.  

    Content adaptive strategy further will be improved by using an artificial bee colony algorithm. The artificial bee colony algorithm 

will find out the best solutions on the pixels of the image and help to optimize the best window size for each Kodak dataset image. 

     Fig. 6 shows the result images has been used by content adaptive CFA and Adaptive ABC strategies. Firstly, by performing 

processing operations on the image, the image has been converted into the GRBG pattern of the bayer filter. After that this image will 

be recovered by using content based CFA and Adaptive ABC optimization techniques. 

     The results of these images have been evaluated on the basis of PSNR, MSE, RMSE and AD. 

                 

   

 

 

 

 

   

  

   

 

     Adaptive ABC optimization result image will be of high quality as compared to the content based CFA based on these limit. 

 

 

 

 

 

 

Fig. 5 Kodak dataset images used for the experimental results 

Fig. 6 (A) Input image (B) Bayer image (C) Content based CFA image (D) 
Adptive ABC image 

          (A)                       (B)                         (C)                    (D)  
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TABLE 1 Performance evaluations of MSE, RMSE, PSNR, and AD of R, G, B. 

 

     Table 1 represents the MSE, RMSE, PSNR, AD analysis based on different channels R, G, B by applying content based CFA and 

Adaptive ABC techniques on the image shown in Figure 4. The MSE values of different colors (R, G, B) by using content based CFA 

are R=5, G=5, B=6 and by using ABC are R=2, G=2, B=3. RMSE values of content based CFA are (R=2.23, G=2.23, B=2.44) and 

ABC based CFA is (R=1.41, G=1.73, B=1.41). PSNR values of content based CFA are (R=41.14, G=41.14, B=40.34) and ABC based 

CFA are (R=45.12, G=43.35, B=15.12). AD values of content based CFA are (R=17.521, G=16.196, B=18.029) and ABC based CFA 

are (R=7.3862, G=10.666, B=8.4075).   

 

 

 

 

 

 

 

 

 

 

 

 

TABLE 2 Performance evaluations of MSE, RMSE, PSNR, and AD using content adaptive CFA and adaptive ABC techniques. 

 

 

     Table 2 shows that the results of ABC based CFA technique are better than the results of content based CFA. 

     In the similar way, an experiment has been performed on the dataset images based on the following parameters: 

¶ PSNR (Peak Signal to Noise Ratio) 

     The term peak signal-to-noise ratio (PSNR) is an expression for the ratio between the largest possible value (power) of a signal and 

the power of distorting noise that affects the quality of its representation. PSNR is evaluated by   

                                   )10log(/)/255*255log(*10 MSEPSNR=           (4)     

Where, 255 is the greatest power of the signal. 

¶ MSE (Mean Square Error) 

     In this research M ³ N represents the size of the each image. Where M represents the number of rows and N represents the number 

of columns. The original image is represented by the function ),( jif at the location ji, and the filtered image, i.e. full color image 

is represented at location ji,  by ).,( jif
%

 the mean square error between original image and demosaicised image is evaluated by 

using the following equation: 

 

          (5) 

 

TABLE 

1 

 

Performance evaluations of MSE, RMSE, 

PSNR and AD of different channel R, G, B by 

using content adaptive CFA and adaptive 

ABC technique: 

Method Colours MSE RMSE PSNR Average 

Difference 

Content 

based 

CFA 

R 

G 

B 

5 

5 

6 

2.23 

2.23 

2.44 

41.14 

41.14 

40.34 

17.521 

16.196 

18.029 

ABC R 

G 

B 

2 

2 

3 

1.41 

1.73 

1.41 

45.12 

43.35 

45.12 

7.3862 

10.666 

8.4075 

 

TABLE 

2 

Performance evaluations of MSE, RMSE, 

PSNR and AD by using content adaptive CFA 

and adaptive ABC techniques: 

 

Method  MSE  RMSE  PSNR  Average 

Difference  

Content 

based 

CFA  

81  9  29.04  81.57  

ABC  42  6.480  31.89  42.72  

2

11 )),(),((
1

jifjif
MN

MSE N

J

M

i

%
-ää= ==
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¶ RMSE (Root Mean Square Error) 

     The RMSE represents the differences between predicted values and observed values of an input image. RMSE is a good measure of 

accuracy. The RMSE is the root of the mean square error and it is evaluated by using the following equation: 

                          (6) 

 

¶ AD (Average Difference) 

     The average difference represents the mean error between 

the original image and the filtered image. AD is evaluated by using the following equation: 

            
MN

jifjif
AD

N

i

M

i )),(Ĕ),((11 -ää
= ==

                 (7) 

     On the behalf of these limits we have performed the experiment on the selected dataset.Experiment has been conducted in the 

proposed method on all the selected dataset images are shown in the Fig. 7. 

 

MSERMSE=
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     In the figure 7, column A represents the input images, column B shows the bayer images, column C and D represents the recovered 

images by using content adaptive and ABC based CFA techniques. 

TABLE 3 Performance evaluations of MSE using content adaptive CFA and adaptive ABC techniques. 

 
 

TABLE 3  

Performance evaluations of MSE by using 

content adaptive CFA and adaptive ABC 

technique 

                               

Image No. 

Content based CFA  ABC Optimization 

based content based 

CFA 

MSE MSE 

1 26 9 

2 32 14 

3 62 18 

4 357 142 

5 161 49 

6 21 9 

7 130 39 

8 395 141 

9 66 23 

10 81 42 

11 148 45 

12 248 78 

13 241 10 

14 109 36 

15 127 42 

Average 146.9 46.46 

 

TABLE 4 Performance evaluations of PSNR using content adaptive CFA and adaptive ABC techniques 

Fig.  7 (A) Input image (B) Bayer image (C) Content based CFA image (D) 
Adptive ABC image 

           (A)                       (B)                         (C)                    (D)  
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TABLE 4  

Performance evaluation of PSNR by using 

content adaptive CFA and ABC optimization 

based content adaptive CFA  

 

                               

Image No. 

Content based CFA  ABC Optimization 

based content based 

CFA 

PSNR PSNR 

1 33.98 38.58 

2 33.07 36.66 

3 30.20 35.57 

4 22.60 26.60 

5 26.06 31.22 

6 34.90 38.58 

7 26.99 32.22 

8 22.16 26.63 

9 29.63 34.51 

10 29.04 31.89 

11 26.42 31.59 

12 24.18 29.20 

13 34.32 38.13 

14 27.75 32.56 

15 27.09 31.89 

Average 28.55 33.05 

 

 

TABLE 5 Performance evaluations of RMSE using content adaptive CFA and adaptive ABC techniques 

 

 

TABLE 5 

Performance evaluation of RMSE by using 

content adaptive CFA and ABC optimization 

based content adaptive CFA  

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

50                                                                                                   www.ijergs.org   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 In table 3, the performance of both the techniques has been evaluated on the basis of Mean Square Error. The average of content 

based CFA technique based on MSE analysis is 146.9 and the average of ABC optimization based content based CFA is 46.46In table 

4, the results of all the test images have been evaluated on the basis of PSNR. The average of peak signal to noise ratio of all the 

images by using ABC optimization based Content based CFA is 33.05 and the average of content based CFA 28.55.In table 5, the 

performance of the images has been evaluated on the basis of RMSE. Root Mean Square Error is also a way to evaluate the error 

between the original image and output image. From the results of both the techniques, itôs clear that the result of ABC optimization 

based technique is better. The average of ABC optimization based content based CFA is 6.230 and the average of content based CFA 

is 10.51. 

TABLE 6 Performance evaluations of AD using content adaptive CFA and adaptive ABC techniques 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                               

Image No. 

Content based CFA  ABC Optimization 

based content based 

CFA 

RMSE RMSE 

1 5.099 3.000 

2 5.656 3.741 

3 7.874 4.242 

4 18.89 11.91 

5 12.68 7.000 

6 4.580 3.000 

7 11.40 6.245 

8 19.87 11.87 

9 8.120 4.790 

10 9.000 6.480 

11 12.16 6.708 

12 15.74 8.831 

13 4.899 3.162 

14 10.44 6.000 

15 11.26 6.480 

Average 10.51 6.230 

 

TABLE 6  

Performance evaluation of AD by using content 

adaptive CFA and ABC optimization based 

content adaptive CFA  

 

                               

Image No. 

Content based CFA  ABC Optimization 

based content based 

CFA 

AD AD 

1 26.30 9.811 

2 32.70 14.19 

3 62.10 18.83 

4 357.6 142.1 

5 161.5 49.55 

6 21.21 9.772 

7 130.4 39.85 

8 395.8 141.1 

9 66.59 23.30 

10 81.57 42.72 

11 148.6 45.24 

12 248.9 78.86 

13 24.20 10.79 

14 109.8 36.19 

15 127.0 42.31 

Average 132.9 46.97 
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In the table 6, the results of the images have been evaluated based on the average difference. Here the average of all the dataset images 

based on AD by using ABC Optimization is 46.97 and the average of content based CFA is 132.9. So itôs clear that the results of ABC 

optimization technique are better than the content based CFA. 

 

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     From the above table 7, it is clear that the results of MSE, PSNR, RMSE, and AD of the adaptive ABC technique are better than 

the content adaptive strategy. In the adaptive ABC technique the average of MSE of all the images is 22.7 and the average of MSE of 

all the images of the content adaptive CFA is 46.26. Similarly the average of RMSE, PSNR and AD of the adaptive ABC technique is 

4.31, 36.41, 69.72 and the average of these parameters of the content adaptive CFA is 6.105, 33.43 and 139.7. So from the above 

results, itôs clear that the Adaptive ABC technique provides better quality of images as compared to the content adaptive CFA 

technique. 

4. CONCLUSION 

      The proposed work handles improving the content based color filter array further by using artificial bee colony in order to 

optimize the window size. These works have centered on reducing the color artifacts and maintain the quality of the images. The 

overall objective of the dissertation is to create and implement the artificial bee colony and content based color filter array. we have 

choosen ABC optimization because the major advantages which ABC holds over other optimization algorithms include its: Simplicity, 

flexibility and robustness, Use of fewer control parameters compared to many other search techniques, Ease of hybridization with 

other optimization algorithms, Ability to handle the objective cost with stochastic nature, Ease of implementation with basic 

mathematical and logical operations. The proposed methodology has taken a full color image as an input image and then converts this 

image into Bayer pattern. There are three channels presented into a bayer converted image and these channels are Red, Green and 

 

 

TABLE 7 

Performance evaluation of MSE, RMSE, PSNR and AD 

of different R, G, B Channel by using content adaptive 

cfa and adaptive ABC technique of all the dataset 

images: 

                  Optimized adaptive ABC Content based CFA  

Image 

No. 

Colour MSE RMSE PSNR AD MSE RMSE PSNR AD 

 

1 

R 

G 

B 

5 

6 

4 

2.23 

2.44 

2.00 

41.14 

40.34 

42.11 

16.00 

18.71 

12.63 

10 

10 

09 

3.16 

3.16 

3.00 

38.13 

38.13 

38.58 

32.98 

30.42 

29.58 

 

2 

R 

G 

B 

7 

9 

5 

2.64 

3.00 

2.23 

39.67 

38.58 

41.14 

23.35 

27.55 

17.02 

13 

13 

21 

3.60 

3.60 

3.46 

36.99 

36.99 

37.33 

41.81 

39.64 

36.28 

 

3 

R 

G 

B 

07 

13 

09 

2.64 

3.60 

3.00 

39.67 

36.99 

38.58 

23.01 

39.34 

29.53 

22 

24 

25 

4.69 

4.89 

5.00 

34.70 

34.32 

34.15 

67.14 

72.51 

76.46 

 

4 

R 

G 

B 

58 

86 

55 

7.61 

9.27 

7.41 

30.49 

28.78 

30.71 

174.0 

260.0 

165.7 

137 

131 

135 

11.7 

11.7 

11.6 

26.76 

26.95 

26.82 

411.4 

393.5 

406.3 

 

5 

R 

G 

B 

6 

7 

8 

2.44 

2.64 

2.82 

40.34 

39.67 

39.09 

18.83 

22.89 

24.19 

7 

11 

11 

2.64 

3.31 

3.31 

39.67 

37.71 

37.71 

21.02 

33.69 

33.69 

 

6 

R 

G 

B 

21 

24 

21 

4.58 

4.89 

4.58 

34.90 

34.32 

34.90 

64.42 

74.82 

64.19 

51 

46 

50 

7.14 

6.78 

7.07 

31.05 

31.50 

31.14 

154.9 

139.5 

150.5 

 

7 

R 

G 

B 

55 

93 

54 

7.41 

9.64 

7.34 

30.72 

28.44 

30.80 

166.91 

279.53 

162.16 

149 

144 

145 

12.2 

12.0 

12.0 

26.39 

26.54 

26.51 

447.1 

443.4 

437.5 

 

8 

R 

G 

B 

24 

24 
24 

4.89 

4.89 
4.89 

34.32 

34.32 
34.32 

73.53 

74.66 
74.00 

30 

33 
27 

5.47 

5.74 
5.19 

33.35 

33.94 
33.81 

91.35 

100.8 
83.74 

 

9 

R 

G 

B 

2 

3 
2 

1.41 

1.73 
1.41 

45.12 

43.35 
45.12 

7.386 

10.66 
8.407 

5 

5 
6 

2.23 

2.23 
2.44 

41.14 

41.14 
40.34 

17.52 

16.19 
18.02 

 

10 

R 

G 

B 

22 

27 

23 

4.69 

5.19 

4.79 

34.70 

33.81 

34.51 

68.40 

82.55 

70.64 

35 

35 

31 

5.91 

5.91 

5.56 

32.69 

32.69 

33.21 

105.6 

105.6 

95.34 

 

11 

R 

G 

B 

19 
32 

18 

4.35 
5.65 

4.24 

35.34 
33.07 

35.57 

57.96 
97.48 

55.99 

52 
56 

51 

7.21 
7.48 

7.14 

30.97 
30.64 

31.05 

157.5 
170.9 

155.1 

 

12 

R 

G 

B 

34 

54 
35 

5.83 

7.34 
5.91 

32.81 

30.80 
32.69 

104.11 

164.93 
106.00 

90 

94 
92 

9.48 

9.69 
9.59 

28.58 

28.39 
28.49 

272.4 

284.3 
276.4 

 

13 

R 

G 

B 

4 

7 

4 

2.00 

2.64 

2 

42.11 

39.67 

42.11 

14.08 

21.26 

13.68 

8 

10 

8 

2.82 

3.16 

2.82 

39.09 

36.13 

39.09 

26.16 

30.65 

26.62 

 

14 

R 

G 

B 

15 

25 

15 

3.87 

5.00 

3.87 

36.36 

34.15 

36.36 

45.20 

77.01 

47.13 

39 

42 

38 

6.24 

6.48 

6.16 

32.22 

31.89 

32.33 

118.7 

126.4 

114.9 

 

15 

R 

G 

B 

14 
30 

14 

3.74 
5.47 

3.74 

36.66 
33.35 

36.66 

42.63 
92.95 

42.35 

40 
52 

39 

6.32 
7.21 

6.24 

32.11 
30.97 

32.22 

120.1 
157.6 

119.7 

Average RGB 22.7 4.31 36.41 69.72 46.26 6.105 33.43 139.7 
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Blue. Differentiate each channel and interpolate each channel by using optimized adaptive artificial bee colony algorithm. The 

comparison has clearly shown that the proposed over the available techniques. 
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A Review on Pipelined integer DCT architecture for HEVC 

Mr. Rahul R. Bendale, Prof. Vijay L.Agrawal 

HVPM COET,Amravati, Maharashtra,India, rahulrbendale@gmail.com, 7758022401. 

 

Abstract ð Currently different types of transform techniques are used by different video codecs to achieve data compression during 

video frame transmission. Among them, Discrete cosine transform (DCT) is supported by most of modern video standards. The 

integer DCT is an approximation of DCT. It can be implemented exclusively with integer arithmetic. Integer DCT proves to be highly 

advantageous in cost and speed for hardware implementation. Implementation of an efficient discrete cosine transform with reduced 

complexity and number of multiplications. Pipelining technique is introduced to reduce the processing time. The full pipeline variable 

block size transform engine with the efficient hardware utilization is proposed to handle the DCT/IDCT.2D-DCT is computed by 

combing two 1D-DCT that connected by a transpose buffer.  

 

Keywordsð Discrete cosine transform (DCT),HEVC,I-DCT,FPGA,VHDL,Video compression   

INTRODUCTION 

H.265/High Efficiency Video Coding (HEVC) is the successor codec to H.264,which, like H.264, is jointly developed by the ISO/IEC 

Moving Picture Experts Group and ITU-T Video Coding Experts Group (VCEG)To maximize compression capability and improve 

other characteristics such as data loss robustness, while considering the computational resources that were practical for use in products 

at the time of anticipated deployment of each standard. It is widely used for many applications, including broadcast of high definition 

(HD) TV signals over satellite, cable, and terrestrial transmission systems, video content acquisition and editing systems, camcorders, 

security applications, Internet and mobile network video, Blu-ray Discs, and real-time conversational applications such as video chat 

and video conferencing. However, an increasing diversity of services, the growing popularity of HD video, and the emergence of 

beyond-HD formats (e.g., 4k×2k or 8k×4k resolution) are creating even stronger needs for coding efficiency. Moreover, the traffic 

caused by video applications targeting mobile devices and tablet PCs, as well as the transmission needs for video-on-demand services, 

are imposing severe challenges on todayôs networks. An increased desire for higher quality and resolutions is also arising in mobile 

applications. HEVC has been designed to address essentially all existing applications of H.264/MPEG-4 AVC and to particularly 

focus on two key issues: increased video resolution and increased use of parallel processing architectures. 

The 2D-DCT is computationally intensive and as such there is a great demand for high speed, high throughput and short 

latency computing architectures. Due to the high computation requirements, the 2D-DCT processor design has been concentrated on 

small non overlapping blocks (typical 8x8). Many 2D-DCT algorithms have been proposed to achieve reduction of computational 

complexity and thus increase the operational speed and throughput. The various algorithms and architectures for the 2D-DCT can be 

divided into two categories: The row-column decomposition methods and the non-row-column decomposition methods 

 

Literature SURVEY: 

¶ Gary J. Sullivan [1] introduces H.264/AVC video coding standard. The main goal is to enhance compression, performance. 

The advantage of this paper is that it explains the standardization process. The disadvantage of this paper is that the desired 

efficiency of video compression couldnôt be achieved to that extent. 

 
¶ Yunqing Ye and Shuying Cheng [3] Implement  2D-DCT Based on FPGA with Verilog HDL Discrete Cosine Transform is 

widely used in image compression. This paper describes the FPGA implementation of a two dimensional (8×8) point Discrete 

Cosine Transform (8×8 point 2D-DCT) processor with Verilog HDL for application of image processing. The row-column 

decomposition algorithm and pipelining are used to produce the high quality circuit design with the max clock frequency of 

318MHz when implemented in a Xilinx VIRTEX-иPRO FPGA chip. 

 

 

 

¶ Anas Hatim, S.Belkouch [5] Efficient hardware architecture for direct 2D DCT computation and its FPGA Implementation- 

In this paper, we propose a low complexity architecture for direct 2D-DCT computation. The architecture will transform the 

pixels from spatial to spectral domain with the required quality constraints of the compression standards. In our previous 

works we introduced a new fast 2D DCT with low computations: only 40 additions are used and no multiplications are 

needed. Based on that algorithm we developed in this work a new architecture to achieve the computations of the 2D DCT 

directly without using any transposition memory. We defined Sk functions blocks to build the 2D DCT architecture. The Sk 
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block perform 8 function depending on the control signals of the system. The number of additions/subtractions used is 63, but 

no multiplication or memory transposition is needed. The architecture is suitable for usage with statistical rules to predict the 

zero quantized coefficients, which can considerably reduce the number of computation. We implemented the design using an 

FPGA Cyclone 3. The design can reach up to 244 MHz and uses 1188 logic elements, and it respect the real time video 

requirements. 

 

PROPOSED WORK : 

1D DCT : The N-point DCT and inverse DCT (IDCT) of N-point sequence x(n) is defined as [1]: 
 
 
 
 
 
 
 
 

 
                                       Where, 

 

2D DCT : Mathematical representation of N x N point 2D DCT can be written as 
 
 
 
 

 
          Where, 

 

 
 x(m,n) is 2D input data and X(k,l) is transformed DCT coefficients. 
 
Equation for 2D-DCT can be written as follows: 
 
 
 
 

 
In  above  equation 

 
represent  1D 
 
DCT of columns of x(m,n).  

 

Therefore it is concluded that calculating 1D DCT of columns followed by 1D DCT of rows results in 2D DCT coefficients of 2D 

input data.Using the separability property of 2-D DCT/IDCT the 2-D transform can be carried out with two passes of 1-D transforms. 

allows the transform to be applied on one dimension (row) then on the other (column).  
Parallel synthesizable implementation of 2D DCT in VHDL. By default it would work on 8 bit input data using 12 bit DCT 

coefficients (12-bit DCT output). Multiplier-less design, parallel distributed arithmetic with butterfly computation would be used. 

Implementation would be done as row-column decomposition, two 1D DCT units and transpose matrix between them (double 

buffered as ping-pong buffer for performance). Following is the probable block diagram for 2D DCT structure using two 1D DCT 

blocks; one for row and one for column.  
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To implement VHDL code in Xilinx Self-verifying testbench would be written which would include take matlab-converted image as 

input.Designed core would transforms it to DCT coefficients and behavioral IDCT testbench code would reconstruct original image 

from it. PSNR would be computed between original and reconstructed image to find out error introduced by fixed point arithmetic. 

 In addition Matlab scripts would be written for computing floating point DCT/IDCT as reference for cross checking the DCT values 

calculated by our designed core. Also, scripts for converting 8 bit bitmap to txt format would be needed so that it becomes readable by 

testbench and vice versa. 

Finally, designed core would be tested on Spartan 6 or Virtex 5 FPGA board as per decided by the memory required for our code.For 

reconfigurable structures so that it can work with 16, 32 bits etc, we have to just increase the ROM memory sizes and the input data 

feed line width. But it would take more latency in our parallel pipelined structure as the no. of bits increase. 

 

 

CONCLUSION 

In this paper we have proposed  a very low complexity DCT approximation by the row column decomposition for computation of 2D-

DCT. Parallel process causes latency in the system. Using the Row-Column decomposition algorithm, the number of calculations are 

logically reduced. The row column decomposition method reduces the hardware complexity as per the other methods. 
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Abstractð Water is basic necessity of life used for many purposes one of which is industrial use. Industries generally take water 

from rivers or lakes but they have to pay heavy taxes for that. So itôs necessary for them to recycle that to reduce cost and also 

conserve it. Main function of Effluent Treatment Plant (ETP) is to clean industry effluent and recycle it for further use. Many 

manufacturing industries produce their products with using water. With their products industries produce wastewater, otherwise 

known as effluent, which can be removed with the help of an effluent treatment plant (ETP). Manufacturers face strict regulations on 

discharge and waste. Effluent from industries must meet the national effluent discharge quality standards (NEDQS) set by the 

Government. In this paper, we propose a few automated processes for a partial automation of the apartment which can be mostly used 

in residential areas and industries. It is developed using PLC. The main intent of the paper is to treat the waste water which can be in 

turn used for many other purposes and can be cost effective as well. 

 

Keywordsð PLC (Programmable Logic Controller), CV (Control Valve), ETP (Effluent Treatment Plant), Automation, pH, Sensor, 

Waste water Treatment 

INTRODUCTION 

Automation is basically the delegation of human control function to technical equipment. It uses controlled systems such as computers, 

PLCs, Microcontrollers to control machinery and processes to reduce the necessity of human involvement and mental requirements. 

Different types of controllers can be used to operate and control the equipment such as machinery, processes in factories, heat treating 

ovens and boilers, and other applications with minimal or reduced human intervention. Food/ Beverage, Chemical industries, Power, 

Machine Manufacturing, etc. are the few examples where we see the mechanization today. Most of the automation has been existing in 

industries from decades. But the shift for automation in home and apartments has popped in very recently. One can employ this kind of a 

system which enables an individual to supervise devices such as Lighting, Heating and ventilation, water pumping, gardening system, 

Overhead water flow control remotely or from any centralized location. Automatic systems are being preferred over manual system 

because they reduce individualôs effort. Similarly talking about apartment automation, by use of PLCs everything seems to be more 

accurate, reliable and more efficient than the existing controllers. 

As our paper is based on automation thus we can use both microcontroller and PLC. Microcontroller being an application oriented and 

can be programmed using C or Basic need some highly trained programmers to program it. Also microcontroller cannot withstand 

extreme conditions and cannot be reprogrammed. On the contrary, PLC is robust and can be programmed using ladder programming, 

structured text programming and functional block diagram programming which can be done easily and also it can be reprogrammed i.e. 

connections can be same but programming can be changed as per requirement. Thus comparing both of them, we found that there are 

more advantages of PLC than microcontroller except one fact that PLCs are costly. But on a long run, it works efficiently and its 

reliability is high. This is one of the factor due to which the cost can be neglected. 

BLOCK DIAGRAM 

The block diagram is shown in Fig.1 .The input action consists of a reservoir tank consisting of the waste water to be treated. The pump 

controlled by PLC pumps the water through a stainless steel mesh to filter macro particle macro particle like sand, stones etc. The next 

stage consists of the filter membrane which filter minute or dissolved particle present in the water. The system also allows the 

sedimentation to take place as the heavier particles settle at the bottom of the tank. The next stages consists of the flocculation, 

coagulation etc. as water treatment processes and the disinfection of water takes place by adding Alum, Sodium Bi sulphate and chlorine. 

The solenoid valves open and close according to the controlling action of PLC to allow the water treatment in different stages. Level 

sensors are applied in final tank to check the total amount or level of the waste water treated. The pH value of the treated water is checked 

if it lies in usable range the water is stored in the treated water tank and the untreated water i.e. the water which does not fulfil the  pH 

criteria is pumped back to the waste water reservoir and the whole process for effluent treatment is repeated again. The components 

required are as follows: 

Stainless steel mesh, Water Pump, Filter membrane, pH meter, Aluminum Sulphate (alum), Chlorine, Sodium Bisulphate, Level Sensors, 

Control Valves, PLC, LCD Display, PCB 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

59                                                                                                   www.ijergs.org   

 

Fig.1 Block Diagram of PLC based ETP 

 

Some of the components of the system are explained in brief below. 

PLC: The programmable logic controller is defined as a digital electronic device that uses a programmable memory to store instructions 

and to implement functions such as logic, sequencing, timing, counting and arithmetic words to control machines and processes as shown 

in Fig.2. Here it is controlling the input parameters like pH sensor and Level sensor and output parameters like pump, solenoid valves, dc 

motor and display. The MicroLogix 1500 (Allen Bradley) Programmable Controller contains a power supply, input circuits, output 

circuits, and a processor. The controller is available in 24 I/O and 28 I/O configurations. 

The hardware features of the controller are: 

 

 

Fig.2 PLC MicroLogix 1500 

pH sensor: It will sense the PH level of the waste water and is being controlled by PLC. A glass electrode is a type of ion-selective 

electrode made of a doped glass membrane that is sensitive to a specific ion. It is an important part of the instrumentation for chemical 

analysis and physio-chemical studies. In modern practice, widely used membranous ion-selective electrodes (ISE, including glasses) are 

part of a galvanic cell. The electric potential of the electrode system in solution is sensitive to changes in the content of certain type of 

ions, which is reflected in the dependence of the electromotive force (EMF) of galvanic element concentrations of these ions.It is shown 

in Fig.3. 

A typical modern pH probe is a combination electrode, which combines both the glass and reference electrodes into one body. The 

combination electrode consists of the following parts (see the drawing): 

1. A sensing part of electrode, a bulb made from a specific glass 

2. Internal electrode, usually silver chloride electrode or calomel electrode 

3. Internal solution, usually a pH=7 buffered solution of 0.1 mol/L KCl for pH electrodes or 0.1 mol/L MeCl for pMe electrodes 

4. When using the silver chloride electrode, a small amount of AgCl can precipitate inside the glass electrode 

5. Reference electrode, usually the same type as 2 

6. Reference internal solution, usually 0.1 mol/L KCl 

7. Junction with studied solution, usually made from ceramics or capillary with asbestos or quartz fiber. 
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8. Body of electrode, made from non-conductive glass or plastics. 

 

 

Fig.3 pH Electrode 

The bottom of a pH electrode balloons out into a round thin glass bulb. The pH electrode is best thought of as a tube within a tube. 

The innermost tube (the inner tube) contains an unchanging 1×10
ī7

mol/L HCl solution. Also inside the inner tube is the cathode 

terminus of the reference probe. The anodic terminus wraps itself around the outside of the inner tube and ends with the same sort of 

reference probe as was on the inside of the inner tube. It is filled with a reference solution of 0.1 mol/L KCl and has contact with the 

solution on the outside of the pH probe by way of a porous plug that serves as a salt bridge. 

Pump: It is acting as booster which will boost the flow of liquid through it. It is acting as an output parameter for PLC. It is shown in 

Fig.4. 

 

 

Fig.4 Submersible Pump  

Solenoid Valve: A solenoid valve or solenoid actuated valve is basically an electrical valve that controls the flow of media either 

open/closed or diverting my means of an electro magnet or solenoid. The principles are based around a thin copper wire wound around 

a bobbin or core (The solenoid) in such a way that when electrical energy is applied a sufficient magnetic field is generated to provide 

a lifting force to a ferromagnetic stainless steel armature within the solenoid valve armature assembly which in turn will directly or 

indirectly change the position of the valve. It is acting as an output parameter for PLC.A solenoid valve is an electromechanically 

operated valve. The valve is controlled by an electric current through a solenoid: in the case of a two-port valve the flow is switched 

on or off; in the case of a three-port valve, the outflow is switched between the two outlet ports. Multiple solenoid valves can be placed 

together on a manifold. Solenoid valves are the most frequently used control elements in fluidics. Their tasks are to shut off, release, 

dose, distribute or mix fluids. They are found in many application areas. Solenoids offer fast and safe switching, high reliability, long 

service life, good medium compatibility of the materials used, low control power and compact design. Besides the plunger-type 

actuator which is used most frequently, pivoted-armature actuators and rocker actuators are also used.It is shown in Fig.5. 
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Fig.5 Solenoid Valve 

DC Motor: A dc motor is being controlled by PLC. It will operate the stirrer. A DC motor is any of a class of electrical machines that 

converts direct current electrical power into mechanical power. The most common types rely on the forces produced by magnetic 

fields. Nearly all types of DC motors have some internal mechanism, either electromechanical or electronic; to periodically change the 

direction of current flow in part of the motor. Most types produce rotary motion; a linear motor directly produces force and motion in 

a straight line. DC motors were the first type widely used, since they could be powered from existing direct-current lighting power 

distribution systems. A DC motor's speed can be controlled over a wide range, using either a variable supply voltage or by changing 

the strength of current in its field windings. Small DC motors are used in tools, toys, and appliances. The universal motor can operate 

on direct current but is a lightweight motor used for portable power tools and appliances. Larger DC motors are used in propulsion of 

electric vehicles, elevator and hoists, or in drives for steel rolling mills. The advent of power electronics has made replacement of DC 

motors with AC motors possible in many applications. It is shown in Fig.6. 

 

 

Fig.6 DC Motor 

LCD Display:  It will display the parameters like pH value, level of liquid and project name. LCD stands for L iquid Crystal Display. 

It is shown in Fig.7.LCD is finding wide spread use replacing LEDs (seven segment LEDs or other multi segment LEDs) because of 

the following reasons:  

¶ The declining prices of LCDs.  

¶ The ability to display numbers, characters and graphics. This is in contrast to LEDs, which are limited to numbers and a few   

characters.  

¶ Incorporation of a refreshing controller into the LCD, thereby relieving the CPU of the task of refreshing the LCD. In 

contrast, the LED must be refreshed by the CPU to keep displaying the data.  

¶ Ease of programming for characters and graphics.  
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These components are ñspecializedò for being used with the microcontrollers, which means that they cannot be activated by standard 

IC circuits. They are used for writing different messages on a miniature LCD. 

 

 

Fig.7 LCD Display 

A model described here is for its low price and great possibilities most frequently used in practice. It is based on the HD44780 

microcontroller (Hitachi) and can display messages in two lines with 16 characters each.  

It displays all the alphabets, Greek letters, punctuation marks, mathematical symbols etc. In addition, it is possible to display symbols 

that user makes up on its own. 

General process diagram of PLC based ETP plant is: 

PROCESS EXPLAINATION  

 

       Fig.8 Process Diagram 

The process of ETP mainly consists of four stages: 

¶ preliminary 

¶ primary 

¶ secondary 

¶ tertiary(advanced) 

And treatment of three types 
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¶ physical 

¶ chemical 

¶ biological 

In this diagram there are total six tanks including storage tank. Tank 1 contains waste water or untreated water or water containing 

effluents that has to be treated, is pumped to the tank 2 by the pump or dc motor. 

In tank 2, the first stage takes place i.e. preliminary. 

There are three processes in this stage i.e., screening, sedimentation and clarification. 

¶ In screening process a screen with openings of uniform size is used to remove large solids such as plastics, cloth etc.. 

Maximum 10mm shall be used. 

¶ Sedimentation process is a physical water treatment process using gravity to remove suspended solids from water. 

¶ Filtration is a physical operation which is used for separation of solids from fluids. 

All the above processes are physical in nature. 

There is a valve CV-1 which allows the passage of treated water of first stage to tank3 for further treatment. 

In tank 3, second stage takes place i.e. primary stage. 

In this stage various floating and settable materials like suspended particles and organic materials are removed and pH value is 

maintained. In order to check the pH value, pH meter is used. 

pH Control : It is necessary to adjust the pH in the treatment process to make the wastewater pH neutral. Various chemicals are used 

for pH control. For acidic wastes (low pH) sodium hydroxide, sodium carbonate, calcium carbonate or calcium hydroxide, may be 

added among other things. For alkali wastes (high pH)sulphuric acid or hydrochloric acid may be added. pH maintained water pass to 

the tank 4 through valve i.e. CV-2  in which process of coagulation takes place which is another process of primary stage. 

Coagulation: Coagulation is a complex process but generally refers to collecting into a larger mass the minute solid particles 

dispersed in a liquid. Chemical coagulants such as aluminum sulphate (alum) or ferric sulphate may be added to wastewater to 

improve the attraction of fine particles so that they come together and form larger particles called flocs. Coagulation requires gentle 

mixing of particles which is done with the help of stirrer operated by dc motor. 

The processes of primary stage are physical and chemical in nature. 

Depending upon the possibility of the presence of biological wastes like bacteria or nature of the waste water, secondary stage 

treatment can be done in this stage also. If water consist waste like harmful bacteria and other biological effluents then water is treated 

under secondary treatment or biological treatment. The objective of biological treatment of industrial wastewater is to remove, or 

reduce the concentration of, organic and inorganic compounds. Biological treatment process can take many forms but all are based 

around microorganisms, mainly bacteria. Biological treatment plants must be carefully managed as they use live microorganisms to 

digest the pollutants. It consist two main processes i.e. Aerobic and Anaerobic. These processes are biological in nature. The treated 

water from tank 4 pass to the filter from third valve CV-3.Filter allows the water to pass to the tank 5 through valve CV-4 and in tank 

5 final stage of treatment i.e. tertiary or advanced stage takes place. 

· Tertiary treatment is the final cleaning process that improves wastewater quality before it is reused, recycled or discharged to 

the environment. 

·  The treatment re Tertiary moves remaining inorganic compounds, and substances, such as the nitrogen and phosphorus. 

·  Bacteria, viruses and parasites, which are harmful to public health, are also removed at this stage.  Alum is used to help 

remove additional phosphorus particles and group the remaining solids together for easy removal in the filters.  

·  The chlorine contact tank disinfects the tertiary treated wastewater. 

·  Chlorine removes microorganisms in treated wastewater including bacteria, viruses and parasites. 

·   Any remaining chlorine is removed by adding sodium bisulphate just before it's discharged.  

The process of this stage are physical, chemical and biological in nature. The water from tank 5 is completely treated water ready for 

discharge or further use can be collected in storage tank after passing through valve CV-5. 

The figure 9 shows the flow diagram of the process.  

First of all the waste water from the waste water tank is pumped to the screening section where all the solid waste are removed. Then 

after clearance control valve CV-1is activated .This stage is the pH testing stage. There exists a condition if pH sensor detects that the 

pH value is greater than 7, then it is basic waste so for that CV-2 is activated and to neutralise the effect of basicity, some acid is 

added like HCl. In a similar context, if pH value is less than 7, being an acidic waste CV-3 is activated and base NaOH is added. In 

next stage, Stirrer is being driven by dc motor and coagulant alum is being added. After that control valve CV-4 is activated, in this 

stage filtration of water is done where flocs are removed after that control valve CV-5 is activated. Now stabilization and disinfection 

of water is done by adding alum, sodium bisulphate and chlorine. After this stage is over control valve CV-6 is activated and water is 

stored in the reservoir tank which is fitted with level sensor that will show the level water being treated.  
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Fig.9 Flow Diagram of Process 

 

CONCLUSION 

The treatment of contaminated water can be done with the ETP, which is a effluent treatment plant clean up the industry effluents, 

polluted water from rivers, lakes, etc. So, they can be recycled for further use. Thus, water is recycled and stored. Water is one of the 

most important natural resource that is one of the basic necessities in human life. Water is used for a number of purposes, but it is used 

mainly for drinking.  Apart from household uses, it is also use for several industrial purposes.Though water is found in abundant in 

nature, yet most of it is contaminated, and therefore it needs to be treated so that it can be recycled. The treatment of contaminated 

water can be done with the ETP, it is an effluent treatment plant that cleans the effluents form the industry,  polluted water from rivers, 

lakes etc  so that it can be recycled for further use. In this way, water is recycled and conserved.  It is technically proven that any kind 

of pollutant can be removed from such effluent by the use of the water treatment plant. Again the treatment of these effluents is treated 

depending on the type of industries. 

The ETP has a great role to play in discharging the contaminated and polluted water before releasing it back to the environment. 

Without these water treatment plants, we would not be able to get clean water for domestic uses. 

By using PLC the cost effective automation system for residences can be developed and it is very user friendly for the operator or 

control engineer to trouble shoot the process if any errors occurs and can also be kept track of what is happening in the process. 
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This kind of implementation has many advantages. Some of them are: 

¶ Increased level of comfort and time saving.  

¶ Time and money saving during maintenance. 

¶ Effective monitoring of the processes. 

¶ Improved plant Reliability and life. 

¶ Flexibility on change of building use. 

¶ Remote monitoring of plants like water treatment plant or electrical supply, etc. 

¶ Ease of storing reports of the systems. 

By using PLC based automation in and around residences or apartments, we can lead to a better,comfortable life by reducing costs and 

improve the quality of life. 
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Abstract- In twenty first century mobile cellular communication is playing a vital role in our day to day life. The vast usage of 

mobile services has given birth to various security issues and errors in data communication. To sort out these issues it is essential to 

choose an effective coding technique to improve the Bit Error Rate and to provide timely security in 4G technology by performing 

various simulations. The main objective of this paper is to develop better codes to get one of the best BER Performances under the 

above mentioned conditions by performing various simulations. The performance of MC-CDM is to be evaluated using the best codes 

in Additive White Gaussian Noise (AWGN) and Rayleigh fading channel. The performance of MC-CDMA   is evaluated by 

Computer simulation and control the bit error rate (BER) as a function of bit energy to noise density ratio (Eb/No). 

Keywords- Multicarrier, BER, CDMA, Multipath Fading, Coding Techniques, Channel Noises. 

 

I. INTRODUCTION  

Future wireless communication systems must be able to accommodate a large number of users and at same time to provide the high 

data rates at the required quality of service. MC-CDMA is taking the advantage of two advanced technological concepts of wireless 

communications such as the code division multiple access (CDMA) and orthogonal frequency division multiplex(OFDM), especially 

in the multiple access capability, high spectral efficiency, robustness in the case of frequency selective channels, simple one-tap 

equalization, narrow-band interference rejection and high flexibility of the MC-CDMA. The outlined potential properties of the MC-

CDMA represent the fundamental reasons, why MC-CDMA has been receiving a great attention over the last few days and has been 

considered a promising candidate for the future advanced wireless communication systems. 

                   One of the major requirements are posed to the MC-CDMA is to reach the date rate at the acceptable complexity and 

acceptable bit error rate (BER) for the defined number of the active users. Mostly the Global System for Mobile telecommunications 

(GSM) technology is being applied to fixed wireless phone systems in rural areas or Australia. However, GSM uses time division 

multiple access (TDMA), it has a high symbol rate to prevent problems with multi path causing inter-symbol interference. 

 Multiple techniques are consideration for the feature generation of digital mobile systems, with the aim of improving cell 

capacity, multi path immunity, and flexibility. These include CDMA as well as OFDM. Both techniques could be used for rural areas 

to providing a fixed wireless system. Every technique as different properties, specific applications making it more suited. OFDM is 

currently being used in more new radio broadcast systems and the proposal for High Definition Digital Television (HDTV) and 

Digital Audio Broadcasting (DAB). However, small research has been done into the use of CDMA and OFDM as a transmitter and 

receiver for cellular mobile systems. 

II. MULTIPLE ACCESS TECHNIQUES  

Multiple access schemes are used to allow many simultaneous users to use the same fixed bandwidth radio spectrum. In any radio 

system, the bandwidth allocated is always limited. For mobile phone systems the total bandwidth is typically in MHz i.e., 50MHz, 

which is split in half to provide the forward and reverse links of the system. Sharing of the spectrum is required in order increase the 

user capacity of any wireless network [2]. TDMA, FDMA and CDMA are the three major methods of providing the available 

bandwidth in to multiple users in wireless system. However, an understanding of these methods we required for understanding of 

extensions to these methods. 

A. Time Division Multiple Access: 

Time Division Multiple Access (TDMA) divides the available spectrum into multiple slots divided with time, by giving a time slot in 

transmit or receive to each user. Figure 3 shows how the time slots are provided to users in a round robin fashion, with each user being 

allotted one time slot per frame. 

 

Ch 1 Ch 2 é Ch N Ch 1 Ch 2 é Ch N 

 

                           Frame                                                                           Time  

    

Fig.1.TDMA scheme where each user is allocated a small time slot 

 

TDMA systems transmit data in a buffer method, so the transmission of each channel is non-continuous. The input data to be 

transmitted is buffered over the past frame and burst transmitted at a higher rate during the time slot for the channel shown fig.1. 
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Analog signals cannot send directly in TDMA because it required buffering, thus are only used for transmitting digital data. TDMA 

can suffer from multi path effects, as the transmission rate is generally very high. This leads the multi path signals causing inter-

symbol interference. 

 This is used to reduce the effect of delay spread on the transmission. Several users can transmit of the one channel. This 

transmission technique is used by most second generation mobile phone systems. 

 
 

Fig.2. TDMA / FDMA hybrid, showing that the bandwidth is split Frequency Channels and time slots 

 

B. Frequency Division Multiple Access: 

The available total bandwidth is subdivided into a number of narrower band channels in Frequency Division Multiple Access (FDMA) 

and allocated a unique frequency band in transmit and receive to each user. No other user can use the same frequency band during a 

call. Each user is allocated a forward link channel (from the base station to the mobile) and a reverse channel (mobile to the base 

station), this are a single way link. 

 
Fig.3. FDMA spectrum, where the available bandwidth is subdivided into narrower band channels 

 

            The bandwidths of FDMA channels are very low approximately 30 kHz and each channel only supports only one user. FDMA 

is used is used as part of most multi-channel systems [3]. Figure shows the allocation of the available bandwidth into several Channels 

explained in Fig.3. 

 
Fig.4. FDMA showing that the each narrow band channel is allocated to a single user 

C. CDMA: 

                        CDMA technology was originally developed by the military during World War II researches were spurred into 

communicating that can be secure and work in the presence of jamming [4]. A CDMA system is a multi-user spread spectrum system 

that eliminates the frequency reuse problem in cellular systems shown in Fig.5. 

 Unlike TDMA and FDMA systems, where user data never overlap in either the frequency domains or the time domains, 

respectively, a CDMA system allows transmissions at the same time while using the same frequency. For example, in the first 
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widespread commercial CDMA system, the mechanism separating the users in a CDMA system consists of assigning a unique code 

that modulates the signal from the each user. The unique codes in a CDMA are equal to the number of active users. The code 

modulating the userôs signal is also called a spreading code, spreading sequence, or chip sequence. 

 

 
 

Fig.5. CDMA View 

 

 

D. OFDMA:  

The multicarrier transmission technique is OFDM, which divides the available spectrum into many carriers like Fig.6, each one being 

modulated by a low rate data stream. It has high popularity because of its capability to transmit effective data rate in a mobile 

environment, which makes a highly hostile radio channel. This method has been used in the implementation of (High Performance 

LAN (HIPERLAN/2), IEEE standard 802.16 and 802.11a. 

 OFDM is similar to FDMA the multiple user access is achieved by subdividing the total bandwidth into number of channels 

that are provided to users. OFDM more efficiently uses the total spectrum with closer spacing the channels together [6]. This is 

achieved by all the carriers orthogonal to one another by spacing them at integer multiples of the frequency. When the powers of the 

other subcarriers are null then the peak power of one subcarrier occurs, thereby countering any effect of interference. 

 The OFDM signal can be to represented as to generate OFDM successfully all the carriers must be controlled to maintain 

orthogonality of the carriers. This particulate reason, OFDM is generated by firstly choosing spectrum required, based on the input 

data, and modulation scheme used. Each carrier to be individually produced is assigned data to transmit. 

 The required phase and amplitude of the particular carrier is then calculated based on the modulation scheme (typically 

differential BPSK, QPSK, or QAM). The required spectrum is converted back to its actual time domain signal using an Inverse 

Fourier Transform. Present in most applications, an Inverse Fast Fourier Transform (IFFT) is also used. The IFFT performs 

transformation most efficiently, and provides a simple way of the carrier signals produced orthogonal. 

OFDM Carriers Spectrum 

 
Fig.6. Model graph of OFDMA 

                               The Fast Fourier Transform (FFT) is transforms a cyclic time domain signal into its equivalent frequency 

spectrum. This is done by finding its equivalent waveform, and it generated by a sum of orthogonal sinusoidal components. The 

amplitude and phase of the sinusoidal there components represent the frequency spectrum of the time domain signal. The IFFT 

performs the back process, converting a spectrum (phase and amplitude of each component) into a time domain signal. Number of 

complex data points converts by IFFT, of length that is a power of 2, into the time domain signal of the same number of points. For an 

FFT or IFFT each data point in frequency spectrum is used so it is called a bin. 

 

E. OFDMA Transmitter and Receiver: 

For the OFDM signal the orthogonal carriers required and it can be easily generated by setting the amplitude and phase of each 

frequency bin, then performing the IFFT. Each bin of an IFFT corresponds to the phase and amplitude of a set of orthogonal sinusoids, 

the reverse process guarantees that the carriers generated are orthogonal. OFDM is almost similar to FDMA in that the multiple user 

Frequency Time 
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access is achieved by subdividing the available total bandwidth into multiple channels that are then allocated to users. OFDM uses the 

spectrum more efficiently by spacing the channels very closer together. This is achieved by to make all the carriers orthogonal to one 

to other by spacing them at integer multiples of the symbol frequency 

 

 
 

Fig.7. OFDMA Transmitter and Receiver 

 Thus, the peak power of one subcarrier occurs when the power of the other subcarriers are null, thereby countering any effect 

of interference. The Inter Symbol Interference (ISI) problem arising in OFDM can be removed by introducing certain guard bands 

between the subcarriers. This can be completely eliminated if the symbol is cyclically extended, by repeating the first part of the block 

at the end. The receiver can then operate on the part of the signal beyond the ISI with the only side effect a phase shift on each sub-

carrier. 

 

III. ADVANCED METHOD MC -CDMA  

The MC-CDMA system has been considered as one of the possible candidates for the next generation of wireless communications. 

The MC-CDMA system divides the available bandwidth into a large number of narrow subchannels and spreads each data symbol in 

the frequency domain by transmitting all the chips of a spread symbol at the same time but in different orthogonal subchannels. One of 

the properties of multicarrier transmission is that the channel gain of each subchannel is different from the other. The inner product of 

different spreading codes will no longer be zero since the MC-CDMA systems spread transmitted symbols in a non-flat fading channel 

[7]. 

 

 
MC-CDMA Tx                        MC-CDMA Rx 

Fig.8. MC-CDMA block diagram 

 The internal blocks of MC-CDMA are transmitter and receiver.MC-CDMA transmitter section has CDMA, OFDM 

transmitters same as MC-CDMA receiver section has CDMA, OFDM receivers. in transmitter part encoder followed by mapper 

(QPSK or BPSK). The block of interleaving labelled in the presented scheme, multilevel sequence of complex numbers in M-array or 

BPSK modulation formats. The spread symbols are modulated by the multi-carrier modulation and it implemented by the Inverse Fast 

Fourier transformation operation (IFFT). After parallel-to-serial (P/S) conversion, the cyclic prefix (CP) is inserted in order to mitigate 

the inter-symbol interference (ISI) caused by the frequency-selective fading channel and The receiver consists of the serial-to-parallel 

converter (S/P), blocks of the Fast Fourier Transformation (FFT), channel equalization (EQ) using zero forcing method, CP removal 

Matched filters (MF), transformation, decision device, inverse  block and finally decoding block. 
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                                                          Fig.9. MC-CDMA internal block diagram  

 

IV. NOISE IN COMMUNICATION CHANNEL  

Within any communication channel, there is always noise present due to other surrounding radio signals. These noise can be white 

(colorless) or colored noise, and with interact differently with the transmitted user signal, for instance, the interaction can be additive, 

multiplicative or complex. In communication systems, the transmitting signal is much Vulnerable to noise especially with in the 

communication channel. Mostly in wireless channel considered AWGN and Rayleigh noise. 

 

A. White Noise: 

White noise is a type of noise that is often exists in communication channels. Compare to any other types of noise it is different, hence 

the fact that its Power Spectral Density (PSD) is independent of the operating frequency the word "Whiteò is used in the sense that 

white Light contains all other visible light frequencies in the band of electromagnetic radiation. 

 

B. Rayleigh noise: 

The Rayleigh fading channel is mostly applied in case when there is no LOS between RX and Tx. Mostly channel also adds AWGN 

noise to the signal samples after it suffers from Rayleigh fading. The Rayleigh probability density function is given by 

 

Received signal Y = hX + n, 

 

 Where X i s Tx signal, h is Rayleigh fading response and n is AWGN. 

 

      (1) 

 Where ů 
2 
is known as the fading envelope of the Rayleigh distribution, in theoretical BER for BPSK Rayleigh fading 

 

 P b=1/2 erfcã(E b/No)                                 (2) 

 

 In theoretical BER for BPSK Rayleigh fading with AWGN channel 

 

 P b=1/2 (1-ã((E b/No)/1+(E b/No)))                                (3) 

 

 Here we using spreading codes before IFFF process so, the spreading codes are Long PN sequence, Walsh coding and Gold 

code. 

 

V. CODE GENERATORS: 
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A. Long PN sequence: 

A Long PN sequence is uniquely assigned to each user and it is a periodic long code with Period 2^42 -1. There are two reasons for 

using the long PN sequence. 

 

1.  Channelization the base station separates forward channel traffic by applying different Sequences to different subscribers 

2.  Privacy Each user uses different long codes, and due to the pseudorandom nature of the Codes, due to they are difficult to 

decode as different sequences are orthogonal to each other. 

 

 
Fig.10. Generating PN sequences 

 Here are two ways for generating the long PN sequence. First technique uses the Electronic Serial Number (ESN) of the 

subscriber to generate the long PN sequence and is therefore publicly known if the ESN is known. Second technique generates the 

long PN sequence Using keys that are known only to the base station and subscriber unit, providing a level of Privacy and preventing 

simple de-spreading In is-95,it is derived from an M-sequence with m =42 (shift register length). The greater polynomials are a Long 

Code Mask for generating long PN sequences is illustrated in Fig.10. 

 

B. Orthogonal hadamard code: 

Walsh coding is also called as Hadamard code. Walsh coding and it performed after data scrambling in the transmitter. Each data 

symbol coming Out of the scrambler is replaced by 64 sequence of Walsh chip. Each 64 Walsh chip sequence corresponds to a row of 

the 64 by 64 Walsh matrix (also called a Handmaid matrix).The Walsh matrix contain one row of all zeros, and the remaining Rows 

each have an equal number of ones and zeros and Figure3.5shows how a Walsh matrix is generated. 

 

 

 
 

 

 And 

 

 
 

 

Ὄ = 
 Ὄ Ὄ    

Ὄ  Ὄ
 =   Ὄ         Ὄ  

 

Hadamard Matrix formation  

Each subscriber is assigned a different row of 64 Walsh chips, depending on the channel Number which it is using, and each 

subscriber occupies a different channel. For example, if a Subscriber uses 23rd channel, each symbol of the subscriber's scrambled 

data symbol stream is processed using the 64 Walsh chips of the 23 row of the Walsh matrix. The symbol is simply replaced by the 
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23
rd
 row Walsh chips when the scrambled data symbol is a 0. On the other hand if the data symbol is a1, the symbol is replaced by the 

bit-inverted version of the 23 Row Walsh chips. As a result, Walsh coding increases the data rate from 19.2ksps to 1.2288Msps. 

C. Gold code: The Gold Sequence Generator block uses two PN Sequence Generator blocks to generate the preferred pair of 

sequences, after those XORs to produce the output sequence as shown in Fig.11. 

 The Gold Sequence Generator block generates a Gold sequence. It forms a large class of sequences that have good periodic 

cross-correlation properties. The Gold sequences are defined using a specified pair of sequences u and v, of period N = 2
n
 - 1, called a 

preferred pair, and defined in Preferred Pairs of Sequences below. 

 

 
 

Fig.11. Gold code 

 

                    The set G(u, v) of Gold sequences is defined. Where T represents the operator that shifts vectors cyclically to the left by 

one place, and represents addition modulo 2. Note that G(u,v) contains N + 2 sequences of period N. It is Generator block outputs one 

of these sequences according to the block's parameters. Gold sequences have the property that the cross correlation between any two, 

or in between shifted versions of them. 

 

 

VI. SIMUL ATION  RESULTS 

The performance of MC-CDMA over AWGN channel using both orthogonal Hadamard as well as random codes can be seen in Fig. 

respectively. We can see that the MC-CDMA performance with orthogonal Hadamard codes does not degrade as the number of user 

increases, and it degrades with number of users when random codes are used. This is because of cross correlation between random 

codes increases with the number of users. We can expect when random codes are used over Rayleigh fading channel and AWGN 

channel, the performance of MC-CDMA will degrade more significantly because cross correlation between random codes will be 

affected by Rayleigh fading channel and AWGN channel 

 

 
Fig.12.BER Vs Eb/No using Walsh code. 

In Fig.12 specifies BER of detected userôs with Walsh code. 
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Fig.13.BER Vs Eb/No using PN code. 

In Fig.13 specifies BER of detected userôs with PN code. 

 
 

Fig.14.BER Vs Eb/No using Gold code. 

 

 

In Fig.14 specifies BER of detected userôs with Gold code. 

 

 

VII. CONCLUSION  

                                In MC-CDMA process both Additive White Gaussian Noise (AWGN) and Rayleigh fading channel noises are 

occur in cellular systems. These noises are evaluated by the performance of MC-CDMA with Long PN sequence, Gold code and 

Orthogonal Hadamard codes. Simulation is carried out to the performance of MC-CDMA as well as control the bit error rate (BER) as 

a function of bit energy to noise density ratio (Eb/No). Multicarrier CDMA needs more attention for future implementation on 

wireless data transmission systems. These codes are unique for each user so data reconstruction is much secured. MC-CDMA features 

are narrow-band interference rejection, high spectral efficiency, multiple accessing capability, frequency selective channels, simple 

one-tap equalization and flexibility. From the results Walsh (Hadamard) code has Good Bit Error Rate (BER) and Gold code has 

efficient Eb/No. 
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Abstractð Breast cancer is the most important cause of cancer death for women. Breast Cancer, the dreaded disease is one of the 

dominant causes of sufferings and death in modern world. Cancer is due to the uncontrolled proliferation of the bodyôs cells resulting 

in an abnormal growth or disruption of the bodyôs auto-regulation. Its cure rate and prognosis of the patient depends mainly on the 

early detection and diagnosis of the disease. Detection of Breast cancer in the body of the patient reveals through early symptoms in 

most of the cases. This study is aim to find out the feasibility of Breast cancer detection by systematic study of the risk factors. An 

expert system is developed based on supervisory neural network based learning approach, where in initially the input parameters and 

the output is mappable. 

Keywordsð Signal & Image processing, neural network, Transformed domain techniques, MATLAB, Microsoft Office Excel,       

CT scan  images ,Different domain Technique like DCT,FFT etc. 

INTRODUCTION 

         Breast Cancer disease is a new growth of tissue resulting from a continuous proliferation of abnormal cells that have the ability 

to invade and destroy other tissues. Cancer, which may arise from any type of cell and in any body tissue, is not a single disease but a 

large number of diseases classified according to the tissue and type of cell of origin. In the Indian scenario Breast Cancer disease has 

become a one of the vital cause of death for womenôs. Cancer deaths could be controlled to a large extent if this disease is diagnosed 

at an early stage and proper treatment is given to the patient. Knowledge-based expert systems, or expert systems, use human 

knowledge to solve problems that normally would require human intelligence. These expert systems represent the expertise 

knowledge as data or rules within the computer. These rules and data can be called upon when needed to solve problems. 

Mathematical models have been developed to predict output variable on the basis of input variable. The traditional approach involve 

simultaneous multiple linear regression analysis and backward elimination of variable to discriminate the most appropriate model. In 

contrast, new Artificial intelligence models, namely artificial neural networks, can solve problems of classification and estimation 

even in the presence of non-linear relationship between dependent and independent variable, or of a large database with numerous 

non-homogeneous variables, or both. The tumor is two types malignant and benign .A tumor does not invade the surrounding tissue 

called benign tumor. If tumor is invade and damage the surrounding of tumor called malignant tumor of cancer. Our objective was to 

develop a Computational Intelligence Techniques for distinguishing between benign and malignant pulmonary nodules by use of 

features extracted from CT Scan Images. 

Here, The CT scan images of benign and malignant tumor.                                                                                                                                              
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                   Figure a: Benign Tumor                                                         Figure b: malignant tumor  

 

RESEARCH METHODELOGY  

It is proposed to study Efficient Classification of Breast Tumor using Neural Classifier. Data acquisition for the proposed classifier 

designed for the diagnosis of Breast Cancer shall be in the form of CT Scanned and sonographic images. Image data will be collected 

from the different- different hospitals of the country .The most important uncorrelated features as well as coefficient from the images 

will be extracted .In order to extract features, statistical techniques, image processing techniques, transformed domain will be used.   

For detection of Breast cancer following technique will be used  

  Statistics, Image processing, Transformed domain techniques. The research work Softwareôs such as Matlab, Neuro solutions, XL 

Stat will be used.  

                                           

RESEARCH OBJECTIVE  

  1] To maintain the correctness & accuracy in the diagnosis of Breast cancer.   

  2] To increase the accuracy for the diagnosis of Breast cancer.   

  3] To reduce confusion between of benign tumor, malignant tumor.   
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LITERATURE SURVEY  

1] Artificial Neural Networks classifiers have been used in a variety of applications ranging from industrial automation to medical   

diagnosis. Because of its characteristics like fast learning, adaptability, fault tolerance, solving complex non linear problems 

efficiently, good recognition Neural Networks are being used in the medical domain to benefit the medical fraternity and patientôs 

community alike, as opposed to the conventional methods. In the present paper we have conducted a survey which includes a detailed 

review of the various applications where Neural Networks have been used in Breast Cancer diagnosis in the recent years. Neural 

Networks classifiers have been used in a medical diagnosis because of its characteristics like fast learning. 

2] A three-layer, feed-forward, artificial neural network with a back-propagation algorithm. And its outcome of research is this 

scheme has improved the diagnostic accuracy of radiologist who is differentiating benign from malignant pulmonary nodules on high- 

resolution CT. 

3] Neural-digital computer intelligence technique system based on a parameterized two-level convolution neural network and on a 

special multi label output encoding procedure. In this Receiver Operating characteristic (ROC) method with area under the 

ROC(Az)as the performance index. And its outcome of research It is proven to be promising and to be extensible, problem-

independent and applicable to other medical diagnostic task in 2-D image environment 

ACKNOWLEDGMENT 

     We are very grateful to our HVPM College of Engineering and Technology to support and other faculty and associates of ENTC 

department who are directly & indirectly helped me for these paper 

CONCLUSION 

          Use of the proposed Efficient Classification of Breast Tumor using Neural Classifier and Computational Intelligence Techniques 

will be result in more accurate and reliable diagnosis of Breast cancer disease. 
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Abstract- In 21st century the world facing problem of electricity, to overcome this problem worldwide many researches going on. 

Many of the worldôs largest growing industries as well as electricity producers companies said that around 30% of electricity is 

consumption worldwide for the application of refrigeration and air conditioning. The manufacturers of refrigerants and refrigeration, 

air conditioning equipment, governmental agencies, and environmental groups continue working together toward the goal of reduced 

environmental impact via reduced emissions and improved energy efficiency. Examples of progress are presented for several sectors 

of refrigeration and air conditioning, followed by projections for further significant reductions. Although this paper will emphasize 

environmental impact for power reduction. Looking forward refrigeration has adverse effect on environment. Further cooler uses 

water so as to give cool air outside, for this application much more quantity of water has been used every year. Also to make this 

efficient woods product known as ówood wool / khasô have been used which became a major reason of deforestation. To restrict all 

these, an attempt is made to have an optimized unit of refrigeration cum air conditioning which will overcome the problem of 

electricity required for running both the application so far and again help to save water and wood, also maintain an ecological balance 

between people and surrounding. Both the system will run on single cost of refrigerator so that the normal person can afford the 

system and will have pleasure to take a pleasant comfort. 

    Keywords: Refrigeration and Air conditioning, Optimized, Deforestation, Ecological Balance, Emphasize,     Consumption, 

Pleasant 

Introduction : 

Cooling systems like air conditioning, Refrigerator, Air Coolers, Water Cooler systems are high electric power consumption's; these 

systems also have huge impacts on the ecosystem.  A proper use or choice with an energy saving plan should be considered in order to 

make the development of ecosystem sustainable so that a harmony between people and environment could be formed. The best 

innovative work has done in 20th century was refrigeration where Refrigerator recognized and developed in earlier of 20th century 

and Air Conditioner is lately in that of 20th century. However it has become the prime necessity in 21st century. In over span of three 

decades, there is continuously increase in energy demand due to everlasting population increases in India. This has led to increase in 

pollution and power cost that cannot be afforded by normal person. The continuous cycling observed in those equipmentôs reduces 

their lifetime and increases power requirement. Worldwide acknowledge and said that refrigeration and air conditioning systems are 

responsible for roughly 30% of total energy consumption, therefore unquestionably with a major impact on energy demand. 

Researchers in many countries have been involved in developing refrigeration and air conditioning systems that deal with the 

drawbacks of conventional systems. The need of proper energy consumption is a worldwide concern and the big question arises for 

reducing energy wasting included proper used of energy and also how to lower power consumption. Instead of all these aim must be 

achieved without compromising comfort and other advantages brought by the use of energy, and with same efficiency and quality of 

installations. The concept of this project explores the possibility of combining four units i.e. Refrigerator and Air-Conditioner, Air-

Cooler, Water Cooler into a single unit, such that the running cost should be reduced. This is how we are trying to make the 

environment and a common person comfortable. By this product a normal person could have a sound sleep so that his productivity for 

the next day increases. 
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Fig. 1 Schematic diagram of Refrigeration Cycle (VCRS) 

Literature Review: 

 L.O.S. Buzelina, S. C. Amicoa, [1] et.al (2005) discuss on an alternative solution to reduce energy consumption in industrial 

refrigeration systems is proposed and introduced. A typical industrial refrigeration system was conceived, built and modified in the 

laboratory, receiving a novel power law control system, which utilizes a frequency inverter. The operation and energy consumption of 

the system operating either with the new control system or with the traditional onïoff control were compared to realistically quantify 

the obtained gains. In this manner, the measured temperature data acquired from several points of both systems and the energy 

consumption in kW h during a 24 h experimental run period are compared. From the experiment he concluded that the closed-loop 

power law controlled system shows a much smaller variation of the cold chamber internal temperature and electrical energy 

consumption economy of 35.24% in comparison with the traditional onïoff system, under the same operating conditions. 

 

U. V. Kongre, M. B. Salunkhe, [2] et.al (2013) discussed about the design contributions for evaporator, condenser and capillary tube. 

Based on conventional methodologies the design calculations were done. Further discusses the designed methods which are suitable 

for combined conventional air-conditioning and dispenser. 

Tassou and Qureshi, [3] et.al (1994) showed that the use of a frequency inverter in refrigeration for compressor speed control may 

cause harmonic distortions in the systems and a power factor reduction which, in turn, increases energy consumption. However, 

benefits such as a better temperature control and a lower response time for abrupt thermal load changes were also mentioned.    

M. Fande, A. M. Andhare [4] et.al (2015) discuss on the experimental investigation of the effect of HFC refrigerant R134a on a 

vapour compression refrigeration system by using two expansion devices with the conservation of energy by waste heat recovery 

system. He used two different evaporators for air cooling and water chilling respectively and a water cooled condenser is used to 

produce hot water. The existing system can be easily retrofitted as a waste heat recovery device and the existing R22 refrigerant can 

be replaced by R134a with minor modifications. After experimentation the maximum temperature achieved in water tank with 50 litre 

of water is 45 C during 3 to 4 working hour. After that performance of system decreases so it needs a regular use of that hot water 

which can be further used for household and industrial purposes.    
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Prof. S. K Gupta [5] et.al (2014) has discussed about the attempt he made to merge Domestic Refrigerator and Air conditioner into a 

combined system such that an ordinary man can have a sound sleep which automatically increases his working productivity for the 

next day.  To fullfilled it in minimum construction, maintenance and running cost, he made an attempt which is quite useful for 

domestic purpose so that his ultimate aim of the project that is those who cannot afford an Air Conditioner can have the comfort of Air 

Conditioner could be completed.  

S. A. Nada et.al [6] published a paper onñPerformance analysis of proposed hybrid air conditioning humidification-dehumidification 

system for energy saving and water production in hot and dry climatic regionò in which he discussed onThe objective behind the 

proposed system is energy saving and production of fresh water. 

J. K. Dabas et.al [7] discuss about his study on the behavior of performance parameters of a simple vapour compression refrigeration 

system while its working under transient conditions occurred during cooling of a fixed mass of brine from initial room temperature to 

sub-zero refrigeration temperature. The effects of different lengths of capillary tube over these characteristics have also been 

examined. It was concluded that Larger capillary tube decreases the tendency of refilling of evaporator but offers less óevaporator 

temperatureô effective in lower range of refrigeration temperature. Shorter capillary tube ensures higher COP initially but which 

deteriorates at a faster rate in lower temperature range. Capillary tube length must be optimized for maximum overall average COP of 

the system for the complete specified cooling job. 

Tarang Agarwal et.al [8] discussed in his  paper about a cost-effective method to increase the COP and utility of a domestic 

refrigerator using R-134a refrigerant. In his experiment a cabin was installed on the top of a domestic refrigerator with condenser coils 

of refrigerator serving as heating coils inside the cabin. Known quantity of water was heated by the condenser coils thereby increasing 

the overall COP of the refrigerator. Further, the utility was increased since it can serve the purpose of cooking (oven), geysers etc. 

Besides, the refrigerator may be used as conventional refrigerator by keeping the cabin door open in case of absence of heat sink. He 

was concluded that one can increase the COP upto 11% just by using a cabin on the top of the refrigerator unit. Further increase in 

COP is possible; however enhancements will involve higher costs.   

M.R. Abdelkader et.al [9] discuss on free cooling techniques can be used to substantially reduce energy costs. During cold weather, 

the outside ambient temp help in saving energy in refrigeration work. The minimum temperature of the ambient air supply enables 

free cooling technique to store fresh fruits and vegetables. This technique of energy-efficiency measure can save enough compressor 

electric power to pay for modulating damper installation costs in approximately one year. Free cooling has a kind of motorized 

damper that conducts the two flows of internal and external air. When the damper is open it takes the air necessary cooling directly 

from the exterior, excluding compressor operation. It starts the evaporator fan that takes external air if Texternal < Tinternal. A case 

study has been carried out for 17 Ton cooling load in a storage room and the COP can be reached to the only energy consumption is 

from the use of evaporative fans.  

Raman Kumar Singh [10] (2015) discuss about the Human comfort conditions deal with the conditions of environment around us, viz. 

hot and cold. The control of    temperature of air around us is done by controlling the output water from the water cooler. He made a 

novel idea to control air temperature around us by the incorporation of cooling system in a single unit.  This unit would be an 

economic utility at all places to provide comfort conditions to the people.  Faster, mightier & smaller is still the keyword for every 

invention and development he concentrate on the compactness and efficiency of every product.  Accordingly he have designed and 

fabricate an economical and reliable unit known as ˈWater Cum Room Cooler(Three in one air conditioner). 

Dr. U. V. Kongre, et.al [11] (2013) discuss about the multifunctional system he was built which gave output hot and cold water with 

hot and cold air . The paper introduced basic design principles and the test analysis performed in the laboratory also mentioned 

comfort conditions and suitable coefficient of performance with respect to atmospheric condition, without sacrificing the air 

conditioning output. The air-conditioner cum water dispenser was manufactured for air, water & air-water cycle combined. The air 

cycle provides good results with conventional optimum efficiency. The water cycle also predicts better results, but then water cycle 

alone is not useful. Hence the combine air conditioner cum dispenser by utilizing conventional air-conditioning. The dispenser gives 

required efficiency in terms of coefficient of performance. 

K. Nagalakshmi et.al [12] (2014) discuss about the design and performance analysis of refrigeration system using R12 & R134a 

refrigerants.The purpose he mentioned behind his research is to investigate behavior of R134a refrigerant. This includes performance 

and efficiency variations when it replaces R12 in an existing system as well as changes involved in maintaining the system charged 
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with R134a. After demonstration on his project he found that, from the results and graphs that COP of R12 is little greater than COP 

of R134a. Even though COP of R12 is greater than R134a it must be replaced with R134a because R134a refrigerant is non-toxic and 

does not flare up within the whole range of operational temperatures, Ozone depletion potential ODP=0, global warming potential 

GWP=0.25 and Estimated Atmospheric life EAL=16. Again in high temperature refrigeration facilities, specific cold-productivity 

when operating on R134a is also a bit higher than that of R12. Further increasing of dehumidifying ability of filter dehydrators due to 

high hygroscopic property of R134a system-synthetic oil.   

Vivek Sahu, Pooja Tiwari,et.al [13],(2013)  has published a paper on ñ Experimental Investigation of the Refrigerator Condenser by 

varying the fin spacing of the condenserò. This paper presents the experimental analysis of domestic refrigeration system by using 

wire operating parameters like heat transfer rate ,condenser pressure and condenser temperature , refrigerating effect is increased by 

using wire-on-tube condenser comparatively power consumption remain same as with air cooled condenser in a domestic 

refrigeration system. Therefore wire-on-tube condenser can replace the ordinary air cooled condenser in a domestic refrigeration 

system and in this he mentioned that Discharge pressure with small fins spacing is highest than the larger fins spacing used in same 

project. 

 

S. C. Walawade, B. R. Barve, et.al [14] has published a paper on ñDesign and Development of Waste Heat Recovery System for 

Domestic Refrigeratorò. The main objective of this paper is to study ñWaste Heat recovery system for domestic refrigeratorò. An 

attempt has been made to utilize waste heat from condenser of refrigerator. This heat can be used for number of domestic and 

industrial purposes. The study has shown that such a system is technically feasible and economically viable also he made an attempt to 

recover the waste heat from 165 L refrigerator used for domestic purpose and from this he concluded that this combination of 

refrigerator and food warmer is efficient and it will help to conserve an enormous amount of energy. 

Dr. A. G. Matani , Mukesh K. Agrawal     [15] has published a paper on ñEffect of capillary diameter on the power consumption of  

VCRS using different Refrigerantsò. In which he discussed about experimental study he was conducted to observe the Power 

consumption of different environmental friendly refrigerant mixtures (HC mixture and R401a) and he observed the effect of working 

parameters like diameter of capillary tube, working pressures and inlet water temperatures, which affect the power consumption of 

vapour compression refrigeration system. It was observed that R401a consumed more power than HC mixture and R134a, but there is 

less mass quantity of HC mixture and R401a is required in the same system. So there is less effect in environment due to leakage 

further he analysed a system with the new refrigerant blend as substitute for R134a was made and concluded that Power consumption 

per ton of refrigeration of HC mixture (R290/R600a) was lower than other two refrigerants at all working pressure and inlet water 

temperature at capillary diameter 0.050 inch. So it can be used as Working medium in air conditioning system. also Power 

consumption per ton of refrigeration of R401a is always higher than other two refrigerants, so it is not efficient in use in general 

purpose. 

Jala Chandramouli, Dr. E.V.Subbareddy [16] et.al (2015) has published a paper on ñDesign, Fabrication and Experimental Analysis of 

Vapour Compression Refrigeration System with Ellipse shaped Evaporator coil.ò In this paper he discussed about objective his project 

is to increase the performance of the system by increasing the heat transfer rate through the evaporator. Heat transfer from the 

evaporator increased by the changing the shape of the evaporator and by extended surfaces.He used to conduct an experiment for the 

ellipse shaped design evaporator of a vapour compression refrigeration system used for a domestic refrigerator of 165 litterôs 

capacity.By incorporating the ellipse shaped evaporator of the refrigeration system he concluded that the C.O.P enhance of by 1.5%, 

as a result of 1.5% increase in refrigeration effect and 1% reduction in compressor work and same in heat absorption.Further, system 

pressure is slightly increased, the ellipse shaped evaporator increases the C.O.P compared to existing evaporator, which is perhaps due 

to reduction in compressor work and increase in refrigeration effect. 

P. Sarat Babu, Prof. N. Hari Babu, [17] (2013) has published a paper on ñExperimental Study of A Domestic Refrigerator/Freezer 

Using Variable Condenser Length.ò In which he used to optimize condenser length for domestic refrigerator of 165 litres capacity. It 

may give a chance to find a different length other than existing length will give better performance and concluded that the optimum 

length of coil is 7.01m also through his experimental investigation he found that the optimum length of coil is 7.01 m instead of 

standard value 6.1m. 

S. B. Lokhande, Dr. S. B. Barve [18] (2014) has published a paper on ñDesign & Analysis of Waste Heat Recovery System for 

Domestic Refrigerator.ò In which he discussed the objective of his paper is to study ñWaste Heat recovery system for domestic 
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refrigeratorò. An attempt has been made to utilize waste heat from condenser of refrigerator. This heat can be used for number of 

domestic and industrial purposes. In minimum constructional, maintenance and running cost, this system is much useful for domestic 

purpose. It is valuable alternative approach to improve overall efficiency. From the results tabulated it can be concluded that with time 

the energy consumption of the refrigerator decreases for certain time and then it remain constant. The refrigerating effect keeps 

decreasing as the temperature difference between the refrigerant and article placed is decreased. The C.O.P. remains almost constant 

though it decreases a little bit. With hot case, as if we add up heating effect in desired effect, then the c.o.p. is increased. 

Adrian Mota-Babiloni, Joaquin Navarro-Esbri, et.al [19] (2015) has published a paper on  ñCommercial refrigeration- An overview of 

current Statusò in which he discussed about the most recent developments in commercial refrigeration available and also mentioned a 

good amount of results provided these systems, covering some advantages and disadvantages in systems and working fluids. He 

mentioned about latest researches which have objective of energy savings and to reduce CO2 indirect emissions due to the burning of 

fossil fuels. He also discussed about system modifications trigeneration technologies and better evaporation conditions control. 

Further he concluded as his paper reviews the state-of art of recent developments and contains and covers important topics such as 

supermarket refrigeration system energy efficiency, GHG emission control regulations, HFC phase-out and low GWP alternatives. 

The important point mentioned here is energy consumption analysis   of each supermarket is very important to identify the most 

beneficial energy saving techniques. From the analysis of supermarket he mentioned in paper, Among all Trigeneration is an 

interesting option in supermarkets that produces great energy and CO2 emission savings, especially when CO2 is the working fluid 

selected. New GHG regulations impose strong GWP limitations that are going to phase out currently used HFC refrigerants in 

commercial refrigeration. 

S. A. Nada, H. F. Elattar et.al [20] (2015) discussed about Performance of integrative air-conditioning (A/C) and humidificationï

dehumidification desalination systems proposed for hot and dry climatic regions. The proposed systems aim to energy saving and 

systems utilization in fresh water production. Four systems with evaporative cooler and heat recovery units located at different 

locations are proposed, analyzed and evaluated at different operating parameters. Other two basic systems are used as reference 

systems in proposed systems assessment. Fresh water production rate, A/C cooling capacity, A/C electrical power consumption, 

saving in power consumptions and total cost saving (TCS) parameters are used for systems evaluations and comparisons. After 

analyzing the system results show that the fresh water production rates of the proposed systems increase with increasing fresh air ratio, 

supply air temperature and outdoor wet bulb temperature, powers saving of the proposed systems increase with increasing fresh air 

ratio and supply air temperature and decreasing of the outdoor air wet bulb temperature, locating the evaporative cooling after the 

fresh air mixing remarkably increases water production rate, and incorporating heat recovery in the air conditioning systems with 

evaporative cooling may adversely affect both of the water production rate and the total cost saving of the system.. 

Kiyoshi Saito et.al [21] (2012) has published a paper on ñLatest system simulation models for heating, refrigeration,and air-

conditioning systems, and their Applicationsò in which he discussed about the simulation model they create for a heat pump, room air-

conditioner, desiccant dehumidifier, indirect evaporative cooler, fuel cell, solar panel in order to reduce the energy consumption in the 

refrigertion and air conditioning.Again Paper describes high-accuracy simulation models for a CO2 heat pump, absorption heat pump, 

and desiccant dehumidication system also discuss the simulator that they developed, based on those models for reducing energy 

consumption.  

Chengchu Yan, Xue Xue, et.al. [22] (2015)  has published a paper on ñ A novel air-conditioning system for proactive power demand 

response to smart grid.ò In which he discussed about a novel air conditioning system with proactive demand control for daily load 

shifting and real time power balance in the developing smart grid. This system consists of a chilled water storage system (CWS) and a 

temperature and humidity independent control (THIC) air-conditioning system, which can significantly reduce the storage volume of 

the chilled water tank and effectively enable a building with more flexibility in changing its electricity usage patterns. The power 

demand of the proposed air-conditioning system can be flexibly controlled as desired by implementing two types of demand response 

strategies: demand side bidding (DSB) strategy and demand as frequency controlled reserve (DFR) strategy, in respond to the day-

ahead and hour-ahead power change requirements of the grid, respectively.  
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Conclusion:-  

As per experimental study to reduce electricity consumption for refrigeration cum air conditioner, air cooler and water cooler, Also 

save water and forest which are affected a great impact to maintain an ecological balance and to make it cost effective, so normal 

person can offered this product. Environmental groups and governmental agencies have cooperated over the last two decades to bring 

about reductions in refrigeration and air conditioning systems energy consumption and refrigerant emissions. 

The reductions have been possible through a combination of factors:  

Increased environmental impact awareness, commitment of industry personnel, improved systems technology and operating/service 

procedures, and governmental regulations. These successes give us great confidence in continuing efforts for reduction of climate 

change impact of refrigeration and air conditioning system. HFC refrigerants have high societal value in providing safe and reliable 

refrigeration and air conditioning. At equivalent costs of other options, climate change impact from minimal refrigerant emissions can 

be more than offset by improved energy efficiency 
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Abstractð Compare to high-resolution analysis, the low-resolution face analysis suffers more significantly from quality 

degradations. In this work, we will investigate how some face analysis steps are influenced by low image quality and how this links to 

the low resolution. Effects of several quality degradations, namely low resolution, compression artifacts, motion blur and noise is 

analyzed. Depending on the condition, it becomes obvious that the low resolution is sometimes a minor degrading effect, outmatched 

by a single one or combination of the further effects. Typical counter measures are individual to one single effect, so when addressing 

real-world face recognition from surveillance data, the combination of the challenging effects is the biggest problem. 

 

 Keywordsð Image resolution, compression artifacts, motion blur, noise. 

        [1] INTRODUCTION 

Face analysis for low-quality data remains a challenge, while face analysis for high-quality material is a well studied topic. In 

spite of the increasing interest in the topic, the progress often remains behind the expectations of the potential users. This is mainly 

induced by the fact that no single effect is responsible for low data quality, but a variety in combination. Thus, approaches addressing 

one quality degrading effect have difficulties to prove their benefit in real world data, which always comprise a combination of several 

degradation effects. Apparently, the first effect that comes into mind is the low resolution. Even so, the effects of face resolution are 

usually only partially responsible for low quality with a lot of further effects contributing to it. Effects of some quality influencing 

effects, namely resolution, compression, motion blur and noise is analyzed. The selection represents our distinctive observations in the 

case of surveillance video footage and its forensic analysis. Our work is actuated by the application of surveillance video analysis, 

particularly in a forensic way. Face recognition is a useful tool in this domain to detect further occurrences of a criminal person in the 

data. Thus, the work we are faced with is low quality to low quality face comparison. Fundamentally, the processing involves five 

steps, face detection, face registration, face normalization, face feature extraction and face feature comparison. Face detection is 

probably the most robust step for low image quality, while the subsequent steps are still experiencing greater difficulties. While high-

quality face recognition is able to bring out impressive results, even surpassing the human performance on particular data sets [06], 

low-quality face recognition faces several additional challenges. The biggest problems for low-resolution face recognition are 

misalignment, noise affection, lack of effective features and dimensional mismatch among probe and gallery [07]. This list addresses 

the quality problem only roughly by combining all quality faults under the term noise affection. Lack of effective features and 

Misalignment are consequences thereof and will be considered as such. Ultimately, dimensional mismatch is no major concern in our 

scenario which includes comparing low quality faces to further low quality faces. The effect, simulation of the effect, counter 

measures of several quality degradations namely low resolution, compression, motion blur and noise are discussed for face analysis. 

 

[2] LITERATURE REVIEW  

The recognition of human faces in video of low resolution is difficult. With the wide use of camera (surveillance etc.), solutions 

which solve such type of problems achieve more and more attention. The two main methods are Super Resolution (SR) and Multiple 

Resolution faces (MRF) approach. The former can be applied to compute high-resolution facial image from low-resolution ones. Even so, the 

disadvantage is that the multiple facial images that pertain to the same subject captured from same scene are needed. MRF [1] overcame such 

drawback; it increases the complexity and requires greater memory storage in face recognition system. Recently, researchers improved 
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existing methods of SR & MRF and proposed several new methods. In [2], color invariance was applied to face recognition. Their results 

demonstrated that color invariants do have substantial discriminative power and enhance the robustness and accuracy for low resolution 

facials. In [3], the author proposed an approach to provide a feature subspace to be directly compatible with arbitrarily changeable low-

resolution of probe at testing/application stage and overcome dimension mismatch problem. In [4], the authors developed high-resolution 

frames from a video sequence by using both spatial and temporal information present in number of adjacent low-resolution ones. A new 

technique named face scoring was given by Tse-Wei Chen et al.[5]. The method included eight scoring functions based on feature extraction 

technique, integrated by a single layer neural network training system to get an optimal linear combination to select high-resolution faces. 

 

[3] QUALIT Y DEGRADATIONS  

Face analysis suffers from a broad range of quality degrading effects. Addressing them all would be beyond the scope of this 

work, thus, we limit ourselves to the impacts which are most present in low-resolution scenarios. These are the low resolution itself, 

video/image compression, motion blur and noise which are illustrated in figure 1. 

 

               (a)                                  (b)                                 (c)                                   (d)                                 (e) 

Figure 1: Impact of some image quality degradations: (a) resolution , (b) compression, (c) motion blur, (d) noise  and (e) all combined. 

Severity increases with each row. 

There exist a lot of further effects, but most of them, such as bad illumination (shadows, overexposure, low contrast) or harsh head 

poses, also relate to high-resolution applications and will consequently be omitted here. 

 

 

[3.1] RESOLUTION  

Effect: The resolution come into existence from the discrete sampling of the continuous image signal of a face. If the sampling is 

denser, the resulting resolution is higher, and the more information is included in the image and available for the processing. 

Simulating the effect:  For the investigation we need to simulate the particular effect in some severity steps for reproducible results.  

In the case of face resolution this is unambiguous. Starting with a face width of W0 pixels, further downscaled images with a face 

width W0 are generated by 
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Wk = s
-k
 · W0                 (1) 

Where s > 1 is the base for the scaling factor and k = 0,1,...the current severity step. Of course the same relation holds for the image 

height hk.  Suitable low-pass filtering is applied before downsampling to avoid aliasing. We will introduce the severity factor s
k
  in all 

further formulations of degradation effects, to set their severity in a similar manner to the reduction of the image resolution. 

Counter measures: When matching low resolution to further low-resolution faces, adjustments of the used features are a common 

solution [11]. A popular approach to boost low resolution face recognition is to apply super-resolution to perform further analysis on 

the resulting high-resolution images [08], or incorporate super-resolution directly into face recognition [9]. This is particularly 

successful if the low-resolution probe faces should be compared to high resolution gallery faces [07, 10].  

 

[3.2] COMPRESSION 

Effect: Video data requires large space, so strategies to reduce this amount are employed in basically every video capturing system. 

Video compression formats such as H.264 are very common for movies, while surveillance systems with low frame rates use Motion-

Jpeg compression quite often. There is large variety of compression algorithms and only a selection can be listed here. But 

fundamentally all popular compression algorithms work block based, which means to handle small regions of n ɉ n pixels 

individually. Thus, the errors at the borders between the blocks grow stronger for high compression factors where each block can only 

be roughly approximated. And also, video compression is developed for the human visual sense, which is usually a suboptimal 

solution with respect to keeping the highest possible information density. 

 

Simulating the effect: To simulate the compression artifacts, Jpeg-compression is a reasonable option. Jpeg-artifacts show the typical 

block-based pattern also eminent in video compression algorithms such as H.264. In addition, the quality can be effected by one single 

parameter which obviously simplifies things. This quality factor q ranges from 0 (worst) to q0 = 100 (best) and can be adjusted by the 

same severity factor s
k
 as the resolution by 

qk = s
-Ŭk

q0,          (2) 

where Ŭ adjusts the effect of the severity factor to result in a similar effect to image downscaling. 

Counter measures: Each compression format leads to its own form of characteristic artifacts. This can be used to train matching 

blocks of low and high quality and substitute the low quality ones with the high quality counterpart [12]. However, this relies heavily 

on an according training database that comprises similar block patterns as the application domain and the knowledge what specific 

compression format was used. The General way to address the problem is to understand the effect as noise and employ according 

counter measures such as low-pass filtering. 

 

[3.3] MOTION  

Effect: Motion has a negative effect on image quality induced by the integration over time on image capturing. Motion blur can be 

formulated as a convolution of the image by a motion kernel that represents the relative motion of the camera to the object while 

capturing. We assumed that the object itself is static, leading to a constant motion kernel throughout the object. Mostly in dark and 

indoor environments, the effect becomes obvious in the presence of long exposure times. The sensitivity of face recognition to motion 

blur depends highly on the angle and the length of the effect [13]. Horizontal motion blur has a little effect on face recognition 

performance than vertical motion blur where the recognition rate dropped from 100 to 60 percent in their small scale experiment. 

Simulating the effect: Synthetic motion blur can be developed by convolution of the image with a motion filter, the. In this case, we 

restrict the filter to linear motion which bring down it to two parameters, the angle ű of the motion in the image plane and the size 
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 f characterizing the length and severity of the motion blur. We assume a random angle ű and a variable length 

 fk=ɓs
k
      (3) 

that is characterized as a percentage of the face size W0. This forms the filter independent of the image resolution and relates instead to 

the motion and velocity of the face in front of the camera. The final filter length in pixels is given by  

Fk=fk· W0  

Counter measures: Theoretically, motion blur can be mostly (except for zeros of the transfer function) removed by a deconvolution 

of the blurred image with the motion kernel (inverse filter). Nevertheless, the kernel is usually unknown and has to be estimated based 

on the blurred image itself. This is a hard task for low-resolution images where only little information is available. Known solutions 

commonly assume a fixed scene combined with camera motion, which is the typical case for snapshots taken by a digital camera in a 

shaking hand [14]. In the given scenario, the relation is vice versa; surveillance cameras are fixed installations and the scene in front of 

it is moving. Particularly, each object in the scene might move differently, leading to an individual motion kernel for each object. This 

way, only few pixels from each object are available as evidence for the motion, causing kernel estimation infeasible. In the of face 

recognition domain, the most promising strategies employ adapted features, that are insensitive to blur, e.g. local phase quantization 

(LPQ) [15]. However, one needs to keep in mind that LPQ assumes a symmetrical blur kernel, which basically never applies for 

motion kernels. 

 

[3.4] Noise 

Effect: Image noise is induced by the physical construction of the image sensor and its liability to quantum noise.  

Simulating the effect: The noise can be simulated by additive Gaussian noise. Thus, the original image Io is degraded by Gaussian 

noise G as follows: 

Ik=Io+ y(s
k
-1).G, G-N(0,1)                      (4) 

 

 

The Factor  

a= y(s
k
-1)  denotes the standard deviation of the normal distribution the noise is sampled from. This influences the severity of the 

effect. 

Counter measures: Best-shot face recognition strategy is the most common strategy to avoid noise issues. All images of a face 

sequence are examined with respect to the noise level and the one with the least amount of noise is selected for matching. This will 

fail if all images within one sequence shows a high noise level. Image noise can further be reduced by applying a low-pass filter to the 

image, reducing the high frequency noise components while preserving the low frequency image content. 

 

 

        4. CONCLUSION 

 Low quality face analysis remains a challenge and offers abundance opportunities for improvement. The effect, simulation of 

the effect, counter measures of some quality degradations namely low resolution, compression, motion blur and noise are discussed 

for face analysis. It was analyzed that the low resolution is only part of problem and several further effects have a significant impact 

on low-quality face analysis. 

  Finally, it is to say that the random mixture of effects causes the biggest challenges. 
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Abstractð This work gives optimised solution to make feasible hoisting application in heavy lifting and passing in coal and 

minerals mines. Rotary drum to be optimised with putting same diameter as required. Design is planned with casting stiffening links 

patterned circularly in round drum to form complete hollow drum, its replacing side disc of drum to make lightweight, loading 

condition is put by considering maximum loads. Drum behaviour is analysed in ansys tool in variations of degree of rotation from 0 to 

360 degree. Finally conclusion will be opting to make optimisation feasible or not. We form few variants in design and compare 

results with each other. Finally the best drum design is found and from results itôs found feasible in working also in manufacturability. 

 

Keywords Introductionð Mine hoist, Central hub, Weldment structure, manufacturability and installation feasibility. 

INTRODUCTION  

Hoist by definition means to haul or to raise an object to higher altitudes. Hoists are mechanical or electromechanical devices 

used to move an object from one point to another, which would be otherwise physically challenging. The object can be raised, lowered 

or moved depending on the necessity. The hoist work on the basic principle of balance of forces where an equal and opposite force is 

applied on the load force. The applied force can be reduced by using a pulley system. 

 
Fig.: - Mine Hoist  

In underground mining a hoist or winder is used to raise and lower conveyances within the mine shaft. Modern hoists are 

normally powered using electric motors. Drum hoists are the most common type of hoist used. When using a drum hoist the hoisting 

cable is wound around the drum when the conveyance is lifted. Single-drum hoists can be used in smaller applications. Drum hoists 

are mounted on concrete within a hoist room, the hoisting ropes run from the drum, up to the top of the head frame, over a sheave 

wheel and down where they connect to the conveyance (cage or skip). 

 

 

http://www.ijergs.org/
mailto:Sarang200252@gmail.com


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

92                                                                                                   www.ijergs.org   

LITERATURE REVIEW 

For this study, Observations are focused on existing system. The literature survey has been pioneered effort in this regard. 

Various machine design concepts and CAD/CAE concepts from literatures help to establish comparative study between existing and 

new experimentation. The terminologies referred from literatures for designing are discussed as follows: 

WANG Jiu-feng, XU Gui-yun, ZHU Jia-zhou, YANG Yan-chu, in their paper named as, "Parametric Design and Finite 

Element Analysis of Main Shaft of Hoister Based on Pro/E", advanced parametric design method which realized in the process of 

modelling of main shaft of hoister was deal. Using the interface technology between Pro/E and ANSYS software, the simulation 

analysis of stress status of the main shaft of hoister designed in Pro/E under a certain load is made. The adoption of this method will 

dramatically shorten the development cycle and cut down the design costs. Otherwise the research method will reference value to gear 

model library development and to the optimization design of the main shaft of hoister
 [1]
. 

LUO Jiman, XING Yan, LIU Dajiang and YUAN Ye, in their paper, "Modal Analysis of Mast of Builderǋs Hoist Based on 

ANSYS", For the purpose of researching the factors which affect the dynamic characteristic of mast of builder's hoist and analyzing the 

impact of different factors over system security, the authors of the paper applied the finite element method to build the model and 

made the modal analysis for mast which was installed with various installation distances or under different working conditions
[2]
. 

Yang Yuanfan, in the paper named as, "The Study on Mechanical Reliability Design Method and Its Application",  Through 

the study on mechanical reliability design and combination with the structure of mine hoist, it is proposed that the crucial procedure of 

reliability designôs application into mine hoist is as to ascertain the statistics of the relevant parameters, then to set up the failure 

mathematical model, and finally the reliability design can be operated 
[3]
. 

J.J. Taljaard and J.D. Stephenson, in the paper named as, "State-of-art shaft system as applied to Palaborwa underground 

mining project", The design of a 30,000 ton per day underground mine at Phalaborwa presented many and various challenges to the 

owner and the design team. Using modern best and proven practice, innovative engineering, extensive test work and verification by 

worldwide experts these challenges were met head on and overcome. The state-of-the-art system will be in operation by the end of the 

year 2000 
[4]
. 

Shuang Chen and Shen Guo, in their paper named as, "Stress Analysis of the Mine Hoist Spindle Based on ANSYS", In this 

paper, the three dimensional modeling of 2JK mine hoist spindle was established by using Pro/ E according to given data. Then the 

model was inputted into the finite element analysis in ANSYS, the stress distribution of the spindle was obtained, strength check of the 

dangerous section was made at the same time, which provides an accurate and reliable theoretical basis for improving the spindle 

structural design 
[5]
. 

HuYong and HuJiQuan, in their paper named as, "Mechanical Analysis and Experimental Research of Parallel Grooved 

Drum Multi-layer Winding System", in the present design criterion of multi-layer winding drum, multi-layer winding coefficient is 

chosen according to the number of wire rope layers. However, the actual wire rope arrangement on the drum and the elastic property 

of wire rope also play decisive roles in determining the multi-layer winding coefficient value. Analyzing the actual stress of the drum 

accurately is the precondition of ensuring the drums safety and reliability for meeting the lightweight design requirements 
[6]
. 

 

PROBLEM IDENTIFICATIONS : - 

 
Fig.:- Closed Disc drum 

1. Heavy drum difficult for commissioning and manufacturing in single body. Central hub is too heavy for making drive hold to 

rotate full body with loads. 

2. Optimisation can be formed in drum structure to make it little lightweight without affecting its strength. 
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METHODOLOGY  

Comparison in two models: - 

 
Model 1: - Closed Disc Drum   Model 2: - Proposed Conceptual Model 

INPUT: - 

Á Boundary conditions: Max. RPM 20 

Á Maximum Torque: 700 N-m 

Á Material: Cast iron / Carbon steel 

Á Technology of development: Weldment structure, Welding treatment, Sheet metal components.  

Á Optimized meshed drum body to be developed outer Dia. 1300 mm & Width =600 mm. 

PARAMETERS FOR DESIGN CALCULATIONS  

The shear stresses are induced in the shaft due to transmission of torque i.e. due to torsion loading. According to American Society of 

Mechanical Engineers (ASME) code for the design of transmission shaft the maximum permissible shear stress (Ű) may be taken as 

30% of the elastic limit (ůel) in tension but not more than not more than 18% of ultimate tensile strength (ůut)
[7]

.  In other words, 

Ű = 0.3 ůel  or 0.18 ůut 

The shaft is subjected to twisting moment or torsion only, and then the diameter of the shaft may be obtained by using torsion 

equation. 

   ............ (i)A 

Where, T = torque acting on the shaft 

j = polar moment of inertia 

Ű = torsion shear stress 

R = Distance from neutral axis to outermost fibre 

        = D/2.... Where D is diameter of the shaft 

We know that, for solid circular shaft, polar moment inertia (j) is given by, 

Ὦ  
“

σς
 Ὀ  
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For rotating shafts, gradually applied or steady load, combined shock factor (Kt) and fatigue factor (Km) are taken as 1
[8]

. 

Also from torsion rigidity equation we have, 

—   ........ (ii) 

Where, — = angle of twist in degree 

T = Torque, Nmm 

L = length of shaft, mm 

G = Modulus of rigidity, N/mm
2
  

D = Diameter of shaft, mm 

*Let the angle of twist for the shaft 1degree i.e. —  ρ  

ROPE SPECIFICATION  

Rope construction: 6 x 26 RRL (right regular lay) rope  

Safety factor of rope = (Minimum breaking load) / Load applied 

DRUM CALCULATI ONS 

1. Diameter of drum  

              Ddrum = (ratio between 20 to 25) x drope 

2. Groove radius,  

r = 0.53 x d  

3. Groove diameter,  

d = groove radius x 2  

4. Pitch diameter,  

              p = 2.065 x groove radius  

5. Groove depth  

                h = 0.374 x d  

6. Thickness  

                 tx = P/kp  

7. Drum grooved length,L3  

                        L3 = (n - 1)*P 

8. Drum un-grooved length,L1=L2  

                            L1 = L2 = 1/2 diameter of hook + radius of rope 

9. Factor of safety = 6  
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CAD Model 

  

Fig.: - CAD Drawing      Fig.: - Axle Assembly 

CAD Model is created by using Creo Parametric 2.0
[9], [10]

 on which we can perform engineering analysis like finite element 

analysis. Finite Element Analysis of structural behavior can be done by using Ansys by applying various boundary conditions. 

Meshing is done by using 20 noded Solid95 elements 
[11], [12]

. 

 

VALIDATION STAGES 

Á Mathematical calculations with structural behavior loads 

Á Optimization with material weight and feasible manufacturability. 

Á Validation with comparing different variants results. 

Á Solution and selection of best design amongst all variants  and their respective results 

 

CONCLUSION 

This paper reviews the studies of Design and Optimization with Structural Behavior Analysis of Central Drum in Mine Hoist. 

The review finds that, the central drum in mine hoist is large and too heavy for commissioning and manufacturing in single body and 

for making drive hold to rotate full body with loads. The design and optimization with structural behavior analysis can give the new 

design which can reduce the weight of central drum. Design is planned with casting stiffening links patterned circularly in round drum 

to form complete hollow drum its replacing side disc of drum, which can make the system little light in weight without affecting its 

strength. Because of the reducing the weight of central drum, we can make it feasible to manufacture and installation. 
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Abstractð The thermal performance of an inclined two phase closed thermosyphon with different working fluid has been 

investigated experimentally in this paper. Distilled water and Binary mixture of ethanol and methanol that has a positive gradient of 

surface tension with temperature are used as the working fluid. A copper thermosyphon with a length of 1000 mm long, an inner 

diameter of 20.5 mm and an outer diameter of 22.5 mm was employed. Thermosyphon was charged with 60% of the working fluid 

and was tested with an evaporator length of 300 mm and condenser length of 450 mm. The thermosyphon was tested for various 

inclinations of 45 ↔, 60↔ and 90↔ to the horizontal. Flow rate of 4 Kg/hr, 12 Kg/hr and 20 Kg/hr and heat input of 40 W, 60 W and 80 W 

were taken as input parameters. The thermal performance of binary mixture charged two phase closed thermosyphon was out 

performed the distilled water in both heat transfer and temperature distribution. 

Keywords: Two phase closed thermosyphon, Heat transfer limitations, Binary mixture, Heat load, Coolant flow rate, Inclination 

angle, Efficiency 

I. INTRODUCTION 
 
Energy is an important part of most aspects of daily life. The quality of life and even its substance depends on the availability of 

energy. Hence energy plays a vital role in day to day life as well as in heat transfer applications. Due to the human need for energy, a 

more efficient way of using it is a major challenge in the scientific community. The heat pipe and the thermosyphon specially 

designed by the engineers for transferring heat from a distance. The thermal performance of thermosyphon is one the most important 

part of these types of investigation in the field of heat transfer. 

 

1.1. Heat Transfer Enhancement Techniques:  
Heat transfer enhancement or augmentation techniques refer to the improvement of thermo hydraulic performance of heat exchangers. 

Existing enhancement techniques can be broadly classified into three different categories:  

¶ Passive techniques  

¶ Active techniques  

¶ Compound techniques  

1.1.1. Passive Techniques:  
These techniques generally use surface or geometrical modifications to the flow channel by incorporating inserts or additional devices. 

They promote higher heat transfer coefficients by disturbing or altering the existing flow behaviour (except for extended surfaces) 

which also leads to increase in the pressure drop.  

1.1.2. Active Techniques:  
These techniques are more complex from the use and design point of view as the method requires some external power input to cause 

the desired flow modification and improvement in the rate of heat transfer, like mechanical aids, surface vibration, fluid vibration, 

suction, etc.  

1.1.3. Compound Techniques:  
A compound is the one where more than one of the above mentioned techniques is used in combination with the purpose of further 

improving the thermo- hydraulic performance of a heat exchanger.  

  

1.2. Thermosyphon:  
Thermosyphon is an enclosed two phase heat transfer devices. They make use of the highly efficient heat transport process of 

evaporation and condensation to maximize the thermal conductance between a heat source and a heat sink. They are often referred to 

as thermal superconductors because they can transfer large amounts of heat over relatively large distances with small temperature 

differences between the heat source and heat sink. The amount of heat that can be transported by these devices is usually several 

orders of magnitude greater than pure conduction through a solid metal. They are proven to be very effective, low cost and reliable 

heat transfer devices for applications in many thermal management and heat recovery systems. They are used in many applications 

including but not restricted to passive ground/road anti-freezing, baking ovens, heat exchangers in waste heat recovery applications, 
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water heaters and solar energy systems and are showing some promise in high-performance electronics thermal management for 

situations which are orientation specific.  

 

1.3. Thermosyphon Geometry and Working Principle: 

A cross section of a closed two-phase thermosyphon is illustrated in Fig. 1; the thermosyphon consists of an evacuated sealed tube that 

contains a small amount of liquid. The heat applied at the evaporator section is conducted across the pipe wall causing the liquid in the 

thermosyphon to boil in the liquid pool region and evaporate and/or boil in the film region. In this way the working fluid absorbs the 

applied heat load converting it to latent heat.  

The vapour in the evaporator zone is at a higher pressure than in the condenser section causing the vapour to flow upward. In the 

cooler condenser region the vapour condenses and thus releasing the latent heat that was absorbed in the evaporator section. The heat 

then conducts across thin liquid film and exits the thermosyphon through the tube wall and into the external environment. Within the 

tube, the flow circuit is completed by the liquid being forced by gravity back to the evaporator section in the form of a thin liquid film. 

As the thermosyphon relies on gravity to pump the liquid back to the evaporator section, it cannot operate at inclinations close to the 

horizontal position.  

 

 

 

 

 

 

 

 

Fig.1: Two-phase closed thermosyphon working principle 

1.4. Applications:  

¶ Radiators  

¶ Aerospace  

¶ High tech electronics  

¶ Solar system  

¶ Satellite thermal control  

¶ Waste heat recovery  

 

1.5. Advantages:   

¶ Passive heat exchange with no moving parts.  

¶ Relatively space efficient.  

¶ The cooling or heating equipment size can be reduced in some cases.  

¶ The moisture removal capacity of existing cooling equipment can be improved.  

¶ No cross contamination between streams. 

 

II.  REVIEW OF WORK CARRIED OUT  

 
Many investigations were carried out in order to analyse and to enhance the thermal performance of thermosyphon. These are as 

follows. 

Grover [1] (Los Alamos Laboratory, USA) introduced the term heat pipe in 1964. The two-phase closed thermosyphon used in this 

study is essentially a gravity-assisted wickless heat pipe, which is very efficient for the transport of heat with a small temperature 

difference via the phase change of the working fluid. It consists of an evacuated-closed tube filled with a certain amount of a suitable 

pure working fluid. The simple design, operation principle, and the high heat transport capabilities of two-phase closed thermosyphons 
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are the primary reasons for their wide use in many industrial and energy applications. Since there is no wick material, the 

thermosyphon is simpler in construction, smaller in thermal resistance, and wider in its operating limits than the wicked heat pipe. 

Z. Q. Long, P. Zang [2] investigated the thermal performance of cryogenic thermosyphon charged with N2-Ar binary mixture. They 

have discussed heat transfer of the binary mixture in the thermosyphon theoretically by considering the mass transfer of the 

components. They built an experimental setup for investigating the heat transfer performance of the cryogenic thermosyphon. They 

found that the N2ïAr binary mixture can widen the operational temperature range of the cryogenic thermosyphon and it can work in 

the range of 64.0ï150.0 K. The dry-out limit appears in the experiments for the cases with Ar fraction below 0.503. The heat transfer 

rate of the dry-out limit increases with the increase of Ar molar fraction until film boiling appears on the top of the condenser. 

M. Karthikeyan, S. Vaidyanathan and B. Sivaraman [3] investigated the thermal performance of an inclined two phase closed 

thermosyphon with distilled water and aqueous solution of n-Butanol as a working fluid. They carried out the experiments for filling 

ratio of 60%. The thermosyphon was tested for various inclinations of 45 ↔, 60 ↔ and 90 ↔ to the horizontal. Flow rate of 0.08Kg/min, 0.1 

Kg/min and 0.12 Kg/min and heat input of 40 W, 60 W and 80 W. The thermosyphon was of a copper material with inside and outside 

diameter of 17mm and 19mm respectively. The overall length of thermosyphon was 1000mm (400mm-evaporator length, 450mm-

condenser length). They obtained the result that the thermosyphon charged with aqueous solution has the maximum thermal 

performance than compared to thermosyphon charged with distilled water.  

H. Z. Abou-Ziyan, A. Helali, M. Fatouh and M. M. Abo El - Nasr [4] investigated the thermal performance of two phase closed 

thermosyphon under stationary and vibratory conditions with water and R134a as a working fluid. They carried out the experiments 

for filling ratio of range (40% to 80%). The thermosyphon was tested for various adiabatic lengths of (275,325 and 350mm), vibration 

frequency (0.0-4.33Hz) and input heat flux (160-2800 kW/m
2
). They obtained the result that adiabatic length of 350mm and liquid 

filling ratio of 50% provide the highest heat flux. 

Negishi and Sawada [5] made an experimental study on the heat transfer performance of an inclined two-phase closed thermosyphon. 

They used water and ethanol as working fluids. The highest heat transfer rate was obtained when the filling ratio (ratio of volume of 

working fluid to volume of evaporator section) was between 25% and 60% for water and between 40% and 75% for ethanol. The 

inclination angle was between 20° and 40° for water, and more than 5° for ethanol. 

M. R. Sarmasti Emami, S. H. Noie and M. Khoshnoodi [6] made an experimental study on the effect of aspect ratio and filling ratio on 

the thermal performance of inclined two-phase closed thermosyphon under normal operating conditions. They used distilled water as a 

working fluid. They carried out the experiments for filling ratio of range (20% to 60%) and aspect ratio of 15, 20 and 30 for an 

inclination angle of range (15 ↔ to 90 ↔). The thermosyphon was of a copper material with inside and outside diameter of 14mm and 

16mm respectively. The overall length of thermosyphon is 1000mm. They obtained the following results that the maximum thermal 

performance at inclination angle of 60 ↔ for all three aspect ratios and filling ratio of 45%. 

 

Fig.2: Schematic diagram of a two-phase closed thermosyphon 

K.S. Ong and Md. Haider - E - Alahi [7] investigated performance of an R134a filled thermosyphon. They carried out the experiments 

to study the effects of temperature difference between bath and condenser section, fill ratio and coolant mass flow rate. The 

thermosyphon was of a copper material with inside and outside diameter of 25.5mm and 28.2mm respectively. The overall length of 

thermosyphon was 780mm (300mm-evaporator length, 300mm-condenser length). They obtained the results that the heat flux 

transferred increased with increasing coolant mass flow rate, fill ratio and temperature difference between bath and condenser section. 

Sameer Khandekar, Yogesh M. Joshi and Balkrishna Mehta [8] investigated the thermal performance of closed two-phase 

thermosyphon using water and various water based nanofluids (of Al2O3, CuO and laponite clay) as a working fluid. They observed 

that all these nanofluids show inferior performance than pure water.  

Gabriela Humnic, Angel Huminic, Ion Morjan and Florian Dumitrache [9] performed an experiment to measure the temperature 

distribution and compare the heat transfer rate of thermosyphon with diluted nanofluid (with 0%, 2% and 5.3% concentration) in DI-

water and DI-water. The thermosyphon was a copper tube with internal and external diameter of 13.6mm and 15 respectively. The 

overall of length of thermosyphon was 2000mm (evaporator length-850mm, condenser length-850mm, adiabatic section-300). They 
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obtained the results that the addition of 5.3% (by volume) of iron oxide nanoparticles in water improved thermal performance of 

thermosyphon. 

P. G. Anjankar and Dr. R. B. Yarasu [10] investigated the effect of condenser length, coolant flow rate and heat load on the 

performance of two-phase closed thermosyphon. The thermosyphon was a closed copper tube of length 1000mm (evaporator length-

300mm, condenser length- 450mm/400mm/350mm) and internal and external diameter of 26 and 32mm respectively. They obtained 

the results that thermal performance of a thermosyphon was higher at flow rate 0.0027kg/s and heat input 500W with a condenser 

length of 450mm. 

H. Mirshahi and M. Rahimi [11] investigated experimentally the effect of heat loads, fill ratio and extra volume on the performance of 

a partial-vacuumed thermosyphon. They obtained the results that the change in heat flux, fill ratio and employing different extra 

volumes has a significant effect on the performance of thermosyphon. 

Masoud Rahimi, Kayvan Asgary and Simin Jesri [12] studied the effect of the condenser and evaporator resurfacing on overall 

performance of thermosyphon. They obtained the result that by making the evaporator more hydrophilic and the condenser more 

hydrophobic the thermal performance of thermosyphon increases by 15.27% and thermal resistance decreases by 2.35 times compared 

with plane one. 

Asghar Alizadehdakhel, Masoud Rahimi and Ammar Abdulaziz Alsairafi [13] carried out experiments to investigate the effect of 

various heat loads and fill ratio on the performance of thermosyphon. They obtained the results that increasing the heat load up to 

certain limit increases the performance of thermosyphon further increase in heat load decreases the performance of thermosyphon. 

Also there is an optimum value of fill ratio for every energy input. Experimental results were compared with CFD modelling 

(FLUENT
TM

 version 6.2) and there was a good agreement observed between CFD and experimental results. 

S. R. Raja Balayanan, V. Velmurugan, R. Sudhakaran and N. Shenbagavinayaga Moorhy [14] have been carried out experimental and 

theoretical research to investigate the thermal performance of water to air thermosyphon heat pipe heat exchanger. They selected 

independent controllable process parameters heat input, water temperature and air velocity to carry out experimental work and 

correlation was developed for effectiveness of heat pipe heat exchanger. They developed mathematical model using regression 

coefficient method which is helpful in analyzing the performance of heat pipe heat exchanger. 

  

III.  CHARACTERIS TIC OF THERMOSYPHON AND WORKING FLUID  

 
As an effective heat conductor, thermosyphon can be used in situations when a heat source and a heat sink need to be placed apart, to 

aid heat conduction of a solid, or to aid heat spreading of a plane. However, not every thermosyphon heat pipe is suitable for all 

applications. For that reason and to develop an experimental model the following need to be considered while designing heat pipes.  

A. Heat transfer limitations of the thermosyphon:  
Thermosyphon heat pipe performance and operation are strongly dependent on shape, working fluid and wick structure. Certain heat 

pipes can be designed to carry a few watts or several kilowatts, depending on the application. The effective thermal conductivity of the 

heat pipe will be significantly reduced if heat pipe is driven beyond its capacity. Therefore, it is important to assure that the heat pipe 

is designed to transport the required heat load safely. But during steady state operation, the maximum heat transport capability of a 

heat pipe is governed by several limitations, which must be clearly known when designing a heat pipe. There are five primary heat 

pipe transport limitations. 

Å Viscous Limit:  

At low operating temperatures, viscous forces may be dominant for the vapour moving flow down the heat pipe. For a long liquid-

metal heat pipe, the vapour pressure at the condenser end may reduce to zero. The heat transport of the heat pipe may be limited under 

this condition. The vapour pressure limit (viscous limit) is encountered when a heat pipe operates at temperatures below its normal 

operating range, such as during start up from the frozen state. In this case, the vapour pressure is very small, with the condenser end 

cap pressure nearly zero. 

Å Sonic Limit:  

The rate at which vapours travels from evaporator to condenser known as sonic limit. The evaporator and condenser sections of a 

thermosyphon represent a vapour flow channel with mass addition and extraction due to the evaporation and condensation, 

respectively. The vapour velocity increases along the evaporator and reaches a maximum at the end of the evaporator section. The 

limitation of such a flow system is similar to that of a converging-diverging nozzle with a constant mass flow rate, where the 

evaporator exit corresponds to the throat of the nozzle. Therefore, one expects that the vapour velocity at that point cannot exceed the 

local speed of sound. This choked flow condition is called the sonic limitation. The sonic limit usually occurs either during heat pipe 

start up or during steady state operation when the heat transfer coefficient at the condenser is high. The sonic limit is usually 

associated with liquid-metal heat pipes due to high vapour velocities and low densities. When the sonic limit is exceeded, it does not 

represent a serious failure. The sonic limitation corresponds to a given evaporator end cap temperature. Increasing the evaporator end 

cap temperature will increase this limit to a new higher sonic limit. The rate of heat transfer will not increase by decreasing the 

condenser temperature under the choked condition. Therefore, when the sonic limit is reached, further increases in the heat transfer 

rate can be realized only when the evaporator temperature increases. Operation of heat pipes with a heat rate close to or at the sonic 

limit results in a significant axial temperature drop along the heat pipe. 

Å Entrainment Limit:  
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This limit occurs due to the friction between working fluid and vapour which travel in opposite directions. A shear force exists at the 

liquid-vapour interface since the vapour and liquid move in opposite directions. At high relative velocities, droplets of liquid entrained 

into the vapour flowing toward the condenser section. If the entrainment becomes too great, the evaporator will dry out. The heat 

transfer rate at which this occurs is called the entrainment limit. Entrainment can be detected by the sounds made by droplets striking 

the condenser end of the heat pipe. The entrainment limit is often associated with low or moderate temperature heat pipes with small 

diameters, or high temperature heat pipes when the heat input at the evaporator is high.  

Å Capillary Limit:  

It is the combination of gravitational, liquid and vapour flow and pressure drops exceeding the capillary pumping head of the heat pipe 

wick structure. The main cause is the heat pipe input power exceeds the design heat transport capacity of the heat pipe. The problem 

can be resolved by modifying the heat pipe wick structure design or reduce the power input. 

Å Boiling Limit:  

The rate at which the working fluid vaporizes from the added heat. If the radial heat flux in the evaporator section becomes too high, 

the liquid in the evaporator section boils and the wall temperature becomes excessively high. The vapour bubbles that form near the 

pipe wall prevent the liquid from wetting the pipe wall, which causes hot spots, resulting in the rapid increase in evaporator wall 

temperature, which is defined as the boiling limit. However, under a low or moderate radial heat flux, low intensity stable boiling is 

possible without causing dry out. It should be noted that the boiling limitation is a radial heat flux limitation as compared to an axial 

heat flux limitation for the other heat pipe limits. However, since they are related though the evaporator surface area, the maximum 

radial heat flux limitation also specifies the maximum axial heat transport. The boiling limit is often associated with heat pipes of non-

metallic working fluids. For liquid-metal heat pipes, the boiling limit is rarely seen. 

B. Effect of Fluid Charge:  
Filled ratio is the fraction (by volume) of the heat pipe which is initially filled with the liquid. There is two operational filled ratio 

limits. At 0% filled ratio, a heat pipe structure with only bare tubes and no working fluid, is pure conduction mode heat transfer device 

with a very high undesirable thermal resistance. A 100% fully filled heat pipe is identical in operation to a single phase thermosyphon. 

When the charge amount was smaller, there was more space to accommodate vapour and make the pressure inside heat pipe become 

relatively lower. It helped working fluids undergo vaporization and enhance its heat transfer performance. Therefore, the most proper 

filled ratio is between 40% and 60%. 

C. Working Fluid:  

¶ Binary mixture:  
From the literature review, it is found that various researches has been done on various working fluid solutions like water, distilled 

water, butanol, ethanol, etc., refrigerant like R-12, R-22, R-134a, FC-72, FC-77, FC-84, etc. and nanoparticles such as Al2O3, Ag2O3 

and Fe2O3, etc. In many investigation of thermosyphon, it is seen that water as a working fluid has a better performance than other 

solutions. But because of its high boiling point it cannot be used for cold temperature regions. By using other solutions as a working 

fluid does not get better thermal performance than water. So it is need of time to use binary mixture of various solutions to get better 

thermodynamic property for using working fluid in two phase closed thermosyphon .  

¶ Ethanol-Methanol Mixture:  
As far as selection of working fluid for thermosyphon is concerned, first go through various thermodynamic properties of ethanol and 

methanol. 

Table.1: Properties of ethanol and methanol: 

 

 

 

 

 

 

 

 

 

 

 

Property 

 

Methanol 

CH3OH 

 

Ethanol 

C2H5OH 

Molecular Weight 32 46 

 

Boiling point ( ↔ C) 65 78 

 

Melting point ( ↔ C) -98 -144 

 

Useful temperature range ( ↔ C) 10 to 130 0 to 130 

 

Thermal Conductivity at 300K (W/m-K) 

 

0.202 

 

0.171 

 

Latent heat of vaporization (kJ/kg) 

 

1100 

 

846 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

102                                                                                                   www.ijergs.org   

In this experiment we used ethanol and methanol ratio 60:40 (by volume) because at this ratio these two solutions are completely 

soluble with each other. 

Table.2: Properties of ethanol-methanol mixture: 

 

 

 

 

 

 

 

These thermodynamic properties are useful for the thermosyphon as a working fluid in 0 ↔C to 100 ↔C temperature applications. Hence 

ethanol-methanol mixture was selected for the experimental assessment of the thermosyphon as a working fluid. 

 

IV.  EXPERIMENTAL SETUP DESCRIPTIONS   

 
  It consists of an enclosed evacuated copper tube having evaporator section at base and condenser section at the top. 9 thermocouples 

are attached on the copper tube at similar distances. Temperature indicator displays the temperature. . The uniform heat flux wire type 

heater is fabricated from nickel-crome wire. This wire is connected in series with dimmer stat in order to supply the same amount of 

heat to nickel-crome wire. Nickel-crome coil heaters are attached to the evaporator section for heat supply and it is controlled by 

controlling the voltage and current. Condenser section is surrounded by concentric cylinder through with coolant flows. Flow of 

coolant is measured by rotameter and controlled by a valve. The range of rotameter is 0-20LPM. For initial evacuation of tube 

arrangement is made to attach vacuumed pump at the top and also pressure gauge is attached to measure the pressure inside the tube. 

 

Fig.3: Schematic diagram of thermosyphon experimental setup 

Following table shows the general configuration of experimental setup which may vary according to researchers requirement. 

 Table.3: Experimental Setup Description: 

Tube Material Copper 

Diameter (mm) Internal 20.5 

External 22.5 

Dimensions (mm) Total 1000 

Evaporator 300 

Condenser 450 

Property 

 
Ethanol-Methanol 

Mixture  

 

Boiling point (↔C) 

 
72.8 

 
Melting point (↔C) 

 

-125.6 

 

Useful temperature range (↔C) 

 

0 to 100 

 

Thermal conductivity at 300 K (W/m-K) 

 

0.1834 

 

Latent heat of vaporization (kJ/kg) 

 

947.6 
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Adiabatic 250 

Aspect Ratio (Le/Di) 14.63 

Filling Ratio 60 % 

Working Fluid Mixture Of Methanol-Ethanol and Distilled Water 

Inclination Angle (
o
) 45, 60, 90 

Heat Input (W) 40, 60, 80 

Coolant Flow Rate (Kg/hr) 20, 12, 4 

¶ Factors for experimental analysis:  

Coolant flow rate:   

It is also important parameter which affects the thermal performance of thermosyphon to large extent. Coolant used in this 

experimentation is water, because water has maximum ability to gain or lose the heat from the system. At the condenser part working 

fluid is condensed due to which heat is released to the atmosphere. For that purpose, condenser section is enclosed by another coaxial 

copper tube. Upper and lower ends of this external tube are perfectly closed. In this experimentation we have used various coolant 

flow rate which are 4kg/hr, 12 kg/hr, and 20 kg/hr. During experimentation it was found that at lower coolant flow rate, heat transfer 

efficiency of thermosyphon is maximum and at higher coolant flow rate, heat transfer efficiency was minimum. This is because at 

lower coolant flow rate, velocity of coolant is minimum inside the outer shell of the condenser due to which there is enough time to 

exchange heat from the working fluid to the coolant. 

Inclination angle: 

It is also important factor which affect thermal performance of thermosyphon to great extent. The lower end of the thermosyphon tube 

was heated causing the liquid to vaporise and the vapour to move to the cold end of the tube where it is condensed. The condensate is 

returned to the hot end by gravity. This is why thermosyphon is kept vertical i.e, 90↔ with horizontal. Experimentation also includes 

study at various inclination angles to evaluate thermal performance. At various inclination angles and at various heat loads thermal 

performance is varying. So after experimentation we got best configuration factor of inclination angle and heat load which is 

responsible for higher thermal performance. 

Heat Load:  

Heat load is given to the evaporator section of the thermosyphon. After applying heat, working fluid get vaporize in the evaporator. 

But heat load is dependent on working fluid. It defines boiling limit of the working fluid. If the boiling point of the working fluid is 

higher near about 100↔ C, then heat load can be applied from 100↔ C to the point where maximum fluid will evaporate. In this 

experimental model, we have used binary mixture of ethanol-methanol and distilled water as a working fluid. Thermodynamic 

properties of ethanol and methanol are shown in Table 2. Ethanol and methanol has lower boiling points than water and under vacuum 

mixture gain low boiling point. So for experimentation we have selected heat load range of 40W, 60W and 80 W. 

¶ Experimentation Parameters:  

Experimentation was carried on the two phase closed thermosyphon. Working fluid is important parameter in the experimentation. 

Ethanol-Methanol binary mixture and Distilled Water was used as a working fluid. Other parameters and its description as follows. 

Table.4: Experimentation parameters 

Parameter   Description 
 

Heat load (W) 40, 60 and 80 

Inclination angle with horizontal axis ( ↔ ) 45, 60 and 90 

Coolant flow rate (kg/hr) 4, 12 and 20 

Aspect ratio 14.63 

Filling ratio 60% (60% Ethanol and 40% Methanol) 

and 60% Distilled Water 

V. RESULTS AND DISCUSSION 

A. Temperature distribution along the thermosyphon: 

Fig. 4 to 12 shows distance Vs surface temperature along the thermosyphon. When heat input increases, the surface temperature of 

distilled water and binary mixture used in the thermosyphon increases. The surface temperature of thermosyphon with binary mixture 

is lower than the distilled water. 

B. Effect of thermosyphon efficiency: 

Fig. 13 to 15 shows the heat input Vs efficiency of thermosyphon for various heat input and flow rates for both distilled water and 

binary mixture. The efficiency of thermosyphon gives better results for binary mixture than the distilled water all inclinations, heat 

input and flow rates. For vertical position of thermosyphon, the efficiency is higher than the other for inclination. The lower 

inclination reduces the efficiency due to the obstruction of vapour with condensate return from the condenser. The efficiency is higher 

for 80 W heat input than the 40 W and 60 W heat inputs. 
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Fig.4: Flow rate 20Kg/hr inclination 90°                                           Fig.7: Flow rate 20Kg/hr and inclination 60° 

                               

Fig.5: Flow rate 12Kg/hr and inclination 90°                                                Fig.8: Flow rate 12Kg/hr and inclination 60° 

                             

Fig.6: Flow rate 4Kg/hr and inclination 90°                                     Fig.9: Flow rate 4Kg/hr and inclination 60° 
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Fig.10: Flow rate 20Kg/hr and inclination 45°                           Fig.13: Efficiency for 90° inclination 

                                

Fig.11: Flow rate 12Kg/hr and inclination 45°                                                 Fig.14: Efficiency for 60° inclination 

                                

Fig.12: Flow rate 4Kg/hr and inclination 45°                                          Fig.15: Efficiency for 45° inclination 
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VI.  CONCLUSION 
 
The experimental investigation was carried out on two phase closed thermosyphon charged with ethanol-methanol binary mixture and 

distilled water. The effect of inclination angle, coolant flow rate and heat load on the performance of thermosyphon was 

experimentally investigated. Coolant flow rate was varied from 4 kg/hr to 20 kg/hr along with inclination angle 40° to 90° with 

horizontal axis and heat load applied from 40 W to 80 W.  

¶ Heat transfer efficiency is higher at coolant flow rate 4kg/hr. This is because at small cooling flow rate, coolant gets maximum 

time to exchange heat from condenser fluid and at larger cooling flow rate, that time span reduces because of high velocity. 

Therefore small flow rate coolant gets easily heated than larger one.  

¶ Thermal performance of inclined thermosyphon with inclination angle 90° is better for coolant flow rate 4 kg/hr. This is because 

at vertical position condensate returns to evaporator at fast rate and there is restriction to appears flooding as well as entrainment 

limit.  

¶ Based on the results, the thermosyphon charged with ethanolïmethanol binary mixture has the maximum thermal performance 

than compared to thermosyphon charged with distilled water.  
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Face Recognition Using Eigen-Face Implemented On DSP Processor 
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Abstractð This paper focus to develop an automatic face recognition using holistic features extracted that use the global 

features represented by low frequency data from face image. Holistic features are extracted using Eigen-face method where a linear 

projection technique such as PCA is used to capture the important information in the image. Euclidean distance is used for matching 

process. The propose method is tested using a benchmark ORL dataset that has 400 images of 40 persons. Euclidean distance 

classifier is tested using the TMS320C6713 digital signal processor (DSP). The computational time is less compared with the off line 

simulation using PC based. The best recognition rate is 95% when tested using 9 training images and 1 testing image represented with 

35 PCA coefficients. 

 

Keywordsð  Holistic features, Eigen-Face, PCA, Euclidean distance, ORL dataset, PCA coefficients, TMS320C6713 

INTRODUCTION 

 

Facial biometric is among the fastest growing biometric areas, but building an automated system for human face recognition is a 

challenge because humans are not well skilled in recognition numerous unknown faces. In recent years, much work has been carried 

out in face recognition, which has become successful in actual applications [5]. Face recognition can be divided into two main 

methods: two dimensional (2D) and three dimensional (3D). 2D and 3D refer to the actual dimension in a computer workspace. 2D is 

"flat", using the horizontal and vertical (X and Y) dimension, the image has only two dimensions. While 3D adds the depth (Z) 

dimension. This third dimension allows for rotation and visualization from multiple perspectives. Many face recognition methods 

including their modifications have been developed [3]. Identifying weather, a face is known or unknown can be accomplished by 

comparing a person's face from a dataset of faces. Research interest in face recognition is rapidly increasing given the many laws and 

commercial applications of face recognition [8]. 

 

Face recognition has special advantages over their system characteristics because it is a non-contact process that can identify a person 

from a distance. People are not required to place their hands on a reader or their eyes in front of a scanner in a specific position [1]. 

Face recognition also aids in crime prevention because face images that are recorded and archived can later help identify a person. The 

advantage of face recognition is not the same based on all kind of methods. Different biometric indicators are appropriate for various 

kinds of identification applications because of the varying cost, intrusiveness, ease of sensing, and accuracy of these applications [4]. 

 

A face recognition classified into verification (one-to-one matting) and identification (one-to-many matching). Face verification will 

compare the face images against a template face images whose identity is being claimed. Face identification will compare a query face 

image against all images templates in a face dataset [7]. Figure 1 shows the process of face identification. 

 

 

 

 

Face recognition methods can be divided into the following three categories: 

 

1. Feature-based methods. 

2. Appearance-based (Holistic) methods. 

3. Hybrid methods. 
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Figure 1: Face Identification Process. 

 

Feature-based methods use a priori information or local facial features to select numerous features and the identify unique individuals. 

Local features include the eyes, nose, mouth, chin, and head outline, which are selected from face images. Appearance-based methods 

use global facial information for facial recognition. The features of holistic approaches represent optical variances in the pixel data of 

face images, which are used to identify one individual from another. Hybrid face recognition system combine both holistic and feature 

based methods. 3D images are used in hybrid methods [7] [8]. 

 

PRINCIPLE COMPONENT ANALYSIS 

 

Numerous face recognition methods have been proposed, motivated by the increasing number of real world applications and by the 

curiosity on modeling human cognition. One of the most adaptable method for face images results from the statistical method called 

PCA. PCA is a feature extraction and dimensionality reduction method widely used for image recognition [7]. 

 

Covariance eigenvectors must be found to project the image to a lower dimensional feature space. The eigenvector corresponds to the 

original data directions of the principal components (PCs), and the statistical significance of the eigenvectors is provided by the 

corresponding eigenvalues. In PCA, the original data image is transformed into a subspace group of PCs [10]. PCA was initially 

offered by Kirby and Sirovich for face detection and identification. They showed that PCA is an optimal compression scheme the 

minimizes the mean squared error between original images and image reconstruction for any given compression level.  

 

Applying PCA in face recognition is started by initially performing PCA on a set of training images of known human faces. A group 

of PCs is then computed from the covariance of the training sample image. Subsequently, the raw data in a high dimensional feature 

space are projected to a lower feature space through several eigenvectors with the highest eigenvalues. The classification is performed 

in a low dimensional feature space by using a simple classifier such Euclidean distance [2].  

 

EIGEN-FACE APPROACH 

 

Eigenfaces is a sufficient and efficient method for face recognition because of its learning capability, speed, and simplicity. In 

biometric recognition systems, the underlying facial information needs to be extracted and encoded efficiently, and one facial 

encoding is compared with similar information encrypted from the database. Eigenfaces is a projection technique derived from 
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eigenvectors when the raw image is projected to a new basis vector. It is an appearance-based method in face recognition which 

determines and captures the variation in a collection of face images, and then uses this information to encode and compare the images 

of human faces holistically. The idea behind extracting such type of information is to capture as many variations as possible from a 

group of training images [11]. 

 

Mathematically, the PCs of the feature distribution of faces can be found using the eigenfaces approach. First, the eigenvectors of the 

covariance matrix of the group of face images are located, and then the eigenvectors are sorted based on the corresponding 

eigenvalues [14]. Next, a threshold eigenvalue is determined. Finally, the eigenvectors with the most significant eigenvalue are 

selected. The original face images are then projected onto the significant eigenvectors to obtain a group called eigenfaces. Every face 

has a benefaction to the eigenfaces obtained. The perfect eigenfaces from a dimensional subspace is called face space [11]. 

 

The test image recognized is also projected onto the face space to obtain a low dimensional feature. Data distribution in the feature 

space are assumed to the Gaussian. Euclidean distance is used to determine a matching value with all the dataset templates. The 

matching value of all the training images can be also determined and stored in a distance matrix [2]. The matching value of the test 

image is then compared with the group of weights of the training images, and the most suitable match is located. The objective 

function for the decision is to determine the smallest distance value between the test image and the dataset template [12]. Figure 2 

show the process of face recognition system. 

 

 

 

 

 

 

 

 

 

 

Figure 2: Face Recognition Process. 

 

 

Training steps are as follows: 

 

Step 1: Acquire an initial set of M number of face images (training images). ORL database with 400 images is used. 

 

Step 2: More than one image I(1), I(2), I(3), ..., I(M) from M number is obtained, where each image has w x h. The image is 

converted into a single vector and can be represented by the column vector of size w x h. All images are represented as a column 

vector in this work as shown in Figure 3. 

 
Figure 3: Image Representation. 

 

 

Step 3: After the images are presented as column vector, the average of the M number of training images is given as follows: 
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Where M is the total number of the training images. 

 

Step 4: The original vector image is subtracted from the average image computed in the previous step. This process produces zero 

mean images and can be computed as follows: 

 

ὃ Ὅ  ὥὺ                                                                                                                                                                                                  ς 

 

Step 5: The total scatter matrix or covariance matrix is calculated from A, as shown in the equation below: 

 

ὅέὺὥὶ 
ρ

ὓ
 ὃὲ ὃ ὲ ὃ ὃz                                                                                                                                                σ 

Step 6: The eigenvalue and eigenvector of the covariance matrix need to be calculated. 

 

Step 7: The diagonal of the eigenvalue matrix is sorted in decreasing order. The index of each sorted diagonal eigenvalue is sorted in a 

vector.  

 

Step 8: The principle components is selected by calculating the eigenfaces from the training images. The M highest eigenvalue the 

belongs to a group of eigenvectors is chosen. These M eigenvectors describe the eigenfaces. Given that new faces are encountered, the 

eigenfaces can be updated or recalculated accordingly. 

 

Step 9: The corresponding distribution in the M dimensional weight space is calculated for every known person by projecting the 

person's face image onto the face space. 

 

Step 10: Each training sample is projected onto the eigenfaces space, and the projected features are obtained. 

 

Step 11: When it is close, the weight patterns are classified as either a known person or an unknown person based on the Euclidean 

distance measured. When it is close enough, the recognition is then regarded as successful, and useful information about the 

recognized face is provided from the database that contain the face details. The Euclidean distance can be calculated from the equation 

below: 

 

Ὠὢȟὣ  ὢ  ὣ                                                                                                                                                                       τ 

 

 

Projection the test images are as follows: 

 

Based on the procedure presented in the training phase, the testing phase projects the test image using the eigenvectors developed in 

the training phase. The testing sample is normalized and then the sample is projected onto the eigenfaces space. The projected test 

image is compared with the template stored in the dataset to determine the matching values. The training image that produces a 

minimum distance is assigned to a specific class or group. 

 

HARDWARE IMPLEMENTATION 

 

The goal of hardware implementation is to develop a prototype DSP platform. The purpose is to identify the individual or multiple 

faces and archive an acceptable recognition rate with less processing time [6]. 

In this experiment TMS320C6000 is used because its high performance and suitable for this types of problems. There are three 

distinct instruction set architectures as listed below: 

1.     High Performance TMS320C6000 DSP Platform. 

2.     Control Optimized TMS320C2000 DSP Platform. 

3.     Power Efficient TMS320C5000 DSP Platform. 
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TMS320C6713 DSP PROCESSOR 

 

The C6713 DSK is a low cost standalone development platform that enables users to evaluate and develop applications for the TI 

C67xx DSP family [9]. The DSK comes with a full component of on-board drives that suit a wide variety of application environment 

Key features are listed in Table 1.  

Table 1: TMS320C6713 Key Features. 

# TMS320C6713 

1 Operating at 225 MHz 

 

2 16 Mbytes of synchronous DRAM 

 

3 512 Kbytes of non-volatile flash memory 

 

4 4 user accessible LED's and DIP switches 

 

5 Software board configuration through registers 

implemented in CPLD 

 

6 JTAG emulation through on-board JTAG emulator 

with USB host interface or external emulator 

 

7 Single voltage power supply (+5v) 

 

RESULT AND DISCUSSION 

 

In this experiment, the ORL dataset is used to validate the proposed method. The images are organized in 40 directories (one for each 

subject), which have names in the sn form, where n indicates the subject number between 1 and 40. In each directory there are 10 

different images of a person, whose name is in the form of m.pgm. where m is the image number between 1 and 10 for that person 

with each images 92 pixels x 112 pixels in size for a total of 10.304 pixels. The subjects comprise 4 females and 36 males. All the 

images are captured against a dark homogeneous background with the persons in an upright, frontal position, and with some 

allowance for side movement. Some variations occur in the facial expressions such as smiling/not smiling, open/closed eyes, and other 

facial details.  

 

1. Analysis with different number of PCA Coefficient 

 

In this analysis, the performance of their recognition system when using different number of PCA coefficient is tested. The number of 

eigenvectors is increased from 5 to 40, and the best recognition rates are examined in details. When the number of eigenvectors 

increases, many pieces of information are used during the classification. However, using too many eigenvectors produces less 

discriminative features because of the noise and redundant information in the feature space. Figure 4 shows the system performance 

by using different PCA coefficients on five training and five testing images. This analysis show that using 35 PCA coefficient 

produces results. 
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Figure 4: System Performance by Using Different PCA Coefficients 

 

 

 

2. Analysis with different number of training and testing images 

 

In this analysis, different number of training and tested images are used to examine the recognition rate. Table 2 shows that increasing 

the number of training images will increase the recognition rate. 

 

 

 

 

 

 

Table 2: Recognition Rate Using Different Number of training and testing images. 

No. of 

Testing 

Images 

No. of 

Training 

Images 

Recognition Rate 

9 

 

1 62.22 % 

8 

 

2 71.25 % 

7 

 

3 72.86 % 

6 

 

4 77.92 % 

5 

 

5 80 % 

4 

 

6 91.25 % 

3 

 

7 93.33 % 

2 

 

8 95 % 

1 

 

9 95 % 
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3. Comparison of Euclidean Distance Processing Time Using TMS320C6713 DSP Processor 

 

In this analysis, the effectiveness of the Euclidean distance classifier when implemented using the TMS320C8713 digital signal 

processor (DSP) is tested. The computational time of the classification process is only examined because implementing the whole 

system in this board requires a large memory space for data storage. The TMS320 DSP family offers the most extensive selection of 

DSPs available in the market, with a balance of general purpose and application-specific processors to suit application needs. This 

processor has a floating point arithmetic logic unit, thus producing efficient computation accuracy. The output interface element, will 

communicate the decision of the face recognition system to the interfaced asset to enable access to the user. This can be a simple serial 

communication protocol like RS232, or a higher bandwidth USB protocol. It could also be the TCP/IP protocol via a wired medium. 

Classification using the TMS320 produces the same recognition rates, but with less processing time, as shown in Table 3. In this 

analysis, C language program is compiled and build, the PCA coefficient for the template and test image are pre-calculated and are 

located into the memory module on the DSP board. 

 

 

Table 3: Processing Time Using TMS320 Compared with PC Based System. 

 

Device Time Required 

 

PC Based System 

 

 

5 Second 

 

TMS320 DSP Processor 

 

 

0.5 Second 

 

CONCLUSION  

 

Face recognition is a challenge because faces can change substantially in term of facial expression, detection, lighting and scale. This 

paper mainly focuses on the holistic face recognition method. The performance of the statistical PCA method is also investigated. PCA 

is used for the feature extraction and dimension reduction of given face images, whereas Euclidean distance is used for the matching 

process. The analysis using the ORL shows the significant performance achieved by this method, which has a 95% recognition rate. 

Using TMS320C6713 DSP Processor will reduce the time required for recognition process. 
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Abstractð Rapid prototyping (RP) is one of the fastest developing manufacturing technologies in the world today. Rapid 

prototyping is a group of methods used to rapidly manufacture a scale model of a physical part or assembly using three-dimensional 

computer aided design (CAD), Computed Tomography (CT) and Magnetic Resonance Imaging (MRI) data. Construction of the part 

or assembly is usually done using 3D printing technology. Rapid prototyping techniques are often referred to solid free, computer 

automated manufacturing, form fabrication. The need of the hour is to bring together globally this fraternity to collaborate with each 

other. 

 

Keywordsð  Rapid prototyping, STL File, SLA, LOM, SLS, FDM, 3D Jet Printing. 

INTRODUCTION 

To compete in todayôs industry environment, companies must keep up with the leading technologies and processes and also 

push the boundaries and develop new and improved products and processes. Shortening the lead-time for introducing a new product to 

the market has always been important to maximize profits and competitiveness. Recent developments in Computer Aided Design 

(CAD) technologies have significantly reduced the overall design cycle. However, the manufacturing process of the production mold 

still relies on slow and expensive machining processes. The Manufacturing Industry is an area where time, efficiency and accuracy are 

the major driving forces behind innovation and research. The most competitive companies are those who continually reduce process 

times, increase efficiency and improve accuracy. Rapid Prototyping is an area that has and is continuing to reduce production time and 

increase efficiency and accuracy in developing and manufacturing prototypes compared to traditional prototype manufacture. The 

research development of Rapid Prototyping (RP) is to give the Rapid manufacturing the needed confidence to go on to 

customized/tailor made product. 

Investment casting is a combination of science, experience and art. Prior to final design and pattern construction, it is important to 

select an investment casting foundry and initiate communications. Typically, each foundry will have unique capabilities, processes 

and requirements. In addition, pattern specifications will vary with the selection of the metal alloy and the geometry of the part. If 

producing patterns for the foundry, it is critical that the foundry reviews the design so that it can recommend necessary design 

modifications to produce the highest quality part. The foundry can also make recommendations that reduce cost, time and weight, 

while improving cast ability and product performance. Additionally, FDM research is 

ongoing, so new process guidelines may evolve. 

The goal of this research is to formulate a generalized Mathematical Model for Optimum temperature & time with given 

multiple choices of various Shell thickness & RP Part volume and find the optimal Model equation in project for the manufactured 

any complicated shape regular & non regular in confidence level by using Design of experiment technique. 

 

All the RP techniques employ the same basic five step process. The steps are as follows: 

i. Create a CAD model of the design. 

ii. Convert the CAD model in to STL format. 

iii. Slice the STL model in to thin cross sectional layers. 

iv. Construct the model one layer atop another. 

v. Clean and finish the model. 

 

a) CAD Model Creation 
 

First the object to be built is modeled using a Computer added (CAD) software package. A large number of software packages are 

available in the market like PRO/ENGINEER. These tend to represent 3-D models more accurately than the wireframe modelers such 

as AutoCAD and hence produce very good results. The designer can create a new file expressly for prototyping or may use the 

existing CAD file. The process is same for all the RP build techniques.  

 

b) Conversion to STL Format 
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The various CAD packages use a number of different algorithms to represent solid objects. To establish consistency, the STL (stereo 

lithography, the first RP technique) format has been adopted as the standard of the rapid prototyping industry. The second step, 

therefore, is to convert the CAD file into STL format. This format represents a three-dimensional surface as an assembly of planar 

triangles, "like the facets of a cut jewel. The file contains the coordinates of the vertices and the direction of the outward normal of 

each triangle. Because STL files use planar elements, they cannot represent curved surfaces exactly. Increasing the number of 

triangles improves the approximation, but at the cost of bigger files size. Large, complicated files require more time to pre-process and 

build, so the designer must balance accuracy with manageability to produce a useful STL file. Since the STL format is universal, this 

process is identical for all of the RP build techniques. 

c) Slice the STL File 

In the third step, a pre-processing program prepares the STL file to be built. Several programs are  available, and most allow the user 

to adjust the size, location and orientation of the model. Build orientation is important for several reasons. First, properties of rapid 

prototypes vary from one coordinate direction to another. For example, prototypes are usually weaker and less accurate in the z 

(vertical) direction than in the x-y plane. In addition, part orientation partially determines the amount of time required to build the 

model. Placing the shortest dimension in the direction reduces the number of layers, thereby shortening build time. The pre-processing 

software slices the STL model into a number of layers from 0.01 mm to 0.7 mm thick, depending on the build technique. The program 

may also generate an auxiliary structure to support the model during the build. Supports are useful for delicate features such as 

overhangs, internal cavities, and thinwalled sections. Each PR machine manufacturer supplies their own 

proprietary pre-processing software. 

 

d) Layer by Layer Construction 
 

The fourth step is the actual construction of the part. Using one of several techniques (described in the 

next section) RP machines build one layer at a time from polymers, paper, or powdered metal. Most machines are fairly autonomous, 

needing little human intervention. 

 

e) Clean and Finish 
 

The final step is post-processing. This involves removing the prototype from the machine and detaching any supports. Some 

photosensitive materials need to be fully cured before use. Prototypes may also require minor cleaning and surface treatment. Sanding, 

sealing, and/or painting the model will improve its appearance and durability. 

 

 

The six RP techniques available are as follows: 

 

Å Stereo Lithography (SLA). 
SLA RP technology has three main parts: a vat filled with ultraviolet (UV) curable photopolymer, a perforated build tray, and an UV 

laser. Due to the absorption and scattering of beam, the reaction only takes place near the surface and voxels of solid polymeric resin 

are formed. A SL machine consists of a build platform (substrate), which is mounted in a vat of resin and a UV Helium-Cadmium or 

Argon ion laser. A slice layer is cured on to the build tray with the UV laser. The pattern of the slice layer is ñpaintedò with the UV 

laser with the control of the scanner system. Once the layer is cured, the tray lowers by a slice layer thickness allowing for uncured 

photopolymer covering the previously cured slice. 

 

 
 

 

 

In new SL systems, a blade spreads resin on the part as the blade traverses the vat. This ensures smoother surface and reduced 

recoating time. 
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Å Laminated Object Manufacture (LOM):- 
 

 

The figure below shows the general arrangement of a Laminated Object Manufacturing (LOMÊ, registered trademark by Helisys of 

Torrance, California, USA) cell: 

 

 
 

 

 

 

Material is usually a paper sheet laminated with adhesive on one side, but plastic and metal laminates are appearing. 

1. Layer fabrication starts with sheet being adhered to substrate with the heated roller. 

2. The laser then traces out the outline of the layer. 

3. Non-part areas are cross-hatched to facilitate removal of waste material. 

4. Once the laser cutting is complete, the platform moves down and out of the way so that fresh sheet material can be rolled into 

position. 

5. Once new material is in position, the platform moves back up to one layer below its previous position. 

6. The process can now be repeated. 

The excess material supports overhangs and other weak areas of the part during fabrication. The cross-hatching facilitates removal of 

the excess material. Once completed, the part has a wood-like texture composed of the paper layers. Moisture can be absorbed by the 

paper, which tends to expand and compromise the dimensional stability. Therefore, most models are sealed with a paint or lacquer to 

block moisture ingress. 

The LOM
Ê

 developer continues to improve the process with sheets of stronger materials such as plastic and metal. Now available are 

sheets of powder metal (bound with adhesive) that can produce a "green" part. The part is then heat treated to sinter the material to its 

final state. 
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Å Selective Laser Sintering (SLS) 
 

Selective Laser Sintering (SLS)  is the rapid prototyping technology of choice for a range of functional prototype applications, 

including those with snap fits, living hinges and other mechanical joints. The ability of SLS to produce several pieces at one time also 

makes the process a good choice for Direct Digital Manufacturing (DDM) of products requiring strength and heat resistance. 

 

Thermoplastic powder is spread by a roller over the surface of a build cylinder. The piston in the cylinder moves down one object 

layer thickness to accommodate the new layer of powder. A piston moves upward incrementally to supply a measured quantity of 

powder for each layer. A laser beam is traced over the surface of this tightly compacted powder to selectively melt and weld the grains 

together to form a layer of the object. The fabrication chamber is maintained at a temperature just below the melting point of the 

powder so that the laser elevates the temperature slightly to cause sintering - the grains are not entirely melted, just their outer surfaces 

- which greatly speeds up the process. The process is repeated, layer by layer, until the entire object is formed. After the object is fully 

formed, the piston is raised. Excess powder is simply brushed away and final manual finishing may be carried out. No supports are 

required with this method since overhangs and undercuts are supported by the solid powder bed. It takes a considerable cool-down 

time before the part can be removed from the machine. Large parts with thin sections may require as much as two days of cooling. 

SLS offers the key advantage of making large sized functional parts in essentially final materials. However, the system is 

mechanically more complex than stereolithography and most other technologies. A variety of thermoplastic materials such as nylon, 

glass filled nylon, and polystyrene are available. Surface finishes and accuracy are not as good as with stereolithography, but material 

properties can be quite close to those of the intrinsic materials. The method has also been extended to provide direct fabrication of 

metal and ceramic objects and tools. Since the objects are sintered they are porous. It may be necessary to infiltrate the part, especially 

metals, with another material to improve mechanical characteristics. 

 
 

Å Fused deposition Modeling (FDM) 
. 

In Fused Deposition Modeling (FDM) process a movable (x-y movement) nozzle on to a substrate deposits thread of molten 

polymeric material. The build material is heated slightly above (approximately 0.5 C) its melting temperature so that it solidifies 

within a very short time (approximately 0.1 s) after extrusion and cold-welds to the previous layer as shown in figure. Various 

important factors need to be considered and are steady nozzle and material extrusion rates, addition of support structures for 

overhanging features and speed of the nozzle head, which affects the slice thickness. More recent FDM systems include two nozzles, 

one for part material and other for support material. The support material is relatively of poor quality and can be broken easily once 

the complete part is deposited and is removed from substrate. In more recent FDM technology, water-soluble support structure 

material is used. Support structure can be deposited with lesser density as compared to part density by providing air gaps between two 

consecutive roads. 
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Å 3D Ink Jet Printing 

 

Three Dimensional Printing (3DP) technology was developed at the Massachusetts Institute of Technology and licensed to several 

corporations. The process is similar to the Selective Laser Sintering (SLS) process, but instead of using a laser to sinter the material, 

an ink-jet printing head deposits a liquid adhesive that binds the material. Material options, which include metal or ceramic powders, 

are somewhat limited but are inexpensive relative to other additive processes. 3D Printing offers the advantage of fast build speeds, 

typically 2-4 layers per minute. However, the accuracy, surface finish, and part strength are not quite as good as some other additive 

processes. 3D Printing is typically used for the rapid prototyping of conceptual models (limited functional testing is possible).  

 

The 3D printing process begins with the powder supply being raised by a piston and a leveling roller distributing a thin layer of 

powder to the top of the build chamber. A multi-channel ink-jet print head then deposits a liquid adhesive to targeted regions of the 

powder bed. These regions of powder are bonded together by the adhesive and form one layer of the part. The remaining free standing 

powder supports the part during the build. After a layer is built, the build platform is lowered and a new layer of powder added, 

leveled, and the printing repeated. After the part is completed, the loose supporting powder can be brushed away and the part 

removed. 3D printed parts are typically infiltrated with a sealant to improve strength and surface finish. 
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CONCLUSION 

This paper provides an overview of RP technology in brief and emphasizes on their ability to shorten the product design and 

development process. Classification of RP processes and details of few important processes is given. The description of various stages 

of data preparation and model building has been presented. An attempt has been made to include some important factors to be 

considered before starting part deposition for proper utilization of potentials of RP processes. Finally, the rise of rapid prototyping has 

spurred progress in traditional subtractive methods as well. Advances in computerized path planning, numeric control, and machine 

dynamics are increasing the speed and accuracy of machining. Modern CNC machining centers can have spindle speeds of up to 

100,000 RPM, with correspondingly fast feed rates. Such high material removal rates translate into short build times. For certain 

applications, particularly metals, machining will continue to be a useful manufacturing process. Rapid prototyping will not make 

machining obsolete, but rather complement it. 

 

REFERENCES: 

[1] Robert Bakker, Edwin Keijsers, and Hans van der Beak ñAlternative Concepts and Technologies for Beneficial Utilization of 

Rice Strawò Wageningen UR Food & Biobased Research ,Number Food & Biobased Research number 1176 ,ISBN-number 

978-90-8585-755-6,December 31st, 2009  [2] Ransom and Randolph ï supplier of shell systems and other products to the IC 

industry 

[2] Schenectady Materials and Processes Laboratory, Inc & Biomet Inc. 

[3] Howmet Research Corporation, communication to Stratasys, INC.-June 1998. ABS-P400 MSDS Sheet, November 4, 1994. EPA 

Handbook, Control Technologies for Hazardous Air Pollutants, June 1991. 

[4] Dilip Sahebrao Ingole; Abhay Madhusudan Kuthe,òRapid Prototyping ïa Technology transfer approach for development of rapid 

toolingò; Rapid Prototyping Journal Vol.:15, No.:4, July 31,(2009),Pg 280-290. 

[5] Loose, K., Investigation of Optimum Process Parameters for Burnout of SLA Parts, Institute of Industrial Science, University of 

Tokyo. 

 [6] Alain Bernard, Jean-Charles Delplace, Nicolas Perry and Serge Gabriel; ñIntegration of CAD and rapid manufacturing for sand 

casting optimizationò; Rapid Prototyping Journal; Vol9, No.5, (2003), pp. 327ï333 

[7] C. W. Lee, C. K. Chua, C. M. Cheah, L. H. Tan, C. Feng; ñRapid investment Casting: direct and indirect approaches via fused 

deposition modelingò; International Journal Adv Manufacturing Technology, (2004), vol23: pg 93ï101. 

[8] S. Jones, C. Yuan; ñAdvances in shell molding for investment castingò; Journal of Materials Processing Technology; vol.135, 

(2003), pg 258ï265. 

[9] W.L. Yao and Ming C. Leu; ñAnalysis of shell cracking in investment casting with laser stereolithography patternsò; Rapid 

Prototyping Journal; Volume 5, Number 1,(1999),pg 2ï20. 109 

[10] D.K. Pal, Dr.B. Ravi; ñRapid tooling route selection and evaluation for sand and Investment castingò; Virtual and Physical 

Prototyping Journal; 2(4), pg197-207, (2007). 

[11] Rapid Prototyping (principles & applications)-Rafiq Noorani,Los Angeles, CA, Jhon wiley & sons, INC. 

[12] Rapid Prototyping & Manufacturing- Paul F. Jacobs, Mc graw-hill publishers. 

[13] Rapid Investment Casting via FDM Journal of advanced Manufacturing Technology C.lee, C.K.Chua Vol23,(2005),Pg 29-101. 

[14] Che Chung Wang, Shr-Shiung Hu; ñOptimizing the rapid prototyping process by 

Integrating the Taguchi method with the Gray relational analysisò; Rapid Prototyping Journal; Vol 13,No.5, (2007), 304ï315. 

[15] D. C. Montgomery, Design and Analysis of Experiments (second ed.), Wiley, New York, 1990. 

[16] Robert L. Mason, Richard F. Gunst, Dallas, Texas, .James L. Hess. Statistical Design and Analysis of Experiments with 

Applications to Engineering and Science (Second Edition), A John Wiley & sonôs publication, 2003 

[17] Minitab User Manual Release 14 MINITAB Inc, State College, PA, USA, 2003 

[18] Stratasys material properties. 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

120                                                                                                   www.ijergs.org   

A Review On Gabor filters- An Optimal Filter For Corner Detection  

Preeti Bala Sahu 
Dept. Of Electronics & Telecommunication, Chouksey Engg. College,Bilaspur,Chhattisgarh 

Chhattisgarh Swami Vivekananda Technical University,Bhilai(Chhattisgarh) 

495001,India 

preeti.sahu62@gmail.com, 9074219475 

 

Abstractð This study proposes a contour-based corner detector using the magnitude responses of the imaginary part of the Gabor 

fi lters on contours. The proposed corner detector combines the pixels of the edge contours and their corresponding grey-variation 

information. Firstly, edge contours are extracted from the original image using Canny edge detector. Secondly, the imaginary parts of 

the Gabor filters are used to smooth the pixels on the edge contours. At each edge pixel, the magnitude responses at each direction are 

normalised by their values and the sum of the normalized magnitude response at each direction is used to extract corners from edge 

contours. Thirdly, both the magnitude response threshold and the angle threshold are used to remove the weak or false corners. 

Finally, the proposed detector is compared with five state-of-the-art detectors on some grey-level images. The results from the 

experiment reveal that the proposed detector is more competitive with respect to detection accuracy, localisation accuracy, affine 

transforms and noise-robustness. 

Keywordsð contours ,pixels, normalized, localisation, affine transforms ,grey-variation ,noise- robustness 

INTRODUCTION 

Corner detection is an  important task in computer vision and image processing systems. There are many applications based upon the 

successful detection of corners, including object tracking, three-dimensional scene reconstruction [1ï3]. The existing corner detectors 

can be broadly classified into two groups: intensity-based [4ï12] and contour-based [13ï17] methods. 

          Intensity-based methods indicate the corners directly on the grey-level image. Moravec [4] observed the intensity variation 

between the adjacent pixels of an edge or a uniform region of an image is small. However, the intensity variation is large in all the 

directions at the corner. Harris and Stephens [5] developed Moravecôs idea into the Harris algorithm, applying the local auto-

correlation matrixôs eigen values to detect corners. This method has good repeatability under rotation and affine transforms. However, 

it is sensitive to noise and suffers from delocalisation problem, because the Gaussian filtering  is not adapted to the image structure 

[6]. Later, the wavelet [7], the Gabor wavelet [8] and the Log-Gabor wavelet [9] were used to detect corners in the framework of 

Harris algorithm, which extract fine local multi-scale and multi-direction intensity variations information, construct the second 

moment matrix and take the eigen values as the corner measurement. There are many other algorithms [10ï12] that examines image 

patches to fit predefined corner models, which have good or better corner localisation and noise robustness than those previously 

mentioned algorithms. 

    Contour-based methods first extract input imageôs edge contour by some edge detector and then analyse contoursô shape to detect 

corners. The curvature scale space (CSS) technique is widely used in the contour-based methods [13ï 17].  Mokhtarian and Suomela 

[13] proposed CSS algorithm by computing the edge contoursô absolute curvature at different scales and tracking curvature from high 

to low scale. CSS detector performs well in corner detection but suffers from two main problems [14]. Curvature estimation technique 

is sensitive to the local variation or noise on the contour, and it is difficult to choose appropriate Gaussian scales to smooth edge 

contour. Large Gaussian scale suppress noise well while degrades corner localisation, and small Gaussian scale preserves the corner 

localisation well while fails in noise suppression. Therefore some algorithms are developed to alleviate these problems. He & Yung 

[15] modified the CSS detector by using the dynamic region of support (ROS). Awrangjeb et al. [14] proposed multi-chord corner 

detector based upon the chord-to-point distance accumulation (CPDA) [16] technique. Hu et al. [17] proposed a corner detector by 

searching the contour for the tangent point in the direction of the angle bisector. In a way, the above mentioned detectors have 

improved CSS detectorsô performance, while the analysis of the contour shape without considering the grey information of the edge 

contour. 

     It was proved [18] that the Gabor filters are suitable to be used as the model of human visual system. Shen and Bai [19] 

demonstrated Gabor filters are the optimal filters to extract local feature for various applications, such as face recognition [20] and 

edge detection [21]. Inspired by the definition that corner is the point with low self-similarity in all directions [12], as well as the work 

of contour-based corner detectors [13ï17], we use the imaginary part of Gabor filters (IPGFs) to smooth the pixels of edge contours 

and extract the fine grey variation information. The sum of the normalised magnitude response at each direction (SNMRED) is 

embedded into the framework of the contour-based methods to develop a new corner detector. Here, the SNMRED is defined as a new 

corner  measure to detect corners from edge contours, which also confirms the cornerôs definition [12]. 
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    Compared with the traditional contour- based detectors, the new corner measure uses not only the contoursô geometric features well 

but also the directional grey-variation information of the pixels of contours completely. The proposed detector is compared with the 

five state-of-the-art corner detectors [5, 10, 13ï15] based upon detection accuracy, localisation accuracy, repeatability under image 

affine transform and noise-robustness. The experimental results show our approach is more competitive. 

    This paper is organised as follows. In Section 2, characteristics of the IPGFs are introduced. The new corner measure on contours 

and proposed algorithm are presented in Section 3. The new detector is compared with the five state-of-the-art detectors, and 

performance analysis is described in Section 4. Finally, a conclusion is given. 

IPGFs for corners detection  

Pellegrino et al. [22] analysed IPGFs can provide fine directional intensity variation information around a pixel which motivates us to 

develop a new corner detector. In this section, we briefly introduce the property of IPGFs for corner detection.  

     In the spatial domain, two-dimensional (2D) Gabor is an elliptical Gaussian function in any rotation modulated by a sinusoidal 

plane wave. The corresponding IPGF [23] is 

ꜝ(x,y;f,Ὧ) = fӤÅf exp-( (f Å f)xôÅxô+(fÅf)yôÅyô)sin(2Ʉfxô) 

                  Ʉɔɖ           ɔÅɔ            ɖÅɖ 

             xǋ = x cos Ὧ + y sin Ὧ 

            yǋ = īx sin Ὧ + y cos Ὧ                                                   (1) 

where ɔ and ɖ are the sharpness along the major and minor axis, respectively, which control the filterôs sharpness; f is the central 

frequency of the filter, ɗ is the anticlockwise rotation angle of the Gaussian major and the plane wave. For an input image I(x, y), 

IPGFs response can be calculated at any location (x, y) with the convolution 

ɕ(x, y; f , Ὧ) = I (x, y)ꜞ(x, y; f , Ὧ) 

   Ð 

=ÚÚ I (x ī xʛ , y ī yʛ )ꜞ(x, y; f , Ὧ) dxʛdyʛ 

 -Ð                                                                            (2) 

The input images are 2D discrete signals in the integer lattice 

To extract local intensity variation information around a pixel, various filters along different orientations need to be used. Given a 

central frequency f, the width of the major axis ɔ and minor axis ɖ, the discrete IPGFs are derived by sampling the function in (1) 

(ꜝm,n;f,k) = fÅf exp-((fÅf) uÅu +(fÅf) vÅv)sin(2Ʉfu) 

                     Ʉɔɖ       ɔÅɔ           ɖÅɖ  

u=   mcosⱥk + nsinⱥk,  v = -msinⱥk + ncosⱥk 

                    

       ⱥk=Ʉk, k= 0,1,éé.,K-1                                               (3) 

              K 

where K is the number of orientations, ɗk is the kth orientation. Fig. 1 shows the IPGFs at eight orientations. 
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                                                                                     Fig. 1 A set of IPGFs at eight orientations, f = 0.2, ɔ = 1, ɖ = 2 

 In this way, for an input discrete image I(m, n), the magnitude response of the discrete IPGFs along the orientation ɗk is calculated by 

the convolution operator 

ɕ(m,n;f,k) =I(m,n)*ꜞ(m,n;f,k) 

                 =× × I(m-mx, n-ny) ꜝ(m,n;f,k)               (4) 

The magnitude response of the IPGFs along the orientation ɗk reflects the intensity variation of the input image along the orientation 

ɗk + ˊ/2. As a result, a set of the IPGFs along the different orientations can reflect the intensity variation around the edge pixels or 

corners completely. For a step edge, L-type corner, Y-junction, X-junction and star-like junction, the magnitude responses of the 

IPGFs are shown in Fig. 2. 

 Corner measure on contours and new corner detector 

In this section, we propose a new corner measure and detection algorithm using the IPGFs on contours to detect corners, which 

combines the shape of the edge contours and the grey-variation information of pixels on the edge contours. 

New corner measure using IPGFs on contours 

The contour-based methods[13ï17] are popular in corner detection that include three steps: extract edge contour by some edge 

detectors (such as Canny detector [24]), smooth edge contour by single- or multi-scale Gaussian function and compute their 

corresponding curvatures, the local curvature maxima points are selected for corner decision. These methods only consider the shape 

of the edge contours, with lack of intensity-variation information bringing two problems: Gaussian smoothing degrades the 

localisation accuracy and it is sensitive to local variation or noise on the contour. To overcome the above mentioned problems, we 

propose a new corner measure using the IPGFs on the edge contours.   

 

Fig. 2 Magnitude responses of the IPGFs of a step edge, L-type corner, T-junction, X-junction, and star-like junction 

After the edge contours are extracted by the Canny edge detector, IPGFs smooth the pixels on the contours. In [4], corner is defined as 

the intensity variation is large in all directions, but small otherwise. However, we found image may be polluted by the noise or 

discretisation errors, it causes some non-corner pixels have large value of intensity variation at one or several orientations and leads to 

the increase of the probability of the false or missing detection. To enhance the detection accuracy and alleviate the noise or local 

variationôs effect, the new corner measure is constructed by the SNMRED. In addition, normalisation makes the feature also 

illumination invariant. For each pixel on the contour, the SNMRED is defined by 

 (m, n; f , k) =μ ʸόƳΣƴΤf,k)| 

                 ƳŀȄϑμ ʸόƳΣƴΤf,k)|} 

                    k                                                             (5) 

                                         k 

  SNMRED(m, n; f ) = ʃ ң  όƳΣ ƴΤ f Σ ƪω ƳΣ ƴΤ f , k) 
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                                   K  k=1 

 

 Whether a pixel is a corner point depends upon the pixel itself and its neighbouring pixels. In this sense, only if the orientation angle 

sampling interval in (5) is close enough, each pixel on the contour and its neighbouring pixelsô relation information can be fully 

derived, which will be helpful to construct a robust corner detector. 

           An example of the new corner measure and its corresponding comparison results with He & Yung [15] corner measure is given 

in Fig. 3. The test image óBlockô, one contour of the test image ( extracted by Canny edge detector) and its corresponding 13 real 

corners are shown in Figs. 3a and b, respectively. 

        Fig. 3c shows the corner measure of He and Yung detects a false corner (marked by óǏô) and some false local maxima (marked 

by óoô), which may increase the probability of the false detection. The reason is that the CSS curvature estimation technique involves 

the second derivative computation. The higher-order derivatives cause instability and errors in results. The local variation or noise on 

the contour degrades the detection performance. To alleviate the noise influence, He and Yung algorithm applies a Gaussian function 

to smooth the contour. The large scale Gaussian function removes noise well while degrades the localisation performance; and vice 

versa. Fig. 3d shows the result of the proposed corner measure. With the observation of SNMRED change, the SNMRED of the 13 

real corners are all large which can easily be detected, and the SNMRED of edge pixels are all relatively small. The reason is that the 

proposed corner measure uses not only the edge pixelsô shape information but also the edge pixels and their neighbouring pixelsô fine 

intensity-variation information. 

 

 

 

                                                                                      Fig. 3 Comparison of the two corner measures on a contour 

                                                                                                                 a óBlockô image  b Edge contour with 13 corners 

                                                                                                                 c He and Yung [16] corner measure, and 

                                                                                                                   d Proposed corner measure 

Some local variation or noise effect can be effectively reduced by the normalised sum of the magnitude responses. In this context, the 

new corner measure can reduce the probability of false or missing corner detection. 

Candidate corner set refinement 

After the computation of the corner measure, the local maximum SNMRED points are collected as candidate corners. A local 

maximum is either a true corner or a weak corner or a false corner. The latter two are because of the noise impact, and Canny edge 

detector may cause some edge contours deviating from true position. 

      To alleviate this problem, angle-threshold decision is used. If the estimated angle at each candidate corner is larger than the angle-

threshold ŭ, the candidate corner is removed from  the candidate corner set. The angle calculation technique [13] is applied as shown 

in Fig. 4.  
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      As for a candidate corner C, the corresponding angle C᷁ is calculated by using the two tangents TDl and TDr on both sides of the 

corner C. The ROS of point C is defined by the two nearest points D and E on both sides of the corner C. The two points D and E 

could be the candidate corners or the end points. To calculate the tangent angle ɓTDl , 0 Ò ɓTDl Ò 2Ʉ, three points (C, the mid-point 

M and E) are selected; then, a simple three-point method is employed to fit a circle approximately on the left arm of ROS (from C to 

D). If the three points are collinear, the tangent direction on the left side of C is from C to E. Otherwise, the centre of circle Co is 

calculated by the three points C, M, and D. ◒ is used to represent the direction from C to M and ◖ is used to represent direction from C 

to Co. Then, the left tangent angle ɓTDl  is calculated as follows 

T̡D1 Ґ ˒ Ҍ ǎƛƎƴόǎƛƴ ό  - ˒ ύύʃκн                                        (6)  

where sign is a signum function. Similarly, the tangent angle ɓTDr, 0 ÒɓTDr Ò 2Ʉ, on the right arm of CE is determined. 

Hence, the angle ᷁C can be obtained               

C᷁= {| ɓTDl - ɓTDr|,          if | ɓTDl - ɓTDr | < Ʉ  

            2Ʉ- | ɓTDl - ɓTDr |,    otherwise                     (7) 

Finally, the candidate corner C is a true corner if ᷁C satisfies 

C᷁ Ò ŭ                                                                           (8) 

where ŭ is the angle threshold. 

 

 

                                                                            Fig. 4 Angle calculation on the candidate corner C 

Proposed SNMRED corner detector 

The proposed method first detects binary edge map by Canny edge detector and extracts edge contour. IPGFs are used to smooth the 

edge pixels on the contours, and the magnitudes at every pixel along different directions are obtained. Then the SNMRED is computed 

as the corner measure. The outline of the proposed algorithm is 

1. Extract a binary edge map from the input image by Canny edge detector. 

2. Extract edge contours from the edge map, fill gaps if they are within a range. 

3. Smooth the pixels on the edge contours using IPGFs, compute SNMRED for each pixel on the contours. 

4. For each edge contour, apply non-maximum suppression to the result obtained in the step 3. If the SNMRED of one pixel is a local 

maximum, the pixel is marked as a candidate corner; otherwise, it would be set to zero. 

5. To remove weak corners, compare the candidate corners obtained in step 4 with a threshold Th. 

6. Calculate angle at each candidate corner obtained in step 5 and compare with the angle-threshold ŭ to remove false corners. 

 EXPERIMENTAL RESULTS AND DISCUSSION  

Summary of the proposed parameter setting 

The parameters setting of the proposed detector are: f = 0.2, ɔ = 1, ɖ = 2, K = 90, Th = 0.52 and ŭ = 168Á. According to the Nyquist 

sampling theory, the upper and low central frequency f for a 2D image is 0.5 and 0 cycles/pixel, respectively. As [25] mentioned 

implementation of filters with high central frequency (e.g. above 0.2 cycles/pixel) requires the filters to be sampled more densely than 
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the available grid, which increases the difficulty of filter design; whereas the low central frequency may degrades the feature 

localisation accuracy. Then the central frequency is 0.2. The selection of the parameters ɔ = 1 and ɖ = 2 conform to the physiology 

findings [18], which help the Gabor filters to extract the image structure information effectively and economically. The parameter 

values of K, Th, and ŭ are decided by experiments. Two commonly-used grey-scale images with GTs, óBlockô and óLabô, are used in 

the experiments of parameters selection. Fig. 5 shows the two images and their GTs, which have 59 and 249 GTs, respectively. The 

criteria [15] of detection accuracy and localization error are as follows: CDET and CREF represent the detected corners set by a 

particular detector and the reference corners set, respectively. For a detected corner in the CDET set, its corresponding minimal 

distance from the CREF set is found. If the minimal distance is less than the predefined distance Dmax(Dmax = 4), then the detected 

corner is marked as a true corner; otherwise, it is labelled as a missed corner. The localisation error is defined as the average distance 

on all the matched pairs. 

 

 

 

                                                                                                        Fig. 5 Test image ŀ Ψ.ƭƻŎƪΩ ǿƛǘƘ D¢ǎ ō Ψ[ŀōΩ ǿƛǘƘ D¢ǎ 

 Let {(CREFi, CDETi), i = 1, 2,é, Nr} be the matched corner pairs in the reference and detected corners set, respectively. Then, the 

localisation error [14] is calculated by 

  

 Nr                                2                                                                      

Le = ã 1 ×  || CREFi- CDETi ||                              (9) 

          Nr i=1                             2                                      

where Nr is the number of the repeated corners between them. 

     The values of K, Th and ŭ affect the detection accuracy, and only the orientation numbers K affects the localisation. Provided that 

the orientation sampling interval is close enough, the effect of two variables Th and ŭ change on the proposed method is shown in Fig. 

6a. When both the two variables were set small, the average missed corners were relatively small, but its average false corners were 

high. 

           

                                                         

 

                                                                                   Fig. 6 Effect of the parameters change on the proposed detector 

                                                                                                     a Different parameter setting 

                                                                                                     b Orientation numbers 
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                                                                                                     c Orientation numbers 

However, when the two variables were increased above Th = 0.52 and ŭ = 168Á, the average missed corners became large, whereas the 

average false corners remained constant. Therefore we chose the two thresholds Th = 0.52 and ŭ = 168Á. Figs. 6b and c show the effect 

of the orientation numbers change on the proposed detector. With the reduction of the orientations, all the average of missed corners, 

the average of false corners, and the localization error increase. The reason is that small orientations cannot extract enough grey-

variation information. However, when the orientation was above 90, both the detection accuracy and localisation error remain stable. 

In this way, the orientation number is set to 90. 

Performance evaluation using GT images 

In this subsection, óBlockô and óLabô are used in the performance evaluation using GTs. The detection results in the noise-free cases 

are shown in Figs. 7 and 8, respectively. The results are summarised in Table 1. For the two test images, the Harris and SUSAN detect 

the more number of false corners than the four  contour-based corner detectors and the localisation errors are the worst. The reason is 

that the two methods are single-scale detectors and only work well if the image has similar-size features [15], but ineffective 

otherwise; and the accuracy of localisation degrades for the same reason. The CSS has the third largest number of the false corners 

and the third worst localisation. It is because of the CSS depends on the choice of Gaussian smoothing-scale, which results in the 

corner localisation deviates from the really position; meanwhile, the inappropriate smoothing scale results in some true corners 

missing detected and some false corners detected. The CPDA performs the best in the index of false corners and the second best in 

localisation error. However, the CPDA performs the worst in the index of missed corners. The reason is that multi-chord product in 

the CPDA measure depends upon the chord choice. Only if the three curvatures of the corner are all strong, then the corner be 

distinguished. Otherwise, if two curvatures of three are large, one is small, or one is large and two are small, the multi-product may be 

small, which results in missing many true corners. By contrast, He and Yung and the proposed method achieve better performance, 

which have smaller number of missing corners, false corners and amount of localisation error relatively. 

 

 

                                                                                             Fig. 7 Detection results on the óBlockô image 

                                                                                                           a Harris 

                                                                                                           b CPDA 

                                                                                                           c He and Yung 

                                                                                                          d Proposed method 

 As for a test image, missing a true corner and detecting a false corner yield the same loss in detection performance, the ratio of the 

number of missed and false corners to the number of GTs is used to evaluate the detection performance of a detector quantitatively. 

For the test image óBlockô, the ratios of the six detectors are 19/59, 34/59, 21/59, 29/59, 18/59 and 12/59, respectively. For the test 

image óLabô, the ratios of the six detectors are 195/249, 166/249, 146/249, 138/249, 128/249 and 119/249, respectively. It can be seen 

that the proposed method achieves the best detection performance in the noise-free case. Meanwhile, it is shown in Table 1 that the 

proposed method achieves the smallest localisation error, CSS, CPDA and He and Yung are moderate, the Harris and SUSAN are the 

poorest. 
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                                                                                                        CƛƎΦ у 5ŜǘŜŎǘƛƻƴ ǊŜǎǳƭǘǎ ƻƴ ǘƘŜ Ψ[ŀōΩ ƛƳŀƎŜΥ 

                                                                                                        a Harris b CPDA c He and Yung d Proposed method 

 

                                                                                  Table 1 Evaluation results for the noise-free images 

Detectors                                Missed corners                                                              False corners                                                                          Localisation 

 

                                                                                                                            óblockô image 

Harris [5]                                   13                                                           6                            1.8484 

SUSAN [10]            15                    19                                                   1.7626 

CSS [13]                   4                     17                            1.7545 

CPDA [14]              28                    1                             1.4011 

He and Yung[15]     12                     6                             1.4802 

Proposed                  5                     6                                              1.4008  

                                                                                                                              óLabô image 

Harris                       67                   128                          1.5011 

SUSAN                    69                     97                          1.4981 

CSS                         58                     88                           1.5097 

CPDA                     124                   14                            1.3206 

He and Yung          51                    77                                           1.3926 

Proposed                52                    67                                           1.2884 

 

 

 

Repeatability under image affine transform 

In this subsection,  performance evaluation of corner detection based upon average repeatability under affine transform [14] is 

adopted, which avoids the traditional evaluation technique based upon the human judgment and can be used with any size of database. 

Twenty-eight different common images, including óLenaô, óLeafô, óLabô and óBlockô are used to evaluate the average repeatability. 

The transformed images were obtained by applying the following six different types of transforms on each original image: 

À Rotations: 18 different angles ɗ in [ī90°, 90°]at 10°apart, excluding 0°. 

À Uniform scaling transforms: scale factors sx = syin [0.5, 2.0] at 0.1 apart, excluding 1.0. 
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À Non-uniform scaling transforms: scale factor sx = 1and sy in [0.5, 1.9] at 0.1 apart, excluding 1.0. 

À Gaussian noise: zero mean white Gaussian noise at 15 standard deviation in [1, 15] at 1 apart. 

The average repeatability Ravg  measures the average number of repeated corners between original and affine transformed images. It 

is defined as 

Ravg = Nr ( 1 + 1 )                                                (10) 

             2     No  Nt 

where No and Nt represent the number of detected corners in the original and transformed images by one detector, and Nr is 

the number of repeated corners between them. It is noted that a corner point pi is detected in original image and its corresponding 

position is point qj after image geometric transform. If a point is detected in geometric transformed image, which is in the 

neighbourhood of qj (within 4 pixels), then a repeated corner is achieved.  

         The results of the average repeatability under the six transforms are shown in Fig. 9. As the Figs. 9a and b shown, the six 

detectors preserve high repeatability under rotation and uniform scaling. The reason is the six detectors are robust to image rotation 

and uniform scaling in the continuous form. However, the resampling of the transform images mainly affects the corner detection 

performance of the three transforms. Fig. 9c shows the repeatability of non-uniform of the six detectors is low. The reason is that six 

detectors are sensitive to image non-uniform in continuous form. For Gaussian noise, the six detectorsô robustness decreased with the 

increase of the noise variance, as shown in Fig. 9d. It is shown the proposed method achieves the largest repeatability for rotation, 

uniform scaling transformation. For the other two indices, the proposed method is the second best. It can be seen the six detectors are 

different in detection performance, localisation accuracy, affine transforms and noise-robustness. Fully compared the performance of 

the detectors at these four aspects, the proposed detector is better in overall performance. This owes to the fact the pixelsô intensity 

variation of the edge contour is realizably utilised in contour-based detection frame.  

 

                                                                                    

                                                                         Fig. 9 Average repeatability results under rotation, uniform scaling, non-uniform scaling and Gaussian noise 

                                                        a Rotation transformation b Uniform scaling transformation c Non-uniform scaling transformation d Gaussian noise 
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CONCLUSION 

The main contribution of the paper is the consideration of the edge contours and their corresponding grey-variation information in the 

corner detection. The IPGFs are used to smooth the edge pixels and the sum of the normalized magnitude responses are used to 

identify corners, which can enhance the detection accuracy and suppresses the false or missing detection. The proposed detector 

outperforms the five state-of-the-art corner detectors in terms of the detection accuracy, localisation accuracy, noise robustness and the 

repeatability under image affine transforms. However, it has been observed from some of the  experimental results that the proposed 

detector also detects some false corners. This is because of the fact that the single centre frequency is used to tune the IPGFs, thus 

ignoring some special corner features present within other bands. This suggests the use of multi-frequencies for the construction of 

IPGFs and the detection of corners. Moreover, the use of 90 orientations of IPGFs to detect corners increases the computational 
complexity. The future work is to use the simplified Gabor filters [21] to detect corners, which may keep the similar performance of 

the proposed method, but it requires a significantly smaller amount of computation. 
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Abstract - As software in an embedded system has taken responsibility for controlling both software, and hardware components, the 

importance of estimating more accurate reliability for such software has been increased. To estimate the reliability of software, we use  

software which is a of  collection of bits so while analyzing of system the software reliability in terms of bit it gives better result 

comparison to software reliability in terms of time analysis. The software is the collection of bits and during the execution bits are 

processed and it defines the level of execution. While we analyze the bit we justify the performance of system and estimate the 

reliability in a better way. However, many researchers have developed software reliability models assuming that software failures are 

caused by only software faults, which might lead to inaccurate reliability estimation. 

 In this paper a Software Reliability model is proposed in which the performance of the existing reliability model is 

improved.  

 

Keywords ï Software Reliability, Embedded Software Reliability, Embedded System, Bit-rate, Clock speed, TPT, BSC. 

 

 

INTRODUCTION  

 Software is safety-critical if a failure can directly cause loss of human life or have other catastrophic consequences [1], 

examples include systems that control aircraft, nuclear reactors, and medical devices. Clearly the reliability and correctness of such 

software needs to be demonstrated with high assurance, and regulatory agencies in safety-critical industries typically require system 

providers to meet stringent certification requirements [2]-[4]. 

 Software reliability is defined as the probability of the failure-free operation of a software system for a specified period of 

time in a specified environment [4]. For mission critical systems, redundancy techniques are commonly applied to achieve high 

reliability. For embedded systems consisting of software and hardware components, redundancy can be achieved by applying extra 

copies of these components (in parallel) to handle the system workloads [5]-[7].  Various software reliability growth models (SRGMs) 

exist to estimate the expected number of total defects (or failures) or the expected number of remaining defects (or failures). Some 

well known SRGMs are Goel model (1985), Goel and Okumoto model (1979), Kececioglu model (1991), Musa and Ackerman model 

(1989), Musa et al. Model (1987), Yamada et al. Models (1983, 1985, 1986) etc [8]-[18]. These models have some limitations. Each 

model can provide good result for a particular data set, but no model is good for all data sets [19]-[28]. 

 In this paper we present a software reliability model which is successfully used to solve the reliability modeling problem 

according to embedded software size and its execution rate, that are having limited number of bits. 

 

1. EMBEDDED SOFTWARE RELIABILITY  

 Software is a set of instruction that have several bits to elaborate the bits (0/1). Embedded software are basically design for a 

specific task for example press, air-condition, aircraft etc. that have a specific length, and can be countable in bits, or during execution 

we can justify each and every clock cycle for its bits involved. According to clock speed we can also define its reliability of 

instructions per cycle execution, if we justify the probability of failure free operation then we can easily estimate the reliability 

problem. 

 Reliability is the function of time and probability in hardware reliability calculation but software is not having the wear out 

time so we can say that a software may not fully depend upon time so estimation of software reliability is quite crucial in terms of 

time. While we consider bit rate and probability of its failure then we can easily derive the reliability in form of total probability 

theorem and Bernoulli Trials. So the reliability model with respect to bits can be processed data for failure free operation per clock, 

and estimate the failure per cycle until the whole execution completes.  
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B 

1.1 SOFTWARE RELIABILITY IN PER CYCLE EXECUTION  

 Let a system that have ónô bits that execute in one clock cycle and each bit having its own failure probability, where Pf is 

failure probability per bit and R is reliability. According to the reliability theory reliability is compliment of probability of failure 

occurred, so reliability occurrences per bit in each cycle is: 

   R(n) = 1-Pf(n)        (1) 

The above expression shows the reliability per bit, where R(n) is the reliability of n
th
 bit, Pf(n) is the probability of failure of n

th
 bit, n 

is the number of bit per cycle. In case of over-all reliability of n bits in a clock cycle, the execution fails if any bit is missing in the 

clock. The over-all reliability of ónô bitôs is:   

       F(Rn)=R(1)UR(2)é.UR(n)      (2) 

The above expression shows that the over-all reliability is the union of the all individual bit reliability. 

 

1.2 SOFTWARE RELIABILITY IN TERM OF TOTAL PROBABILITY THEOREM (TPT)  
 Let a system clock cycle execute 8 bits data (it can have ónô bits), and all bits having its own failure probability (B1, B2, B3, B4, 

B5, B6, B7, B8), and the shaded portion shows the probability of failure for clock.  

See figure 1.  

 

A1 A2 

 

A3 A4 

A5 
 

A6 

 

A7 

 

A8 

Figure 1:- A system clock having 8 bit. 

 The shaded portion represents óBô, and B = B1 + B2 + B3 + B4 + B5 + B6 + B7 + B8.Where B1, B2, B3, B4, B5, B6, B7, B8 is the 

failure probability of each bits in clock and A1 to A8 are mutually exclusive or disjoint event (that bits are process) of clock óCô. So C 

= A1 + A2 + A3 + A4 + A5 + A6 + A7 + A8. 

 The total probability theorem let us to compute the probability of an event occurring by enumerating all the different 

condition that can occur which gives the probability of failure that occurs in the cycle execution óPfcô.  

 So ,   Pfc = P (B ž C)        (3) 

   Pfc = P (Bž(A1UA2éUA8))  

   Pfc = P((BžA1)U(BžA2)..U(BžA8)) 

   Pfc = В0"᷊ !É 

   Pfc  = В0" !᷄É 0!É       (4) 

This give the failure probability occurs in clock execution. 

1.3 RELIABILITY IN TERM OF BERNOULLI TRIALS  
 For ónô bits, data are processed in per clock cycle, and having failure probability óPeô for each bits, so the probability of 

successes is: 

    Q = 1- Pe       (5) 

 Failure probability in term of Bernoulli Trials is the probability of achieving exactly k failure in n trials. 

 

 

Let the probability for ókô failure in ónô bits data process, and ópcô is the failure probability of clock cycle. 

   Pc =  ( 
ὲ
Ὧ
) Pe

 k
  (Q)

n-k
       (6) 

   Pc =  ( 
ὲ
Ὧ
) Pe

 k
  (1- Pe)

n-k
 

   Pc =   
Ȧ

Ȧ Ȧ
 Pe

 k
 (1- Pe)

n-k
      (7) 

 
 Bernoulli trials in term of binary symmetric channel (BSC), Lets probability for error per bit is Pe 
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   P(0|1) = P(1|0) = Pe        (red) 

   P(0|0) = P(1|1) = 1- Pe    (green) 

 

0   0 

 

Tx     Rx 

 

1   1 

Data process 

Figure 2: Binary Symmetric channel 

 According to Bernoulli trials Pc  is the define for ónô bit clock size having ókô errors. But if any one bit may miss, that cause 

failure. That minces for failure free operation ókô have the minimum value ó1ô. So for ók = 1ô Pc will be. 

     Pc = ( 
ὲ
ρ
) Pe 

1
(1- Pe)

n-1
      (8) 

For reliability Rc of a clock if there failure occurrence is Pc then according to reliability theorem. 

   Rc = 1 - Pc         (9) 

 So,   Rc = 1 -  ( 
ὲ
ρ
) Pe 

1
(1- Pe)

n-1
      (10) 

 
2. RELATIONSHIP BETWEEN RELIABILITY AND CL OCK SPEED 

 The clock cycle is the time between two adjacent pulses of the oscillator that sets the tempo of the computer processor. The 

number of these pulses per second is known as the clock speed, which is generally measured in Mhz (megahertz, or millions of 

pulses per second) and  even in Ghz (gigahertz, or billions of pulses per second).  

 A system may provide variable response while we are varying the clock speed, this may affect the reliability of the system in 

different terms (ex.- In term of failure, in term of utility, in term of cost or optimization). 

 A clock speed may cause failure in execution of the bits. If the clock speed is higher than the band limit of the system then 

due to internal capacitance a system canôt operate beyond the clock speed (ex. ARM TDMI 7 operation is crucial above 30MHz). If 

the frequency is beyond its range then due to extra attenuation (the cutoff frequency at which the current gain drops by 3 decibels 

(70% amplitude)) the bits can be missed and failure occur in the system, while increasing the frequency we observe that the fault rate 

will increases.               

 When a system operate at low frequency, then it canôt provide optimum work due to low speed, there cost utility factor is 

effective which reduces the reliability as a cost effective function (ex. below 1 MHz operation is better to use other low operating 

frequency microcontroller then ARM TDMI 7, it increase the product manufacturing cost, ultimately it reduces the reliability in term 

of cost and speed). 

  For maximum reliability a system may   operate at its desire operating range (ex. ARM TDMI 7 provide optimum response in 

1 MHz to 30MHz). In the desire range current gain drops is less then 3 decibels (amplitude grater then 70%). 

 The above discussion gives a relative graph in between reliability and clock cycle. 
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Figure 3: Reliability versus clock speed graph 
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CONCLUSION 
 In this paper we present a software reliability model in terms of  bits which is more efficient to estimate the software 

reliability. A hardware reliability is fully depend upon time so its reliability versus time graph is much suitable to demonstrate in bath 

tub curve while a software reliability canôt because software does not have wear out time. In case of clock speed versus reliability 

graph, the bath tub curve achieves better reliability in comparison to the time versus failure/reliability graph. Due to fully dependency 

of software on bits we can easily demonstrate reliability in terms of bits and it gives a better estimation for software reliability. 
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AbstractðThe design of a fixture is a highly complex and intuitive process, which require knowledge. Fixture design plays an 

important role at the setup planning phase. Proper fixture design is crucial for developing product quality in different termsof 

accuracy, surface finish and precision of the machined parts .In existing design the fixture set up is done manually, so the aim of this 

project is to replace with fixture to save time for loading and unloading of component. fixture provides the manufacturer for flexibility 

in holding forces and to optimize design for machine operation as well as process function ability. 

Keywordsð Fixture, product Quality, Quick holding ability, Firmly Locating work piece, Improve Accuracy, Save time 

INTRODUCTION 

Fixtures are the tool used to locate and hold the work piece in position during the manufacturing process. Fixtures are used to hold the 

parts firmly which are to be machined, it is used to produce the duplicate parts accurately. In order to produce parts with required 

accuracy and dimensions the parts must be firmly and accurately fixed to the fixtures. To do this, a fixture is designed and built to 

hold, support and locate the work piece to ensure that each work piece is machined within the specified limits. Set blocks, feeler or 

thickness gauges are used in the fixture to refer the work piece with the cutter tool.  

 

A fixture should be securely fastened to the table of the machine upon which the work is to be done. Though largely used on 

milling machines, fixtures are also designed to hold the work for various operations on most of the standard machine tools. Fixtures 

vary in design based on the use of relatively simple tools to expensive or complicated devices. Fixture helps to simplify metalworking 

operations performed on special equipments. 

 

 

           The fixture is a special tool for holding a work piece in proper position during manufacturing operation. For supporting and 

clamping the work piece, device is provided. Frequent checking, positioning, individual marking and non-uniform quality in 

manufacturing process is eliminated by fixture. This increase productivity and reduce operation time. Fixture is widely used in the 

industry practical production because of feature and advantages. To locate and immobilize workpieces for machining, inspection, 

assembly and other operations fixtures are used. A fixture consists of a set of locators and clamps. Locators are used to determine the 

position and orientation of a workpiece, whereas clamps exert clamping forces so that the workpiece is pressed firmly against locators 

.Clamping has to be appropriately planned at the stage of machining fixture design. 

LITERATURE REVIEW 

 

Chen Luo, LiMinZhu,Han Ding[1] In his paper Two-Sided Quadratic Model for Work piece Fixturing Analysis, 2011 proposed that 

presents a novel model for work piece positioning analysis. Existing fixturing models mayunder estimate the positioning error due to 

neglect of the curvature of one or both contacting bodies. 

 

S. Kashyap W.R. DeVries[2]In their paper Finite element analysis and optimization in fixture, proposed with minimizing deformation 

of the work piece due to machining loads about fixturing support positions, especially in thin castings. 
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Y. Zheng& Y. Rong& Z. Hou[3] Intheir paper, A finite element analysis for stiffness of fixture units, proposed a systematic finite 

element model to predict the fixture unit stiffness by introducing nonlinear contact elements on the contact surface between fixture 

components. 

M. Y. Dakhole, Prof. P.G. Mehar, Prof. V.N. Mujbaile[4]In their paper, Design And Analysis Of Dedicated Fixture With Chain 

Conveyor, gives a feasible solution on conventional roller chain conveyorised arrangement with dedicated moving fixture with 

conveyor for the tractor components like rear axle career, bull gear and shaft of a tractor model. 

 

J. C. Trappey and C. R. Liu [5]This paper gives a review of fixture-design research, most of it done in the 1980s. the major topics of 

the review are the fixturing principals (supporting ,locating and clamping), automated fixtures design (configuration, assembly and 

verification) and fixtures hardware design (delicated, modular and electric /magnetic type). 

 

Shrikant.V.Peshatwar, L.P Raut [6] This paper present a fixture design system of eccentric shaft for ginning machine.. Fixture is 

required in various industries according to their application .Designer design fixture according to dimension required by industry to 

fulfill our production tar gate. In traditional manufacturing process performing operation on eccentric shaft is critical. so holding a 

work piece in proper position during a manufacturing operation fixture is very necessary and important. Because the shaft is eccentric 

so for this requirement of manufacturing process Designer design proper fixture for eccentric shaft. Fixtures reduce operation time and 

increases productivity and high quality of operation is possible 

 

IDENTIFIED  GAPS IN  THE  LITERATURE  

In existing design the fixture set up is done manually, so the aim of this project is to replace with fixture to save time for loading and 

unloading of component. Fixture provides the manufacturer for flexibility in holding forces and to optimize design for machine 

operation as well as process function ability. 

 

PROBLEM FORMULATION 
 
Workpiece is hold in to workpiece holder and this all attachment fix in to the fixture plate. A rigid positioning of the workpiece with 

least time takes place. Springs are design such a way to carry the pressure donôt allow to deflect the work piece, Cam is used for 

mounting and un-mounting purpose. Cam is fixed into frames slot. Base plate for rigid support to fixture .two mesh bull gear are fitted 

to rotating purpose to take the advantages of rotation and increase the application of fixture. Fixed plate with center attachment is 

provided to locking purpose. When fixture in use center push in to the fixed plate hole so hole attachment is getting fixed. 

                     This fixture used in vertical milling machine. Different electrode profiles are easily manufactured by using this fixture. 

Mounting, un-mounting and locating of workpiece is very easy and l than this electrode is used on electro discharge machine to 

manufacture molds. Complicated mold profile are done with this process. Grafite or Cooper material is used to manufacture electrode. 

 

 
Fig1 Concept design of Work holding Fixture 
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CONCLUSION 

It reduces or sometimes eliminates the efforts of marking, measuring and setting of workpiece on a machine and maintains the 

accuracy of performance. The workpiece and tool are relatively located at their exact positions before the operation automatically 

within negligible time. So it reduces product cycle time. Variability of dimension in mass production is very low so manufacturing 

processes supported by use of jigs and fixtures maintain a consistent quality. Due to low variability in dimension assembly operation 

becomes easy, low rejection due to less defective production is observed. It reduces the production cycle time so increases production 

capacity. Simultaneously working by more than one tool on the same workpiece is possible. The operating conditions like speed, feed 

rate and depth of cut can be set to higher values due to rigidity of clamping of work piece by fixtures. Operators working become 

comfortable as his efforts in setting the work piece can be eliminated. Semi-skilled operators can be assigned the work so it saves the 

cost of manpower also. There is no need to examine the quality of produce provided that quality of employed fixtures is ensured  
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ABSTRACT- In cloud, the shield subject in outsourced storage space data is the tough challenge. To vanquish the setback, 

established way industrialized vibrant audit ability for verifying the respect of an untreated and outsourced storage space. Appraisal 

capability is crafted established on the methods, fragment construction, casual sampling, and index-hash table, keeping provable 

updates to outsourced data and timely anomaly discovery. The method conventional on probabilistic query and periodic confirmation 

for enhancing the presentation of audit services. The audit ability is given by TPA monitoring. From time to time the TPA could have 

chances to obscure anomaly features to cloud users. To conquer the drawback, counsel vibrant audit ability in the cloud. By the 

method it can vibrantly audit the anomaly and dispatch intimation to cloud user. So that it can safeguard the cloud storage space data.  

Keywords: fragment construction, casual sampling, index-hash table, probabilistic query and periodic confirmation. 

I. INTRODUCTION   

 The cloud storage space ability (CSS) relieves the weight for storage space connection and safeguarding. Though, if such a vital 

ability is vulnerable to aggressions or wrecks, it should hold irretrievable defeats to the users because their data or records are stored in 

a tentative storage space pool beyond the enterprises. Reliable than confidential computing mechanisms, but they are yet susceptible to 

inner menaces and external menaces that can damage data honor; subsequent, for the profit of rights, there carry on mixed motivations 

for cloud ability providers  to behave adulterously in the direction of the cloud users; besides, arguments sporadically tolerate from the 

lack of belief on CSP because the data change could not be timely recognized by the cloud users, even if these arguments could 

consequence from the usersô own unacceptable operations.  It is imperative for CSP to tender an effectual audit facility to check the 

respect and potential of stored data. 

Keywords: concerning four key words alienated by commas 

RELATED WORK  

Vibrant audit ability for respect verification of untreated and outsourced storage spaces. Twisted on interactive facts arrangement 

(IPS) in conjunction with the zero vision property, our audit ability can furnish area auditability lacking downloading rare statistics 

and guard isolation of the statistics. The audit arrangement can prop vibrant data procedures and timely anomaly detection alongside 

the aid of countless competent methods, fragment construction, it additionally industrialized an effectual way established on 

probabilistic query and periodic verification for enhancing the presentation of audit services... The experimental aftermath not merely 

validate the effectiveness of our ways, but additionally display that our arrangement does not craft each momentous computation price 

and need less supplementary storage space for respect verification. The method additionally has one drawback that is shouted as TPA 

monitoring. 

 

DISADVANTAGES  

Å It has to needs exterior TPA monitoring  

Å Nope protected 
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 SYSTEM ARCHITECTURE  

 

 

 

 

SYSTEM MODEL  

The audit ability is given by TPA monitoring. From time to time the TPA could have chances to obscure anomaly features to cloud 

users. To vanquish this drawback, counsel vibrant audit ability in the cloud.  In this method user dispatched query appeal to attendant 

and that attendant matches the user reservation and keyword if it is match, user can tolerate the procedure or else, the user is 

automatically marked as untreated and sends intimation concerning anomaly detection to cloud user. So that it can maintain the cloud 

storeroom information. 
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 ADVANTAGES  

Å No demand exterior TPA   

Å Safeguard & Effective. 

MODULES 

A. certification 

B. Fragment Structure and Sheltered Tags 

 C. Periodic Sampling Audit 

 D. protection Notification 

 E. Presentation & Evaluation 

A. CERTIFICATION  

Approval is the procedure of providing user consent to do or have something.  Accepting that someone has logged in to a computer 

working arrangement or request, the arrangement or request could desire to recognize what resources the user can be given across this 

session. Thus, approval is from time to time perceived as both the preliminary setting up of permissions by an arrangement 

administrator and the actual checking of the consent profit that include set up after a abuser is suitable access. Qualifications are the 

procedure of ascertaining whether rather is, in fact, who or what it is uttered to be. In confidential and area computer webs (including 

the Internet), certification is usually completed across the utilize of logon passwords. Visualization of the password is consented to 

promise that the abuser is valid. Every solo abuser lists primarily (or is registered by someone else), employing an allocated or self-

declared password.  

B. FRAGMENT STRUCTURE AND SHELTERED TAGS  

To maximize the storage effectiveness and audit performance, our audit system introduces a general fragment structure for outsourced 

storages. 
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An outsourced file F is dividing into n blocksὓȟὓȟȣȢὓ , and every block mi is divide into s sectorsὓȟὓȟȣȢὓȟ . The 

section structure consists of n block-tag join upὓȟ„ , where „ is a signature tag of a block mi generated by some secrets†

†ȟ†ȟȣȢ† . Use such tags and matching data to construct a reply in conditions of the TPAôs challenges in the confirmation 

procedure, such that this reply can be verified without rare data. If a tag is un-forgeable by anyone apart from the original signer, we 

call it a sheltered tag. 

 

C.  PERIODIC SAMPLING AUDIT  

 In periodic sampling with ñcompleteò inspection, random ñexampleò checking deeply reduces the workload of audit services, while 

still realizes a successful detection of misbehaviors. The probabilistic audit on instance checking is preferable to understand the 

indiscretion revealing in a timely manner. 

 

 
 

 

D. PROTECTION NOTIFICATION  

Detection and notification mentions to automatic detection of adjustments made to User pages and notification to interested users by 

Cloud Server or supplementary means. Whereas find engines are projected to find User pages, detection and notification arrangements 

are projected to monitor adjustments to User pages. Effectual and competent change detection and notification is hindered by the fact 

that most servers do precisely trail content adjustments across Modified. 

E. PRESENTATION AND EVALUATION  

To notice anomalies in a low-overhead and timely manner, we endeavor to optimize the audit presentation from two aspects: 

Presentation valuation of probabilistic queries and arranging of episodic verification. Our frank believed is to uphold a tradeoff amid 

overhead and accuracy, which helps us enhance the presentation of audit systems. 

File

Data Owner

Convert to Byte

File Name

DB

DB

DB

Fragment

TPA

Initial Proof

DB

DB

DB
Verification

Commitment()

Challenge()

Response()

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

144                                                                                                   www.ijergs.org   

1. PRIVACY-PRESERVING AREA AUDITING FOR  SAFEGUARD CLOUD STORAGE SPACE EMPLOYING CLOUD 

STORAGE SPACE 

Users can remotely accumulate their records and appreciate the on require lofty feature requests and services from a public pool of 

conýgurable computing resources, lacking the burden of innate data storage space and maintenance. Though, the fact those users no 

longer have physical ownership of the outsourced data makes the data respect shield in Cloud Calculating a formidable task, 

exceptionally for users alongside constrained computing resources. Moreover, users brought to be competent to immediately use the 

cloud storage space as if it is innate, lacking fretting concerning the demand to confirm its honor. Enabling region auditability for 

cloud storage space is of dangerous consequence so that users can remedy to a third party auditor to ensure the esteem of outsourced 

statistics and be unstressed. To securely familiarize a competent TPA, the auditing procedure ought to hold in no new vulnerabilities 

towards user data privacy, and familiarize no supplementary online burden to user. It counsels a safeguard cloud storage space 

arrangement upholding privacy-preserving area auditing. Comprehensive shield and presentation scrutiny display the counseled 

schemes are provably safeguard and exceedingly efficient. To address these setbacks, work utilizes the method of area key established 

homomorphic linear authenticator (or HLA for short), that enables TPA to present the auditing lacking demanding the innate duplicate 

of data and therefore drastically reduces the contact and computation overhead as contrasted to the frank data auditing approaches. By 

incorporating the HLA alongside random masking, our protocol guarantees that the TPA might not discover each vision concerning 

the data content stored in the cloud server diagonally the proficient auditing development.  

2. BAF: AN EFFICIENT OPENLY VERIFIABLE SAFEGUARD APPRAISAL LOGGING FORMAT FOR DISTRIBUTED 

SYSTEMS 

 Audit logs, bestowing data concerning the present and past states of provision, are solitary of the majority crucial portions of in 

attendance computer systems. Bestowing shield for audit logs on an untreated contraption in a colossal distributed arrangement is a 

challenging task, exceptionally in the attendance of alert adversaries. In such a arrangement, it is critical to have onward shield such 

that after an antagonist compromises a contraption, she cannot adjust or forge the log entries amassed beforehand the compromise. 

Unfortunately, continuing safeguard audit logging schemes have signiýcant limitations that make them impractical for real-life 

applications: Continuing Area Key Cryptography (PKC) established schemes are computationally luxurious for logging in task 

intensive or resource-constrained arrangements, as continuing symmetric schemes are not openly Veriýable and incur signiýcant 

storage space and contact overheads. Counsel a novel onward safeguard and aggregate logging scheme shouted Blind-Aggregate-

Forward (BAF) logging scheme, which is suitable for colossal distributed systems. BAF can produce openly Veriýable onward 

safeguard and aggregate signatures alongside near-zero computational, storage space, and contact prices for the loggers, lacking 

needing each online (TTP) support. Clarify that BAF is safeguard below appropriate computational assumptions, and clarify that BAF 

is signiýcant extra efficient and scalable than the preceding schemes. Therefore, BAF is a flawless resolution for safeguard logging in 

both tasks intensive and resource-constrained systems.  To address the above setbacks, a set of cryptographic countermeasures have 

been counseled to enable safeguard logging on untreated mechanisms, lacking consenting a tamper-resistant hardware or constant 

real-time log veriýers In order to fully this necessity, we counsel a novel onward maintain and aggregate logging scheme for safeguard 

audit logging in distributed arrangements, BAF can address all the aforementioned limitations of the continuing ways simultaneously. 

3. VIBRANT PROVABLE DATA POSSESSION 

As storage space-outsourcing services and resource- allocating webs have come to be accepted, the setback of efficiently clarifying the 

respect of data stored at untreated servers has consented increased attention. In the provable data ownership (PDP) ideal, the user 

preprocesses the data and next sends it to an untreated server for storage space, as keeping a tiny number of Meta data. The user 

afterward asks the server to illuminate that the stored data have not be tampered alongside or deleted (without downloading the actual 

data).Deýnitional framework and efficient constructions for vibrant provable data ownership (DPDP) that extends the PDP ideal to 

prop provable updates to stored data.   Authenticated lexicons established on locale information. The worth of vibrant updates is a 

presentation change from O (1) to O (logn) (or O (núlogn)), for a ýelds encompassing of n blocks, as maintaining the alike probability 

of naughtiness exposure. Our examinations display that this slowdown is extremely low in exercise. Additionally display how to apply 

our DPDP scheme to outsourced ýelds arrangements and edition manipulation arrangements deliver a deýnitional framework and 

efficient constructions for vibrant provable data ownership (DPDP) that extends the PDP ideal to prop provable updates on the stored 

data. Given a ýelds F encompassing of n blocks, deýne a notify as whichever insertion of a new block or modiýcation of a continuing 

chunk, or removal of each block. Consequently our notify procedure describes the most finished form of modiýcation a user could 

desire to present on a ýelds. Our DPDP resolution is established on a new variant of authenticated lexicons, whereas we use locale 
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data to coordinate lexicon entries. Therefore to prop efficient authenticated procedures on ýelds at the block level, such as 

authenticated insert and delete. It clarifies the shield of our constructions employing average assumptions. 

4. SCALABLE AND EFFECTUAL PROVABLE DATA  

Possession Storage space outsourcing is a rising trend that prompts a number of interesting shield subjects, countless of that have been 

widely investigated in the past. Though, Provable Data Ownership (PDP) is a case that has merely presently materialized in the 

scrutiny literature. The main subject is how to oftentimes, efficiently and securely confirm that a storage space server is devotedly 

storing its userôs (potentially extremely large) outsourced data. The storage space server is consented to be untreated in words of both 

shield and reliability. (In supplementary words, it could maliciously or unintentionally remove hosted data; it could additionally 

relegate it to sluggish or off-line storage space.) The setback is exacerbated by the user being a tiny computing mechanism alongside 

manipulated resources. Prior work has addressed this setback employing whichever area key cryptography or needing the user to 

outsource its data in encrypted form. Craft an extremely efficient and provably maintain PDP method established completely on 

symmetric key cryptography, as not needing each bulk encryption. Also, in difference alongside its predecessors, our PDP method 

permits outsourcing of vibrant data. 

5. OBLIGING PROVABLE DATA OWNERSHIP FOR RESPECT VERIFICATION IN MULTI -CLOUD STORAGE 

SPACE 

Provable data ownership (PDP) is a method for safeguarding the respect of data in storage space outsourcing. In this paper, we address 

the assembly of an effectual PDP scheme for distributed cloud storage space to prop the scalability of ability and data migration, in 

that we ponder the attendance of several cloud ability providers to obligingly store and uphold the usersô data. Present an obliging 

PDP (CPDP) scheme established on homomorphic verifiable reply and hash index hierarchy. We clarify the shield of our scheme 

established on multi-prover zero-knowledge facts arrangement, which can gratify completeness, vision soundness, and zero-

knowledge properties. In supplement, we articulate presentation optimization mechanisms for our method, and in exacting here an 

effectual method for selecting optimal parameter benefits to minimize the computation prices of users and storage space ability 

providers. Our examinations display that our resolution introduces lower computation and contact overheads in analogy alongside 

non-cooperative ways to check the potential and respect of outsourced data in cloud storage spaces, researchers have counseled two 

frank ways shouted Provable Data Ownership and Proofs of Retrievability. Early counseled the PDP ideal for safeguarding ownership 

of files on untreated storage spaces and endowed an RSA-based design for a fixed case that achieve the contact cost. They additionally 

counseled an openly verifiable edition that permits anybody, not just the proprietor, to trial the server for data possession. They 

counseled a handy PDP scheme established on cryptographic hash purpose and symmetric key encryption, but the servers can mislead 

the proprietors by employing previous Meta data due to the lack of unpredictability in the brave. The numbers of updates and valiant 

are manipulated and fixed in advance and users cannot present block insertions anywhere. 

6. EFFICIENT AU DIT SERVICE OUTSOURCING FOR DATA RESPECT IN CLOUDS  

Cloud-based outsourced storage space relieves the userôs trouble for storage space association and maintenance by bestowing a 

comparably cut-rate scalable, location-independent proposal.  That users no longer have physical rights of data indicates that they are 

confronting a potentially terrible chance for missing data. To get around the shield dangers, audit services are grave to safeguard the 

value and possible of outsourced data and to realize digital forensics and sincerity on cloud computing.  Provable data ownership 

(PDP), that is a cryptographic scheme for verifying the value of data deficient reclaiming it at an unprocessed server, can be utilized to 

understand audit services. In this profiting from the interactive zero-knowledge specifics collection, address the assembly of an 

interactive PDP protocol to stop the dishonesty of prover and the leakage of confirmed data.  Additionally counsel an effectual 

mechanism alongside respect to probabilistic queries and periodic verification to cut the audit prices each confirmation and apply a 

usual detection timely. In supplement, we present an effectual method for selecting an finest parameter worth to diminish 

computational overheads of cloud audit services.  

7. IDENTITY -BASED ENCRYPTION FROM THE WEIL PAIRING  

It counsel a fully useful identity-based encryption scheme (IBE). The scheme has selected cipher text shield in the random oracle ideal 

consenting an elliptic camber alternate of the computational Difi Hellman trouble. Our arrangement is established on the well pairing. 

We give precise definitions for safeguard individuality established encryption schemes and give countless requests for such systems 

Shamirôs early motivation for identity- established encryption was to elucidate certificate association in e-mail systems. To counsel a 
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fully useful identity-based encryption scheme. The presentation of our arrangement is comparable to the presentation of ElGamal 

encryption in F. Instituted on this assumption that displays that the new arrangement has selected cipher text shield in the random 

oracle model. Employing average methods from threshold cryptography the PKG in our system can be spread so that the master key is 

not ever accessible in a private location.  

8. TAUT PROOFS FOR SIGNATURE SCHEMES LACKING RANDOM ORACLES  

It present the early taut shield proofs for two finished classes of forceful RSA established signature schemes. As the representation of 

agents in prime order bilinear clusters is far tinier than in RSA clusters, additionally present two bilinear variants of our cross classes 

that yield petite signatures. Comparable to beforehand and able to display that the sevariants have taut shield facts sunder the forceful 

Hellman (SDH) assumption. Central to our aftermath is new facts method that permits the simulator to circumvent estimating that of 

the attacker's cross queries will be reuse in the phony. In difference to preceding proofs, our shield reduction does not lose a factor of q 

here. In a comparable method, to familiarize a subsequent finished class of signature schemes shouted 'chameleon hash scheme' that 

can be considered as a oversimplification of the Cramer-Shoup cross plot. Next joining signature scheme and the chameleon hash 

scheme to be tautly safeguarded below the SRSA assumption after instantiated alongside each safeguard joining purpose, suitably 

chameleon hash function.  

9.ENABLING AREA VARIABILITY AND DATA DYNAMICS FOR STORAGE SPACE SHIELD IN CLOUD 

COMPUTING  

 Cloud Calculating has been envisioned as the subsequent conception design of IT Enterprise. It moves the request multimedia and 

databases to the centralized colossal data centers, whereas the association of the data and services could not be fully trustworthy. This 

exceptional paradigm brings concerning countless new assurances valiant, which have not been well understood. This work studies the 

setback of safeguarding the respect of data storage space in Cloud Computing. The task of permitting a third party auditor (TPA), on 

behalf of the cloud user, to confirm the respect of the vibrant data stored in the cloud. The introduction of TPA eliminates the 

involvement of user across the auditing of whether his data stored in the cloud is indeed finish, which can be vital in accomplished 

economies of scale for Cloud Computing. The prop for data dynamics via the most finished forms of data procedure, such as block 

medication, insertion and deletion, is additionally a signiýcant pace to practicality, as services in Cloud Calculating are not 

manipulated to record or backup data only. As prior works on safeguarding remote data respect frequently needs the prop vibrant data 

operations. Early recognize the diǣculties and possible shield setbacks of manage expansions alongside fully vibrant data updates 

from prior works and next display how to craft a graceful frication scheme for seamless combination of these two leading facial 

exterior in our protocol propose. In particular, to accomplish antique data dynamics, the Evidence of Irretrievability ideal by affecting 

the vintage Merle Hash Tree (MHT) assembly for block tags certification. Comprehensive shield and presentation scrutiny display that 

the counseled scheme is exceedingly effectual and provably secure. 

10. SAFEGUARDING DATA STORAGE SPACE SHIELD IN CLOUD CALCULATING  

Cloud computing has been envisioned as the subsequent creation design of IT enterprise. In difference to established resolutions, 

whereas the IT services are below proper physical, logical and workers controls, cloud computing moves the request multimedia and 

databases to the colossal data centers, whereas the association of the data and services could not be fully trustworthy. This exceptional 

attribute, though, poses countless new shields valiant that have not been well understood. In cloud data storage space shield, that has 

always been a vital aspect of quality of service? To safeguard the correctness of users' data in the cloud, so counsel a competent and 

flexible distributed scheme alongside two salient features, opposite to its predecessors. By employing the homomorphic indication 

next to spread confirmation of erasure-coded statistics, our scheme achieves the integration of storage space precision assurance and 

statistics fault localization. Unlike most prior works, the new scheme more supports safeguard and effectual vibrant procedures on 

data blocks, including: data notify, delete and append. Comprehensive shield and presentation scrutiny displays that the counseled 

scheme is exceedingly effectual and resilient opposing convoluted wreck, hateful data change aggression and even server scheme 

attacks. 

CONCLUSION 

An encounter of vibrant audit services for entrusted and outsourced storage spaces. Additionally provided an effectual method for 

periodic sampling audit to enhance the presentation of TPAs and storage space skill providers. Our examinations displayed that our 

resolution has a puny, stable number of overhead, which minimizes computation and link costs.    
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Abstract- In this study, the effects of T6 type heat treatment of LM6 reinforced with SiCp were prepared by stir casting techniques.  

The LM6 composite reinforced with 5 wt% and 15 wt% of SiCp. Dry sliding wear test is conducted using pin-on-disc testing machine. 

L9 orthogonal array was selected for the experimental run. The optimum process parameters were determined by using signal-to-noise 

ratio. S/N ratio and ANOVA were used to investigate the influence of process parameters on the wear rate. The regression analysis 

employed to find the optimal process parameters levels and to analyze the effect of process parameters on LM6/SiCp.  

Keywords: ANOVA, composites, Heat treatment,  smaller-the-better, Taguchi Technique. 

I. INTRODUCTION  

Amid the previous couple of years, materials plan has moved accentuation to pursue light weight, environment friendliness, ease, 

quality, and performance. Parallel to present trend, metal-matrix composites (MMCs) are attracting growing interest.  The requirement 

for cutting edge engineering materials within the areas of aerospace and automotive industries had led to a fast development of metal 

matrix composites (MMC)[1-4].  The utilization of various metal matrix composites (MMCs) is continually since they have better 

physical, mechanical and tribological properties compared to the matrix materials. Aluminium matrix composites (AMCs) reinforced 

with ceramic particles are gaining wide spread popularity in several technological fields owing to their improved mechanical 

properties when compared with conventional aluminum alloys[4-10] . They exhibit higher mechanical properties than the unreinforced 

aluminium alloys and are used as tribological components in some vehicles for years thanks to their high specific strength and better 

wear resistance[10-15]  Rajashekhar et.al[16] Studied on Effect of Heat Treatment on Mechanical Properties of Hybrid Aluminum 

Matrix Composites hybrid composite materials developed with soft and hard reinforcements subjected to heat treatment for further 

enhancement of their mechanical properties have shown keen interest in the last few decades. Sridhar Bhat et.al investigated Effect of 

Heat Treatment on Microstructre and Mechanical Properties of Al-FA-Sic Hybrid MMCS. In this investigation Preheated silicon 

carbide (SiC) And Fly Ash(FA) was used as the reinforcements, produced by stir casting process. Cut pieces of alloy Al6061 were 

preheated at 450 °C for 1h before melting. Firstly SiC and Fly Ash particles were heated at 8000C for 2 hrs. before adding preheated 

SiC and Fly Ash particles in to Al6061 melt, 1Wt% of Mg is added to melt to improve the wettability between matrix and 

reinforcement. Daljeet Singh et.al investigated Mechanical behavior of Aluminum by adding SiC and Alumina. This work is focused 

to study the change in behavior of aluminum by adding different %age amount of óSicô and óAl2O3ô composites. Vijay Kumar S Maga 

et.al[17] studied on Mechanical Properties of Aluminium Alloy (Lm6) Reinforced With Fly Ash, Redmud and Silicon Carbide. This 

deals with fabricating or producing aluminium based metal matrix composite and then studying its microstructure and mechanical 

properties such as tensile strength, impact strength and wear behavior of produced test specimen. Satpal Kundu et.al[18]  investigated 

of hybrid metal matrix composites with SiC, Al2O3 and graphite reinforced aluminium alloy (Al 6061T6) composites samples, 

processed by stir casting route are reported. The aluminium alloy was reinforced with 10 wt. % (SiC, Al2O3) and 5 wt. % of graphite 

to mixture the hybrid composite. Dry Sliding Wear of the hybrid composite were tested it was found that when the wear resistance of 

the hybrid composites can be increased when compared to Al6061 T6 alloy. The parameters such as load, sliding speed and sliding 

distance were identified will affecting wear rate. 

Hence, Present work is focused on the effect of T6 type heat treatment on the tribological wear behavior of          LM6 /SiCp MMC. 
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II. EXPERIMENTAL METHOD  

A. Fabrication Process 

Stir casting set up as shown in the Fig.1 consisted of resistance furnace and a stirrer assembly was used to synthesize the 

composite.  

  

 

 

  

 

 

 

 

 

 

 

 

Fig 1: shows the graphical representation of Stir casting and Resistance Furnace 

 

The matrix material used for the present study is LM6 Al-Sic alloy. The chemical composition of matrix material is as shown in Table 

1 determined using Atomic Absorption Spectrophotometer (model AA-670, Varian, The Netherlands). SiC particles with size of 

150µm and with varying amounts of 0, 5 and 15 wt% are being used as reinforcing material in the preparation of composites. Stir 

casting technique has been used for the preparation of composites. Initially calculated amount of LM6-alloy was charged into Gr 

crucible and superheated to a temperature of 750
0
C in an electrical resistance furnace.  

The furnace temperature was controlled to an accuracy of °50
0
C using a digital temperature controller. Sliding wear test specimens 

were machined from as-cast samples, to obtain cylindrical pins of diameter 10 mm and length 24 mm. then the samples were subjected 

to heat treatment (T6 type), where composites have been subjected to solutionizing treatment at 530
0
C for 1 h followed by quenching 

in water. The quenched samples again subjected to artificial aging at 170
0
C for 6 h followed by air cooled. 

Table1: Composition of LM6 alloy 

Elements Percentage (%) 

Si 10-13.0 

Cu 0.1 

Mg 0.1 

Fe 0.6 

Mn 0.5 

Ni 0.1 

Zn 0.1 

Pb 0.1 

Sb 0.05 

Ti 0.2 

Al  Remaining 

B. Wear test 

Dry sliding wear tests for different number of specimens was conducted by using a pin-on-disc machine (Model: Wear & 

Friction Monitor TR-20) supplied by DUCOM, was shown in Figure.2. 
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Fig. 2:- Showing 

Wear Testing 

Machine 

The pin 

was held against 

the counter face 

of a rotating disc 

(EN32 steel disc) 

with wear track diameter 80mm. The pin was loaded against the disc through a dead weight loading system. The wear test for all 

specimens was conducted under  the  normal load of  1,3 & 5 kg  . Wear tests were carried out for a total sliding distance of 

approximately 1000m under similar conditions as discussed above. The pin samples were 24 mm in length and 8 mm in diameter. The 

surfaces of the pin samples was slides using emery paper (80 grit size) prior to test  in  ordered  to  ensure  effective  contact  of  fresh  

and  flat  surface  with  the  steel  disc.  The samples and wear track were cleaned with acetone and weighed (up to an accuracy of 

0.0001 gm using microbalance) prior to and after each test.  The wear rate was calculated from the weight loss technique and expressed 

in terms of wear volume loss per unit sliding distance. 

C. Taguchi Method 

The taguchi method was developed by Dr.Genichi Taguchi. He developed a method for designing experiments to investigate 

how different parameters affect the mean and variance of a process performance characteristic. The experimental design 

proposed by Taguchi involves using orthogonal arrays to organize the parameters affecting the process and the levels. This 

technique is carried out in a three stages approach such as system design, parameter design and tolerance design. System 

design reveals the usage of scientific and engineering information required for producing a part. Parameter design is used to 

obtain the optimum levels of process parameters for developing the quality characteristics and to determine the product 

parameter values. Tolerance deign is used to determine and analyze tolerance about the optimum combination suggested by 

parameter design. 

Table 2: Control and Noise Factors 

Sl.No. Process Parameters Level 1 Level 2 Level 3 

1 SiCp (wt%),A 0 5 15 

2 Normal Pressure (MPa),B 0.19 0.59 0.990 

3 Sliding Speed (m/s.), C 1 3 5 

 

D.  Design of Experiment 

The experimental plan was formulated considering three parameters (variables) and three levels based on the Taguchi technique. % of 

SiCp (A), Normal Pressure (B) and Sliding Speed (C), these are process parameters are considered for the study. Process parameters 

setting with the highest S/N ratio always yield the optimum quality with minimum variance. The levels of these variables chosen for 

experimentation are given in the Table 2. 

In the present investigation an L9 orthogonal array was chosen as shown in table 3. The selected of the orthogonal array is based on 

the condition that the degrees of freedom for the orthogonal array should be greater than, or equal to, the sum of the variables. The 

experiments were conducted based on the run order generated by Taguchi model and the results were obtained. This analysis includes 

the rank based on the delta statistics, which compares the relative value of the effects. S/N ratio is a response which consolidates 

repetitions and the effect of noise levels into one data point. The experimental results were transformed into signal-to-noise ratio (S/N) 
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ratios. An S/N ratio is defined as the ratio of the mean of the signal to the standard deviation of the noise. The S/N ratio indicates the 

degree of the predictable performance of a product or process in the presence of noise factors. The S/N ratio for the wear rate and 

coefficient of friction using ósmaller the betterô characteristics, which can be calculated as logarithmic transformation of the loss 

function is given as 

S/N = -10 log10 (MSD)                             ------------ (1) 

Where MSD = Mean Square Deviation 

For the smaller the better characteristic, 

MSD = (Y1 
2 
+ Y2 

2 
+

 
Y3 

2 
+ ééé) x 1/ n 

Where Y1, Y2, Y3 are the responses and ónô is the number of tests in a trial. 

Table 3: L9 Orthogonal Array 

 

(OA) 

SI No. A B C 

1 1 1 1 

2 1 2 2 

3 1 3 3 

4 2 1 2 

5 2 2 3 

6 2 3 1 

7 3 1 3 

8 3 2 1 

9 3 3 2 

Table 4: Combination of parameters in (L9) Orthogonal Array 

Expt Run Process Parameters Volumetric 

Wear rate 

(mm
3
/m) 

S/N ratio for 

Vol. Wear 

rate (db) 

COF 

 (N) 

S/N ratio 

for COF 

(db) 

% of SiCp Nr. Pressure 

(MPa) 

Sliding speed 

(m/s) 

01 0 0.19 1 8.92857E-5 80.9844 0.34659 9.2037 

02 0 0.59 3 4.01786E-4 67.9201 0.35338 9.0352 

03 0 0.990 5 6.69643E-4 63.4831 0.4159 7.6202 

04 5 0.19 3 2.67857E-4 71.4419 0.22426 12.9850 

05 5 0.59 5 4.91071E-5 86.1771 0.49269 6.1485 

06 5 0.990 1 9.375E-4 60.5606 0.33843 9.4106 

07 15 0.19 5 2.23214E-4 73.0256 0.42813 7.3685 

08 15 0.59 1 5.35714E-5 85.4213 0.36697 8.7074 

09 15 0.990 2 9.82143E-4 60.1565 0.58308 4.6854 

 

III.  RESULTS AND DISCUSSION 

The experiments were conducted as per the orthogonal array and the volumetric wear rate for various combinations of process 

parameters. The experimental values were remodelled into S/N quantitative measuring for measure the standard characteristics using 

MINITAB 16.   
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A. Analysis of S/N Ratio 

In Taguchi method, the term ósignalô represents the desirable value (mean) for the output characteristics and the term ónoiseô 

represents the undesirable value for the output characteristics. Taguchi uses S/N ratio to measure the quality characteristics deviating 

from the desired value. The volumetric wear rate and COF readings are shown in Table 4. The influence of control parameters such as 

Normal pressure, Sliding speed and wt% of reinforcement content has been analyzed and the rank of involved factors like wear rate of 

composite materials which supports S/N ratio response is given in the table 5 & 6 and for COF is given in the table 7 & 8.  It is evident 

from the table that among these process parameters, normal pressure is a dominant factor on the wear rate. The influence of controlled 

process parameters on wear rate are graphically represented in figures 3 and 4 and for COF are graphically represented in figures 5 

and 6. The response tables 3, 4 and 5, 6 shows the average value of each response characteristics (S/N ratios, means) for each level of 

each factor for volumetric wear rate and COF of LM6-SiCp composites. The table indicates ranks based on Delta statistics, which 

compare the relative magnitude of effects of all the parameters. The Delta statistic is the highest minus the lowest average of S/N ratio 

and mean for each factor. Minitab 16 assigns ranks based on Delta values; rank 1 indicates highest Delta value, rank 2 second highest, 

and so on. 

Table 5: Response Table of volumetric wear rate for S/N Ratio Smaller is better 

 

Level % of 

SiCp 

Nr. Pressure Sliding speed 

1 70.80 75.15 75.66 

2 72.73 79.84 66.51 

3 72.87 61.40 74.23 

Delta 2.07 18.44 9.15 

Rank 3         1 2 

Table 6: Response Table of volumetric wear rate for mean 

Level % of SiCp Nr. Pressure Sliding speed 

1 0.000387 0.000193 0.000360 

2 0.000418 0.000168 0.000551 

3 0.000420 0.000863 0.000314 

Delta 0.000033 0.000695 0.000237 

Rank 3 1 2 

 

Table 7: Response Table of COF for S/N Ratio (Smaller is better) 

 

Level % of 

SiCp 

Nr.Pressure Sliding speed 

1 8.620 9.852 9.107 

2 9.515 7.964 8.902 

3 6.920 7.239 7.046 

Delta 2.594 2.614 2.061 

Rank 2 1 3 

 

Table 8: Response Table of COF for mean 

Level % of 

SiCp 

Nr.Pressure Sliding Speed 

1 0.3720 0.3330 0.3507 

2 0.3518 0.4043 0.3869 

3 0.4594 0.4458 0.4456 

Delta 0.1076 0.1128 0.0949 

Rank 2 1 3 
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In the experimental run our goal was to minimize the volumetric wear rate and COF of LM6-SiCp composites. In Taguchi 

experiments, we always want to maximize the S/N ratio. The S/N ratios with high values in the response tables 5 and 7 shows that the 

S/N ratios can be maximized at these levels and wear can be minimized at these levels. 
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Fig 3: Main Effects Plot for SN ratios ï volumetric wear rate 
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Fig 4: Main Effects Plot for Means- volumetric wear rate 
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Fig 5: Main Effects Plot for SN ratios ï COF 
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Fig 6: Main Effects Plot for Means- COF 

Main effects plot is a plot of the means at each level of a factor. One can use these plots to compare the magnitudes of the various 

main effects and compare the relative strength of the effects across factors. However it is important to be sure to evaluate significance 

by looking at the effects in the analysis of variable table. 

Analysis of the influence of each control factor (A, B and C) on the friction characteristics is obtained from the response table of mean 

S/N ratio.  When % of SiCp is 15, Nr. Pressure 0.59 MPa and sliding speed is 1m/s for LM6-SiCp composite the volumetric wear is 

minimum. Similarly, when % of SiCp is 10, Nr. Pressure 0.19 MPa and sliding speed is 1m/s for LM6-SiCp composite the COF is 

minimum. Examining the main effects plots and interaction plots confirms the above results. 

B.  Analysis of variance 

Analysis of variance (ANOVA) was introduced by Sir Ronald Fisher. This analysis was carried out for a level of significance of 5%, 

i.e., for 95% level of confidence. The purpose of ANOVA is to investigate the percentage of contribution of variance over the 

response parameter and to find the influence of wear parameters. The ANOVA is also needed for estimating the error of variance and 

variance of the prediction error. The table 4.6 shows analysis of variance for volumetric wear rate of the composite material. From the 

table 9, it is observed that the normal pressure, sliding speed and wt% of reinforcement have the influence on wear of composite 

material. The last column of the table 9 indicates the percentage contribution of each other on the total variation indicating their degree 

of influence on the result. It can be observed from the ANOVA table that the normal pressure (75.01) was the most significant 

parameter on the dry sliding wear of composites followed by sliding speed (08.33) and SiCp wt% (08.33). It can be observed from the 

ANOVA Table 10 that the SiCp wt% (23.46) was the most significant parameter on the COF of composites followed by Nr. pressure 

(23.35) and sliding speed (16.44).  When the P-value for this model was less than 0.05, then the parameter can be considered as 

statistically significant. The pooled error associated in the ANOVA table was approximately about 08.33% for volumetric wear rate 

and 36.75% for COF. This approach gives the variation of means and variance to absolute values considered in the experiment and not 

the unit value of the variable. 

 

Table 9: Analysis of Variance for volumetric wear rate (mm
3
/m) 

Source DF Seq SS Adj SS Adj MS F P % of 

contribution 

% of SiCp 2 0.0000001 0.0000001 0.0000001 0.03 0.967 08.33 

Nr. Pressure 2 0.0000009 0.0000009 0.0000005 15.57 0.060 75.01 

Sliding speed 2 0.0000001 0.0000001 0.0000000 1.58 0.388 08.33 

Error 2 0.0000001 0.0000001 0.0000000   08.33 
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Total 8 0.0000012     100 

 

Table 10: Analysis of Variance for COF 

Source DF Seq SS Adj SS Adj MS F P % of 

contribution 

% of SiCp 2 0.01963 0.01963 0.00981 0.64 0.610 23.46 

Nr. Pressure 2 0.01954 0.01954 0.00977 0.64 0.611 23.35 

Sliding speed 2 0.01376 0.01376 0.00688 0.45 0.691 16.44 

Error 2 0.03073 0.03073 0.01537   36.75 

Total 8 0.08366     100 

 

C.  Multiple Linear Regression Models 

Statistical software MINITAB R16 is used for developing a multiple linear regression equation. This developed model gives the 

relationship between independent/predictor variable and a response variable using by fitting a linear equation to the measured data. 

The regression equation developed for volumetric wear rate is, 

Volumetric Wear rate = -6.36427e-005 + 1.892e-006 % of SiCp + 0.000837054 Nr. 

                                           Pressure - 1.15327e-005 Sliding speed                                                            ------------ (2) 

 

R-Sq = 94.50%    

The regression equation developed for COF is, 

Regression Equation 

 

COF = 0.196444 + 0.00653352 % of SiCp + 0.141013 Nr. Pressure + 0.0237275 

               Sliding speed                                          ------------ (3) 

R-Sq = 63.26%    

 

IV.  CONCLUSION 
 

LM6/SiCp composites can be made in an open atmosphere by stir casting using fabrication scheme derived from the literature review 

and mentioned in the experimental. 

Based on the above analysis the following conclusions are drawn from the present study. 

1. In this study, hardness and analysis of mechanical characteristics of Al-SiC reinforced with 0, 5 and 15 wt% of SiC was examined 

with and without heat treatment. With the increase in reinforcement ratio, the impact strength and hardness of the aluminium 

silicon carbide metal matrix composite material is increased. 

2. Taguchi method provides a systematic and efficient methodology for the design and optimization of volumetric wear rate 

parameters with far less effort than would be required for most optimization techniques. 

3. For LM6-SiCp the optimal tribological testing combination for minimum volumetric wear rate is found to be when % of SiCp is 

15, Nr. Pressure 0.59 MPa and sliding speed is 1m/s and minimum COF is found to be when % of SiCp is 5, Nr. Pressure 0.19 

MPa and sliding speed is 1m/. All the factors % of SiC (A), Nr. Pressure (B) and sliding speed(C) are found to affect the friction 

significantly.  

4. The analysis of variance shows that the Normal pressure (75.01%) is the wear factor that has the highest statistical influence on the 

dry sliding wear of composites followed by sliding speed (8.33%) and reinforcement (8.33%) and and reinforcement (23.46%) is 

the COF that has the highest statistical influence on the dry sliding wear of composites followed by sliding speed (16.44%) and 

Normal pressure (23.35%). 

5. The pooled error associated with the ANOVA analysis was 8.33% for wear rate and 36.75% for COF for the factors and the 

correlation between the wear parameters was obtained by multiple linear regression models. 
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Abstractð Sustainable development is mandatory to protect our environment .In agriculture and other industries waste materials are 

released which are organic and inorganic materials and can be an alternate material for cement . Rice husk ash which reduces the 

emission of carbon and produces green effect in environment .GGBS a slag material which also be an alternate to the cement. In this 

research the experimental investigations carried out in three phase M30 mix grade concrete is used  with RHA in proportions of 

0%,5%,10%and 15% .In second phase GGBS in various proportions of 10%,20%and 30%  were tested . In third phase combination of 

GGBS and rice husk ash were tested .From this research the results are much better as compare to conventional concrete.  

Keyword:  Rice husk ash (RHA),Ground granular blast furnace slag (GGBS),compressive strength,split tensile 

strength,conventional concrete,workability. 

INTRODUCTION 

Concrete  has been the  major  in construction  for providing stable  and reliable infrastructure since the days of Greek and roman 

civilization. Concrete is the most world widely used in construction material. The increase in demand of concrete more the new 

method and materials are being developed for production of concrete. Concrete is a mixture of cement, water, and aggregates with or 

without chemical admixtures. The most important part of concrete is the cement. Use of cement alone as a binder material produces 

large heat of hydration. Since the production of this raw material produces lot of CO2 emission. The carbon dioxide emission from the 

cement raw material is very harmful to the environmental changes. Nowadays many researchers have been carried out to reduce the 

co2..The effective way of reducing co2 is using rice husk ash which is an agricultural residue accounts for 20%of 649.7 million tons of 

rice produced annually worldwide. The produced partially burnt husk from the milling plants when used as a fuel also contributes to 

pollution and efforts are being made to overcome this environmental issue by utilizing this material as a supplementary cementing 

material.  

 

MATERIALS USED  

Cement 

The ordinary Portland cement of 53 grade conforming to IS   12269: 2013 was used. The specific gravity of cement was 3.11. 

Rice husk ash 

Rice husk ash is a pozzolanic material .A residual obtained from open field burning .In this investigation specific gravity for RHA is 

2.3 

 

GGBS 

GGBS has been used in construction industry for years as replacement of ordinary Portland cement when molten iron slag is quenched 

in steam or water, a glassy product is obtained. It is then dried and made into powder. In this investigation specific gravity for GGBS 

is 3.09 

 

Fine aggregates  

Natural river sand was used as a fine aggregate conforming to grading zone I of IS: 383 1970 was used. Its specific gravity was 

2.6.  

Coarse aggregate 

Coarse aggregate obtained from local quarry units has been used for this study. Maximum size of aggregate used is 20mm with 

specific gravity of 2.67.  

Water 

In this experimental investigation portable water which is free from organic substances is used for mixing and curing. 
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EXPERIMENTAL INVESTIGATION  

In present study M30 grade concrete were designed as per IS: 10262-2009 

 

A. Workability 

Freshly mixed concrete were tested for workability by slump test. In this investigation, M30 mix concrete the test by-weight basis 

by replacing cement by  0%,10%,20%,30% with RHA and 10%,20%,30% with GGBS and  30% combine effect of RHA and GGBS 

are carried out. 

 

B. Compressive strength 

 

In this investigation, M30 mix concrete is considered to perform the test by-weight basis with 0%,10%,20% and 30% of cement 

replaced by RHA  and 10%,20%,30% of cement by GGBS and combination of both  RHA  and GGBS. A 150x150 mm concrete cube 

was used as test specimens to determine the compressive strength of concrete cubes. The ingredients of concrete were thoroughly 

mixed till uniform consistency was achieved. The cubes were properly compacted. All the concrete cubes were de-moulded within 24 

hours after casting. The de-moulded test specimens were properly cured in water available in the laboratory at an age of 28 days. 

Compression test was conducted on a 2000KN capacity universal testing machine. The load was applied uniformly until the failure of 

the specimen occurs. The specimen was placed horizontally between the loading surfaces of the compression testing machine and the 

load was applied without shock until the failure of the specimen occurred. 

 

C. Split tensile strength 

 

In this investigation, M30 mix concrete is considered to perform the test by-weight basis by replacing 0%,10%,20% and 30% of 

cement replaced by RHA  and 10%,20%,30% of cement by GGBS and combination of both  RHA  and GGBS and combination of 

both quarry dust and GGBS. Cylinders of 150 mm diameter and 300 mm length were used as test specimens to determine the split 

tensile strength of concrete .The ingredients of concrete were thoroughly mixed till uniform consistency was achieved. The cylinders 

were properly compacted. All the cylinders were de-moulded within 24 hours after casting. The de-moulded test specimens were 

properly cured in water available in the laboratory for an age of 28 days. The split tensile strength was conducted as per IS 5816-

1976.The specimen was placed horizontally between the loading surfaces of the compression testing machine and the load was applied 

without shock until the failure of the specimen occurred. 

 

 

RESULTS AND DISCUSSIONS 

 

 

A. WORKABILITY  

Slump test of various mix proportions of RHA and GGBS in concrete are shown below 

Table1: Slump values with various proportions of  Rice husk ash and GGBS replacing cement in M30 grade concrete 

  

    S.No 

 

       RHA 

Content 

 

                                 

Slump 

  1 0% 96 

2 5% 90 

3 10% 85 

4 15% 79 

 

S.No 

      GGBS content         slump 

1 0% 96 

2 10% 97 

3 20% 98 

4 30% 99 
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Fig 1:  slump values when replacement of cement by RHA and GGBS 

 

B. Compressive  Strength Test 

 

The compressive strength of concrete was achieved in 28 days of various proportions and presented below. The specimens were cast 

and tested as per IS: 516-1959. 

 

 

Table 2: Compression test at 28 day with various Proportions of RHA and GGBS replacing cement in M30 grade concrete 
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    S.No 

 

       GGBS 

  Content 

Compressive 

strength N/mm
2
 

1 0% 32 

2 10% 36.44 

3 20% 39.55 

4 30% 23.55 

 

S.No 

 

RHA Content 

Compressive 

strength 

N/mm
2
 

1 0% 32 

2 5% 33.44 

3 10% 35.8 

4 15% 30.4 
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Fig 2: Compressive Strength when replacement of   Cement by RHA and GGBS  

From the figure 2 and table 2 it is observed that 10% Rice husk ash (RHA) and 20% GGBS achieved maximum strength in 

comparison to normal concrete.  

 

Table 3 and Fig 3: Compression test at 28 day with various Proportions of GGBS and RHA replacing cement in M30 grade 

concrete 

 

 

 

From the figure 3 and table 3 it is observed that combine 5% RHA and20% GGBS achieved maximum strength in comparison to 

normal concrete. 

 

c. Split Tensile Test 

 

The tensile  strength of concrete with 28 days  curing period for various proportions and presented below .The specimens were 

cast and tested as per IS: 516-1959. 
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1 5% RHA +25% GGBS 34.11 
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Table 4: Split tensile test at 28 day with various Proportions of RHA and GGBS replacing cement in M30 grade concrete 

 

 

 

 

 

 

  

Fig 4: split tensile Strength when replacement of   Cement by RHA and GGBS 

From the figure 4 and table 4 it is observed that 10% Rice husk ash (RHA) and 20% GGBS achieved maximum strength in 

comparison to normal concrete.  

 

Table 5 and Fig 5: Split tensile test at 28 day with various Proportions of RHA and GGBS replacing cement in M30 grade 

concrete 

 

 

 

From the figure 5 and table 5 it is observed that 10% Rice husk ash (RHA) and 20% GGBS achieves maximum  strength in 

comparison to normal concrete 

 

 

 

 

0

1

2

3

4

0% 5% 10% 15%

RHA 

0

1

2

3

4

0% 10% 20% 30%

GGBS 

3

3.2

3.4

3.6

3.8

5%+25% 10%+20% 15%+15%

RHA+GGBS 

 

S.No 

 

RHA Content 

Split tensile strength 

N/mm
2
 

1 0% 3.56 

2 5% 3.57 

3 10% 3.6 

4 15% 3.4 

 

S.No 

 

GGBS Content 

Split tensile strength 

N/mm
2
 

1 0% 3.56 

2 10% 3.58 

3 20% 3.65 

4 30% 3.01 

 

S.No 

 

 RHA and GGBS  

content 

 

Split tensile strength 

N/mm
2
 

  1 5% RHA +25% GGBS 3.5 

2 10% RHA+20%GGBS 3.61 

3 15% RHA+ 15%GGBS 3.3 
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CONCLUSION  

 

Based on the experimental investigations the following conclusions are drawn: 

¶ As cement is very costlier and use of cement creates a environmental problems need to find alternative material. Rice husk 

ash is a waste material which is obtained from rice mills a, it is a suitable substitute for cement at very low cost. 

¶ By adopting critical mix and replacing the cement by rice husk ash fine, it is found that by increasing the percentage of rice 

husk ash workability decreases because of its increased water absorption and strength decreases gradually. 

¶ Similarly replacing cement with GGBS increases the workability  

¶ From the above compressive strength  results, it is observed that rice husk ash  based concretes have achieved an increase in 

strength for 10% replacement of cement and 20% replacement of cement by GGBS and combine 10% RHA and 20% GGBS at the age 

of 28 days when compared  to conventional concrete.  

¶ From the above split tensile strength results, it is observed that rice husk ash  based concretes have achieved an increase in 

strength for 10% replacement of cement and 20% replacement of cement by ggbs and combine 10% RHA and 20% GGBS  at the age 

of 28 days when compared to conventional concrete. 

¶ From the above experimental investigation rice husk ash(RHA) can  be used as alternate material to cement  up to 10% ,20% 

GGB Sand 10%and 20% combine effect of  RHA and GGBS . 
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Abstractð Present invention provides special design of clamping fixture for drilling of boiler tube plate. This clamping fixture is 

necessary in order to self Centre the boiler tube plate. This self-centering can be done by using rack and pinion mechanism.  This 

fixture was designed and built to hold, support and locate fire tube boiler plate to ensure that it is drilled with accuracy. The fixture set 

up for component is done manually. For that more cycle time required for loading and unloading the material so, there was a need to 

develop a system which can help in improving productivity and time. Fixtures reduce operation time and increase productivity and 

high quality of operation is possible. 

Keywordsð Boiler Tube Plate, Self Centering, Rack and Pinion, Hydraulic Clampers, Simulation in solidworks, Shaft,  

  INTRODUCTION  

        The present scenario is that for the purpose of drilling of fire tube boiler plate manual clamping method is used. This consumes 

more time and due to which production rate affects. Hence clamping and declamping requires high manpower. Also during drilling 

vibrations are induced. To remove that the conventional method of setting blocks is used. These blocks may obstruct the path of tool 

and require constant relocating of the blocks. Fixture design plays an important role at the setup planning phase. Proper fixture design 

is crucial for developing product quality in different terms of accuracy, surface finish and precision of the machined parts. In existing 

design the fixture set up is done manually, so the aim of this project is to replace with hydraulic fixture to save time for loading and 

unloading of component. Hydraulic fixture provides the manufacturer for flexibility in holding forces and to optimize design for 

machine operation as well as process functionability. 

 

Steps for Fixture Design 

            Successful fixture designs begin with a logical and systematic plan. With a complete analysis of the fixture's functional 

requirements, very few design problems occur. The following is a detailed analysis of each step. 

Step 1: Define Requirements 

Step 2: Collect/Analyze Information 

Step 3: Develop Several Options 

Step 4: Choose the Best Option 

Step 5: Implement the Design 

             

Consideration Parameters 

               Designing of fixtures depends upon so many factors. These factors are analyzed to get design inputs for fixtures. The list of 

such factors are mentioned below: 

 

1. Study of work piece and finished component size and geometry. 

2. Type and capacity of the machine, its extent of automation. 

3. Provision of locating devices in the machine. 

4. Available clamping arrangements in the machine. 

5. Available indexing devices, their accuracy. 

6. Evaluation of variability in the performance results of the machine. 

7. Rigidity and of the machine tool under consideration. 

8. Study of ejecting devices, safety devices, etc. 

9. Required level of the accuracy in the work and quality to be produced 

 

Fixture Design 

     To meet all design criteria for work holder is impossible, compromise is inevitable. The most important hint of optimal design 

objectives is positioning, holding& supporting functions that fixtures must fulfill. 
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1. Position: Fixture must above all else hold the work piece, precisely in place to prevent 12 degrees of freedom, linear 

movement in the either direction about each axis. 

2. Repeatability: Identical work piece specimens should be located by work holder in precisely the same space on repeated 

loading & unloading cycles. It should be impossible to hold the work piece incorrectly. 

3. Adequate clamping forces: The work holder must hold the work piece immobile against the forces of gravity. Centrifugal 

force, inertia force, wetting force, milling & the design must calculate these machines forces against the fixture holding 

capacity. The device must be rigid: clamping forces must be maintained. 

4. Care during loading cycles: As the work holders usually receive more punishment during the loading & unloading cycle than 

during the machining operation. The device must endure impact & aberration for at least the life of the job. 

 

Literature Survey 

       Shailesh S. Pachbhai, Laukik P. Raut (2014) have described that in machining fixtures, minimizing work piece deformation 

due to clamping and cutting forces is essential to maintain the machining accuracy. This can be achieved by selecting the optimal 

location of fixturing elements such as locators and clamps. The fixture set up for component is done manually. For that more cycle 

time required for loading and unloading the material.  So, there is need to develop system which can help in improving productivity 

and time. 

        T. Papastathisa, O. Bakkera , S. Ratcheva, A. Popova (2012) have described that instead of using passive fixture element use 

active fixture element because it reduce the dynamic deformation of the work piece by 84.2%. 

        Chetankumar M. Patel, Dr. G. D. Acharya (2014) have discussed that Paper proves utility of hydraulics in fixture design in 

three different ways: (i) reduces cycle time, (ii) reduces operator fatigue and increases productivity and (iii) reduces wear and tear of 

fixture components. 

 

CENTERING OF TUBE PLATE  

        Initially centering of the plate is done manually. Perpendicular diameters are drawn approximately and center is plotted. Now the 

plate is loosely clamped and tool is allowed to move from one end point of diameter towards the other and then the tool moves half of 

the distance backward to obtain the center. If this center matches with the manually obtained center then machining is done by 

tightening the clamping or else procedure is repeated unless and until exact center is obtained. During the drilling operation vibrations 

are induced in the plate. Hence to overcome this presently 100*100 mm blocks are placed below plate to support it. 

 
 

Figure 1. Actual Mounting of Plate 
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Figure 2. Manually adjusted Clamps 

 

 MAJOR PARTS OF THE SYSTEM 

     The following major parts are used in this system 

1. Rack and Pinion 

2. Shaft 

3. Bearing  

4. Coupling 

5. Stand 

6. Base plate 

7. Clampers 

 

DESIGN PROCEDURE 

1. Design of Rack and Pinion: [7] 

               We have the standard rack and pinion pair available from ATALANTA RACK AND PINION Company. 

       Selection criteria are as follow: 

       Force required to pull the plate = weight of 2m diameter plate 

               W = volume × density × 9.81 

               W = “ὶ×7850×9.81= 5320 N 

  Step 1:  Determining the Tangential Force 

                         a =   
 
  [m/s²] 

                         F = ((mĬgĬɛ) + (mĬa)) N 

 

  Step 2:  From the given force select the standard rack and pinion pair and calculate Fperm.          

 

                  F perm. =  
               

  

                  The Condition F < F perm. Must be fulfilled. 

   Step 3: Selection of load Factor KA : 

  

                

 

Drive Type of load from the machines to be driven 

 Uniform Medium 

Shocks 

Heavy 

Shocks 

Uniform 1 1.25 1.75 

Medium 

Shocks 

1.25 1.5 2.00 

Heavy 

Shocks 

1.5 1.75 2.25 

 

Table 1. Shock Load Factor 
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Step 4: Safety Coefficient SB: 

                     The safety coefficient should be taken as 1.1 to 1.4 

              (SB = 1.1 to 1.4). 

 

Step 5: Life-Time Factor (fn): 

               Considering the peripheral speed of the pinion and lubrication. 

 

Lubrication 

Peripheral 

Speed of 

Gearing 

m/sec 

Continuous Daily Monthly 

 

0.5 0.85 0.95  

 

3  to 10 
1.0 0.95 1.10 

1.5 1.00 1.20 

2.0 1.05 1.30 

3.0 1.10 1.50 

5.0 1.25 1.90 

 

Table 2. Life time factor 

 

Step 6:  Selection of Linear Load Distribution Factor LKHB : 

              The linear load distribution factor considers the contact stress, while it   describes unintegrated load distribution over the                                         

tool width 

             LKHB = 1.1 for counter bearing, e.g. Torque Supporter. 

                      = 1.2 for preloaded bearings on the output shaft e.g. ATLANTA HT, HP and E servo-worm gear unit, BG bevel-                                                                         

gear unit. 

                      = 1.5 for unpreloaded bearings on the output shaft e.g. ATLANTA B servo-worm gear unit. 

 

Calculations:      

 

              Mass to be Moved (m) = 550 kg 

              Speed (v) =0.05 m/s 

              Acceleration Time (tb) = 1 s 

              Acceleration Due to Gravity (g) = 9.81 m/s
2
 

              Coefficient of Friction (ɛ) = 0.23 

              Load Factor (Ka) = 1.25 

              Life-Time Factor (fn) = 0.85 

             Safety Coefficient (SB) = 1.4 

             Linear Load Distribution Factor (LKHB) = 1.5 

                   

                   a =      = 0.05 m/s
2
 

                 Fu = ((mĬgĬɛ) + (mĬa))  

                 Fu = ((550×9.81×0.23) + (550× 0.05))  

                 Fu = 1.268 KN 

 

            Assumed feed force: 

               Rack C45, ind. hardened, straight tooth, and module 3.  

               Pinion 16MnCr5, case hardened, 40 teeth,  

               With Ftab = 16.5 KN 

 

              F perm. =  
               

  

              F perm. =  
Ȣ

         Ȣ Ȣ Ȣ Ȣ        
  

              F perm. = 7.39 KN 

               Condition 

               F perm > Fu;  
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             1.268 KN > 7.39 KN = > fulfilled 

 

    Result: 

        Rack 27 30 1001  

        Pinion 24 35 240 (case hardened). [4] 

 

2. Design of Shaft 

        The shaft is designed using ASME code. According to this code, the permissible shear stress Ịmax for the shaft without 

keyways is taken as 30% of yield strength in tension or 18% of the ultimate tensile strength of the material, whichever is 

minimum. If keyways are present, the above are reduced by 25%. Also, the bending and torsional moments are to be 

multiplied by factors Kb and Kt respectively, to account for shock and fatigue.  

        Thus, 

    Ịmax = 
Б

 ã [(KB × M)
 2 

+ (Kt
 × 

T)
 2] 

      
   Where,  

Kb = combined shock and fatigue factor applied to bending moment  

K t = combined shock and fatigue factor applied to torsional moment 

       Step 1: Selection of material for shaft. 

                 The material selected for the shaft is C40 [7] 

                 The values of the ultimate tensile strength and yield strength are as follows:  

                 Sut = 640N/mm
2 

                 Syt = 380N/mm
2 

       Step 2: Calculation of permissible shear stress 

                 Allowable stress = .75×.3×Syt   or .75×.18×Sut 

                                             = 85.5 N/mm
2
 or 86.4 N/mm

2
  

                 Hence, permissible shear stress is 85.5 N/mm
2
     é. Minimum value is taken. 

      Step 3: Calculation for maximum bending moment 

                  Force acting on pinion is F=1.25kN 

                  This force is resolved into two components as follows: 

a) Tangential component acting in the direction of motion of pinion. 

       Ft = F cos (Ŭ) 

          = 1.25 Ĭ cos (20)           é. 20
0
 pressure angle of pinion 

          = 1.17 KN  

b)     Radial component acting away from the Centre of the pinion. 

       Fr = Ft tan (Ŭ)    

           = 1.17 Ĭ tan (Ŭ) 

           = 0.427 KN 
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Figure 3. Vertical force diagram 

                        ×Fy=0 

            Therefore, from vertical force diagram, 

                 Fr - Frsin30 - Frsin30 + Ftcos30 ï Ftcos30 + RAV + REV  = 0 

                0.427- 2×(0.427)×sin30 + RAV + REV = 0 

                RAV + REV = 0 é. (1) 

            Consider the moments about óAô. 

                ×Ma = 0 

                Fr × 64 ï (Ftcos30 + Frsin30) × 107 + (Ftcos30 - Frsin30) × 150 + REV ×210 = 0 

           Thus,  

               REV = -0.076 kN 

               RAV = 0.076 kN 

 

            Bending moments at different points are as follows: 

               MBV = RAV × 64 

                       = 4.864 kN-mm 

               MCV = RAV × 107 + Fr × 43 

                      = 26.514 kN-mm 

              MDV = REV × 60 

                      = - 4.595 kN-mm 

 

 

Figure 4. Horizontal force diagram 

 

 

              ×Fy=0 

        Therefore, from horizontal force diagram, 

                     -Ft + Frcos30 + Ftsin30 + Ftsin30 ï Frcos30 + RAH + REH = 0 

             -1.17 - 2× (1.17) × sin30 + RAH + REH = 0 

              RAH + REH = 0 é. (1) 

       Consider the moments about óAô. 

              ×Ma = 0 

                     -Ft × 64 + (Frcos30 + Ftsin30) × 107 + (Ftsin30 - Frcos30) × 150 + REH × 210 = 0 
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       Thus,  

               REH = -0.28 KN 

               RAH = 0.28 KN 

 

       Bending moments at different points are as follows: 

              MBH = RAH × 64 

                     = 17.92 kN-mm 

             MCH = RAH × 107 - Ft × 43 

                     = -20.35 kN-mm 

             MDH = REH × 60 

                     = - 16.8 kN-mm 

  

             Resultant bending moments 

              MB = ã [(MBH)
 2 

+ (MBV)
 2]

 

                    = 1.856 kN-mm 

              MC = ã [(MCH)
 2 

+ (MCV)
 2]

 

                   = 33.42 kN-mm 

             MD = ã [(MDH)
 2 

+ (MDV)
 2]

 

                   = 17.41 kN-mm 

       Therefore the highest total bending moment is occurring   at point óCô. 

             Hence M = 33.42 kN-mm 

 

       Step 4: Calculation of torsional moment 

              Torque acting on the shaft is  

                  T = Ft × r 

                     = 0.0702 × 10
3
 KN-mm 

 

       Step 5: Calculation of equivalent torsional moment 

                For gradually loaded rotating shaft 

                Kb = 1.5 and Kt = 1        é.  V. B. Bhandari Pg. No.334 

           Thus the equivalent torque is  

                Te = ã [(KB × M)
 2 

+ (Kt × T)
 2]

 

                     = 86.26 kN-mm 

 

 

      Step 6: Verification of safety of shaft 
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              The allowable torsional stress is given as 

                  Ịall = 
Б

 

                        = 10.24 N/mm
2
 > 85.5 

              Therefore design is safe. 

 

3.  Design of key 

        Step 1: Selection of material 

             C50 is selected as material for key 

                 Sut = 520 N/mm
2
 

                 Syt = 340 N/mm
2
 

 Step 2: Determination of dimensions of the key 

             For diameter of 35mm, the dimensions of keys are 10mm × 8 mm.  [8]    

        Step 3: Permissible compressive and shear stresses  

                  ůc =  

                      = 340/3 

                      = 113.33 N/mm
2
 

             According to maximum shear stress theory of failure, 

                Ssy = 0.5 Syt   

                     = 0.5 × 340 

                     = 170 N/mm
2
 

                  Ị =  

                    = 170/3 

                    = 56.67 N/mm
2
 

 

       Step 4: Determination of induced compressive and shear stress 

               ůc = 
ᶻ

ᶻᶻ
 

                   = 
ᶻ Ȣz

ᶻᶻ
 

                   = 33.42 N/mm
2
 < 113.33 N/mm

2  
 

                Ị = 
ᶻ

ᶻᶻ
 

                   = 
ᶻ Ȣz

ᶻ ᶻ
 

                   = 13.37 N/mm
2
 < 56.67 N/mm

2  
 

           Hence, the design of key is safe. 

 

4. Design of Bearings: 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

171                                                                                                   www.ijergs.org   

             Procedure for selection of bearing from manufacturing catalogue 

 Step 1: 

            Calculate i) radial (fr) and axial forces (fa) acting on the bearings  

                           ii) Diameter of shaft (d) 

                          iii) Speed of shaft (n) 

 

 Step 2:     

            Select the type of bearing for the given application. 

Step 3: 

           Calculate the values of X and Y , the radial and thrust factors, from the catalogue. These values depends upon ratios,(fa/fr)         

and (fa/C0).The selection therefore, done by trial and error method. 

            To begin with, a bearing of light series, such as 60,is selected for the given diameter of the shaft and the values  of C0 is 

found from the catalogue. 

Step 4:  

           Calculate the equivalent dynamic load from the equation.  

                P=X × fr +Y × fa 

Step 5: 

           Make a decision about the expected bearing life and express the life L10 in million revolutions. 

             L10    =      60 ×n ×L10h    

                                   10
6
 

             L10    =      60 ×10 ×30000    

                                   10
6
 

                    =18 millions 

Step 6: 

               C = P × (L10)
1/a 

                          
a=3 (ball bearing) 

                C= 360.49 × (18)
1/3 

                            
=944.7525 N 

            Cr =19613.3 

             So, Cr   > C 

             So selected bearing is safe 

Step 7: 

             Referring the SKF manufacturing catalogue the selected bearing no is 6207[6] 

                 Dimensions of the bearing 

                 Inner diameter of shaft =35mm 

                Outer diameter of shaft=72mm 
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                Thickness of bearing =17mm 

 

5. Design of coupling:[7] 

            The basic procedure for finding out the dimensions of the rigid flange coupling consists of the following steps:  

         Shaft diameter: Calculate the shaft diameter 

     Dimensions of flanges: Calculate the dimensions of the flange by the following empirical equations: 

                dh = 2d    

               Lh = 1.5 d 

                D = 3 d 

                  t =.5 d  

                 t1 = .25 d  

                 dr = 1.5 d 

                Do = (4d +2t1) 

  The torsional shear stress in the hub can be calculated by considering it as a hollow shaft subjected to torsional moment Mt. 

         The inner and outer diameters of the hub are d and dh respectively. The torsional shear stress in the hub is given by,  

                Ị =  

                 J = Ø (dh
4
-d

4
)/32 

                 r = dh/2 

               Shaft diameter = 35 mm 

                 Dimensions of flange are given by following empirical equations: 

        dh = 2d  = 70mm 

       Lh = 1.5 d =52.5mm 

        D = 3 d = 105mm 

         t = .5 d = 17.5 mm 

        t1 = .25 d = 8.75 mm  

       dr = 1.5 d = 52.5 mm 

      Do = (4d +2t1) = 157.5 mm 

      For d < 40mm, N = 3 

 

      

 

6. Design of hydraulic clampers [8] 
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Figure 5. Design of hydraulic clampers 

 

 

 

 

Table 3. Clamper Specifications 

 

RESULT TABLE  

 

    Sr. 

No. 

            Component 

 

Dimensions 

 

1. Rack and Pinion Rack 27 30 1001 

Pinion24 35 240 

2. Shaft ◖35mm 

3. Bearing 6207 

ID = 35mm 

OD = 72mm 
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Thickness=17mm 

4. Coupling dh=70mm,Lh=52.5mm 

D=105mm,t=17.5 mm 

t1 = 8.75 mm 

5. Stand 15mm 

 

Table 4. Component Specification 

 

 

 

ACTUAL MODEL  

 

 

 

Figure 6. Self-Centering Mechanism without plate 
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Figure 7. Self-Centering Mechanism with plate 

 

 

CONCLUSIONS 

 

1. This automation reduced the human effort and hence donôt need a person to adjust the plate for drilling. 

2. This design also enabled vibration free operation which increased the quality of drill to the plate. 

3. It increased the productivity and reduced the cycle time of 1 hour to 15 minutes. 

 

REFERENCES: 

[1] Shailesh S .Pachbhai, Laukik P. Raut (2014) ñA Review on Design of Fixturesôô International Journal of Engineering                                                                                                                                       

Research and General Science Volume 2, Issue 2, Feb-Mar 2014. 

[2] T. Papastathisa , O. Bakkera , S. Ratcheva , A. Popova, Design Methodology for Mechatronic Active Fixtures with Movable   

Clamps , 45th CIRP Conference on Manufacturing Systems 2012 

[3] Chetankumar M. Patel, Dr. G. D Acharya, Design and manufacturing of 8 cylinder hydraulic fixture for boring yoke on VMC 

ï 1050, 2nd International Conference on Innovations in Automation and Mechatronics Engineering, ICIAME 2014 

[4] Atlanta Rack and pinion drive manufacturerôs catalogue 

[5] Tool Fast Work holding Specification Catalogue 2015 for hydraulic clampers 

[6] SKF bearing manufacturerôs catalogue 

[7] V. B. Bhandari óDesign of Machine Elementô Tata McGraw-Hill Education, 2010 - Machine design  

[8] Tool Fast Work holding Specification Catalogue 2015 for hydraulic clampers 

 

 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

176                                                                                                   www.ijergs.org   

STRUCTURAL STATIC ANALYSIS OF KNUCKLE JOINT  

Sangamesh B. Herakal, Ranganath Avadhani, Dr.S.Chakradhar Goud 

Asst.Prof Dept. of Mechanical Engineering, Holy Mary Institute of Technology and Science, sachin.herakal@gmail.com, 7842915795 

 

Abstractð The rapid growth of technology in recent decades has led to the reduction of cost and weight of materials. The aim of the 

present paper is to study calculate the stresses in Knuckle joint using analytical method. Further study in this direction can made by 

using various directions of the pin and the capacity to withstand load. The present work is concentrating on which type of meshing is 

preferable for components. Here knuckle joint is modeled by making use of catia, later on that model is imported in Hypermesh and 

carried out both mesh those are hexahedral and tetra mesh. This model is solved by using Abacus software. The FEA results are 

compared with analytical results. 

 

Keywordsð Knuckle joint, FEA, hexahedral, tetrahedral, abaqus, hypermesh, axial load. 

INTRODUCTION 

A Knuckle joint is used to connect two rods under tensile load. This joint permits angular misalignment of the rods and may take 

compressive load if it is guided. These joints are used for different types of connections i.e. tie rods, tension links in bridge structure. 

In this, one of the rods as an eye at the rod end and other end is forked with eyes at the both the legs. A pin (knuckle pin) is inserted 

through the rod-end and fork end eyes and is secured by collar and a split pin. Normally, empirical relations are available to find 

different dimensions of the joint and they are safe from design point of view. The proportions are given in the figure. 

 

Fig 1 2D model of knuckle joint 

MAJOR COMPONENTS OF KNUCKLE JOINTS:  
Å Single eye end 

Å Double eye end 

Å Knuckle pin 

Å Collar 

Å Taper pin / Split pin 

GEOMETRIC MODELING  

Early cad systems were basically automated drafting board systems which displayed a two dimensional representation of the object 

being designed. Operations could use these graphics systems to develop the line drawing the way they wanted it and then obtain a very 

high quality paper plot of the drawing. B y using these systems, the drafting process could be accomplished in less time, and the 

productivity of the designers could be improved. Although they were able to reproduce high quality engineering drawing efficiently 

and quickly, these systems stored in their data files a two dimensional record of the drawing. The drawing usually of three-

dimensional objects and it was left to the human being who read these drawing to interpret the three dimensional shape from the two 

dimensional representation. The major drawback of the early CAD systems was that they were not capable of interpreting the three 

dimensionality of the object. 
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Fig 2. 3D model of knuckle joint 

BOUNDARY CONDITION  

 

                                       Knuckle joint is hinged by the end surface of fork. 

 

 

                               Tension force is applied on the end surface  of eye 

  

Table 1: Dimensions of knuckle joint 

Sl no. Parameters Values 

1 Diameter of rod 30mm 

2 Diameter of pin 30mm 

3 Diameter of pin head and 

collar 

60mm 

4 Thickness of eye 45mm 

5 Thickness of fork 35mm 

6 Thickness of eye end 36mm 

7 Thickness of fork end 45mm 

8 Thickness of collar 22.5mm 

9 Thickness of pin head 15mm 
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Table 2: Material properties for steel 

Mechanical property Value Unit  

Density 7850 Kg/m
3
 

Coefficient of thermal 

expansion  

1.7e
-005 

 

Specific heat 480 J/Kg/C 

Thermal conductivity 15.1 W/m/C 

Resistivity 7.7e
-007

 Ohm  

Compressive yield 

strength 

2.07e008 Pa 

Tensile yield strength 2.07e008 Pa 

Tensile ultimate strength 5.86e
008

 Pa 

Reference Temperature 22 C 

Youngôs modulus  21000 Pa 

Poissonôs ratio 0.31  

Bulk modulus 1.693e
011 

Pa 

 

RESULTS AND DISCUSSION 

A.Stress values of Hex mesh 

 

Fig 3: Stress values of hex mesh 

B.Stress values for tetra mesh 
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Fig 4: Stress values for tetra mesh 

C.Strain values for hex mesh 

 

Fig 5: Strain values for hex mesh 

D.Strain values for tetra mesh 

 

Fig 6: Strain values for tetra mesh 
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ANALYTICAL RESULTS  

Theoretical calculation for maximum stress 

Let, applied load=50kn 

But the fork is considered as plate which is subjected to abrupt changes in cross sectional area therefore stress concentration factor 

should be required to determine max stress. 

We know that, 

ὑ            (1) 

  K=stress concentration factor. 

  „άÁØÍÁØÉÍÕÍ ÓÔÒÅÓÓ 

  „ὲέάὲέάὭὲὥὰ ίὸὶὩίί 

„ὲέά           (2) 

Area=(w-d) Ὤ 

        =(90-36) 35 

                         =1890άά  

Therefore „ὲέά
ȟ

 = 26.45 ὔ άάϳ  

Also we have that, fork is subjected to abrupt changes in two major sections and hence we get 

 ὑ ὑ1+K2) 

 K1=stress concentration factor for plate with hole 

i.e=2.23 for  

From DDHB V1 by Dr.LINGAIAH  

 K2=stress concentration factor for filleted flat bar in tension 

 i.e=1.6 for πȢςψ ὥὲὨ ςȢυ 

ὑ ςȢςσ ρȢφυ σȢψψ 

             „άὥὼ=ὑ „ὲέά 

                                                                    =3.88 ςφȢτυ 

                                                                      „άὥὼ =102.6ὔ άάϳ  

Theoretical calculation for maximum stress 

Youngs modules(E) =
 

 

                        µ=  

                                           =(102.6/210000) 
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                     Strain =4.84 ρπ 

Table 3: Comparison of stress values as measured by theoretical in component and as predicted using the finite element 

analysis for hex & tetra mesh on knuckle joint   

S.no Types of mesh The,value Exp,value %Error 

1. HEX 102.6N/άά  98.08 4.41% 

2. TETRA 102.6Nάά  97.06 5.39Ϸ 

 

Table 4: Comparison of strain values as measured by theoretical in component and as predicted using the finite element 

analysis for hex & tetra mesh on knuckle joint   

S.NO Types of mesh The, value Exp, value %Error 

1. HEX 4.88 ρπ 4.80 ρπ 1.64Ϸ 

2. TETRA 4.88 ρπ 4.71 ρπ 3.48Ϸ 

 

CONCLUSIONS 

Fork is analyzed for stress for the tensile load 50kn for the both mesh viz hex and tetra mesh and compared with theoretical value. 

1. The conclusion is drawn from work are as follows: 

2. The results show that the fork takes higher stress and eye takes less stress under loading    condition. 

3. The induced stress in the fork is higher than allowable stress hence the design is out of safe for that diameter of rod of 

knuckle joint needed to be varied. 

4. The error between theoretical value and hex meshed analyzed value has less than that of between theoretical and tetra 

meshed analyzed value and hence hex mesh is better than the tetra mesh. 
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Comparative study of Image processing techniques used for Scene 

text detection and extraction 
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V.J.T.I. Mumbai, akhileshp31@gmail.com 

 

Abstractð In recent years, wide variety of research has been done on Text detection and Extraction from Scene images. These 

techniques are used for large number of applications like aid for visually impaired people, Document analysis, Vehicle license plate 

recognition, etc. Text Extraction plays a major role in finding vital and valuable information from captured image. With rapid 

development in Multimedia Technology and growing requirement for information, identification, indexing and retrieval, several 

image processing techniques have been developed for extracting text. Each technique has its pros and cons depending on various 

conditions like Speed, Accuracy, Complexity, Processing time, etc. Hence, only single method is insufficient for overall text detection 

and extraction system. To achieve better performance, it is necessary to combine these techniques. So, we need to have adequate 

knowledge of various techniques proposed worldwide. On this background, this article discusses various schemes proposed earlier for 

extracting the text from an image. This paper also provides the performance comparison of several existing methods proposed by 

researchers in extracting the text from an image. 

Keywordsð Text detection, Image Enhancement, Image Preprocessing, Localization, Text extraction, Text Recognition.   

I.  INTRODUCTION  

Text data is particularly interesting, because text describes the contents of an image. Text embedded in images is mainly classified as 

Caption/Artificial text and Scene/Natural text [9]. Caption text is laid over the image during editing e.g. score of match whereas Scene 

text is actual part of the scene e.g. street signs, name plates. The problem of Text detection in printed document has been focused for 

many years and has already reached high recognition rates made it the most successful applications of Compute vision and Machine 

learning techniques. However, characters recognition from scene images is still a challenging task due to complex background, non-

uniform lighting condition, font size, styles, perspective distortion multilingual environment or blurring effects of natural images and 

active subject for many researchers nowadays [6] [9]. Hence, this paper focuses on extraction of text from Scene image. In order to 

overcome these problems in scene images, many preprocessing, image enhancement and extraction techniques are proposed and they 

are used in particular conditions. So, it is essential to study these techniques for employing simple, robust, high performance and cost 

effective system for Scene text recognition. To achieve this goal, current paper surveys most of the image processing techniques used 

for text detection and extraction in Scene images. The purpose of the survey is to compare text extraction techniques for selecting 

proper technique according to applications and conditions.   

II. BACKGROUND 

Typically, Text extraction consists of various steps like Preprocessing, Text detection, Localization, Binarization and Thresholding, 

Extraction, Enhancement and Recognition. Order may vary according to application and convenience. The methods cited in this paper 

are based on morphological operators, wavelet transform, Feature Learning algorithm, artificial 

neural network, edge detection algorithm, histogram technique etc.  

Earlier methods consider only 2-D image or B&W image but nowadays 3-D or Color images are 

also taken into consideration. They used mainly the image datasets such as ICDAR competitions 

and Chars 74k for experimentation which is shown in figure 1.Software used for simulation in 

most of the researches is MATLAB as it is simple to use and easily available image processing 

tool. It has various inbuilt commands for image processing. Also, Mathscript built on MATLAB 

can be used on different platforms. Lots of research work has been done to improve accuracy and 

performance of text extracting techniques. Recently, researchers have explored approaches that 

prove effective for text captured in various configurations, in particular, incidental text in 

complex backgrounds. Such approaches typically stem from advanced machine learning and optimization methods, including Figure 1: Examples of Scene images 
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unsupervised feature learning ,convolutional neural networks (CNN), deformable part-based models (DPMs) , belief propagation  and 

conditional random fields (CRF) [10] [14]. 

III. LITERATURE SURVEY 

For convenience, we break the system into three stages: 1. Pre-processing stage  2. Processing stage 3. Post processing stage. Pre-

processing stage use some enhancement algorithms to eliminate challenges created by noise, blurring effect and uneven lighting 

whereas Processing stage includes Text Detection, Extraction, Segmentation and Localization which uses sophisticated methods. 

Third stage is Text recognition stage which is applied after processing stage.   

A ) IMAGE ENHANCEMENT / PREPROCESSING 

Before proceeding to text detection and extraction methods used, we have to first consider Scene image can be mixed with noise like 

Salt and pepper noise, Impulse noise etc. or it can be blurred due motion of camera. For that purpose, we should use some image 

preprocessing/enhancement Techniques. De-blurring techniques like Lucy Richardson algorithm, Blind de-convolution algorithm, 

Wiener de blurring techniques are generally used [17]. Out of them, Wiener filter is selected which is a natural extension of the 

inverse filter when noises are present.  Figure 2 illustrates how de-blurring is achieved using Wiener filter on MATLAB. From figure, 

it is observed that binarization after wiener filtering produces better result which will be effective for further processing.  

 

     
(a)                                   (b)                                    (c) 

 

 

Salt and pepper noise is one type of impulse noise which can corrupt the image, where the noisy pixels can take only the maximum 

and minimum values in the dynamic range i.e. black dot on white background (pepper) and white dot on black background (salt) 

which degrades the text extraction performance of system [19]. Since, 

linear filtering techniques are not effective, standard median filter (SMF), 

which is  a non-linear filter used to remove such noise due to its good de-

noising power and computational efficiency. However, when noise level is 

more than 50%, edge details of the original image will not be preserved by 

the median filter  

as shown in Figure 3. So, It is recommended that during the filtering  

(restoration) process the edge details have to be preserved without losing  

the high frequency components of the image edges.  

 

Sometimes, image is captured in dark or uneven lighting for which Text extraction becomes difficult. So, application of contrast 

enhancement is necessary. Histogram Equalization method is mostly used for Contrast enhancement.  Figure 4 shows how contrast 

enhancement done using Histogram Equalization. Hence, this leads 

to overcome Uneven lighting, Blurring and noise degradation 

problems which would adversely affect system performance.  

 

      

 

 

Figure 2: De-blurring of an image using Wiener filter. (a) Blurred image; (b) Binarized image without filtering; (c) Binarization after De-blurring  

(a)                                        

(b) 

Figure 3: Salt and pepper noise removal using Median 

filtering.   

     Figure 4: Contrast Enhancement using Histogram equalization.   
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B)  PROCESSING STAGE : 

 

 

 

 

 

 

 

 

Text Detection phase takes enhanced image or video frame as input and decides it contains text or not. It also identifies the text regions 

in an image whereas Text Localization merges the text regions to formulate the text objects and define the tight bounds around the text 

objects. Figure 5 shows Architecture of Processing stage. Text detection, localization and tracking modules are closely related to each 

other and it is the most challenging and difficult part of extraction process as it feeds to character recognition system [11]. 

Text Tracking: This phase is applied to video data only. For the readability purpose, text embedded in the video appears in more than 

thirty consecutive frames. This phase exploits temporal occurrences of the same text object in multiple consecutive frames. It can be 

used to rectify the results of text detection and localization stage. It is also used to speed up the text extraction process by not applying 

the binarization and recognition step to every detected object [11]. 

 

Text Binarization: This step is a part of image segmentation, used to segment the text object from the background in the bounded text 

objects. The output of text binarization is the binary image, where text pixels and background pixels appear in two different binary 

levels like white text on dark background or vice versa. Many times Binarization can be applied before localization step.  

 

For Text Detection, connected component analysis (CCA) and sliding window classification are two widely used methods, and color, 

edges, strokes, and texture are typically used as features [10]. CCA which is a graph algorithm, where subsets of connected 

components are uniquely labeled based on heuristics about features, i.e. color similarity and spatial layout. The use of statistical 

models in CCA significantly improves its adaptivity. In the sliding window classification method, multi-scale image windows that are 

classified into positives are further grouped into text regions with morphological operations, CRF [13] or graph methods. For text 

localization, color, edge and texture features were conventionally used, and stroke, point, region and character appearance features 

have recently been explored [10]. M. Swamy Das et.al [8] provides detail analysis of detection techniques such as Connected 

component based, edge based and Texture based method. From this article, it is observed that Texture based method is more efficient 

compared to that of the performance obtained with edge based method and connected component based method. But for better 

performance it is always advisable to combine this techniques.  

C)  POST PROCESSING STAGE: 

Character Recognition: The last stage is the character recognition. This module converts the binary text object into the ASCII text. 

There are various sophisticated tools already developed which are used for recognition like OCR, Snooper text [22] etc. Figure 6 

shows how óhelloô word wrapped in image gets recognized through Text Extraction process.  

 

                             
                       Original image                 Preprocessing & Binarization        Text Detection & Localization       Text Recognition 

 Figure 6: Text Extraction process on image 

Text Detection Text Localization Character Recognition Binarization 

Text tracking 

 Figure 5: Architecture of Text Detection & recognition System 

Image/Video          Text 

hello 
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IV.   ANALYSIS 

The performance of each algorithm mostly evaluated based on parameters like precision rate, recall rate, average run time etc. The 

Precision and recall rates are calculated as 

                                                                              

Where, False positives are the non-text regions in the image and have been detected by the algorithm as text regions and False 

negatives are the text regions in the image and have not been detected by the algorithm [8]. Both precision and recall rates are useful 

to determine the accuracy of each algorithm in eliminating the non-text regions and locating the correct text regions. Higher accuracy 

and Less run time is preferred for any application which requires text extraction from an image. Performance analysis based on such 

parameters on some of surveyed papers is given in Table 1 as shown below.   

Table 1: Performance Analysis of Text Extraction methods  

SR. 

NO. 
AUTHOR YEAR METHOD/S USED ACCURACY ADVANTAGES DISADVANTAGES 

1. Wahyono, 

et.al [27] 

2015 Canny edge detector, Fast Stroke 

Width Transform (FSWT) 

61% 

(Precision), 

63% 

(Recall) 

Fast (0.18 sec.) So, it can 

be used in real time. 

Also used for Multi 

Language text detection.  

Complex in 

Design 

   2. 
Hrishav raj, 

et.al [7] 
2014 

Binarization, Connected 

Components (CC), Morphological 

operations, Canny Edge detection 

72.8% 

(Precision),  

74.2% (Recall) 

Independent of Font 

Size, Style and 

directions. 

Trained only for 

extracting      

Devanagari Text 

from image   

   3. 
C.P. Sumathi 

et.al [4] 
2013 

Wavelet transformation, 

Morphological operation, Feature 

extraction, Neural Network 

classifier 

87.0% 

Low fragmentation, low 

error rate, Tolerance to 

noise. Works on Video 

frames 

Slow and 

Complex to 

design. 

   4. 
Ho Vu, et.al 

[1] 
2012 

Feature learning method with 

Orthogonal matching pursuit for 

training & sparse coding as a 

mapping-function. 

83.8% Less affected by the 

categorization of images 

Takes long time 

while extracting 

feature vectors. 

5.  

Huizhong 

Chen et.al 

[10] 

2011 

CC based Edge-enhanced 

Maximally Stable Extremal Regions 

(MSER), Stroke width Transform 

(SWT) 

73% 

(Precision), 

60% 

(Recall) 

Simple & efficient, can 

be combined with visual 

search systems without 

further computational 

load 

Detection fails  

due to excessive 

blur and out of 

focus as no 

preprocessing 

6. 
Andrej Ikica, 

et.al[20] 
2011 Edge profile based detection with 

Canny edge map, Heuristic rules 

70.9% 

(Precision), 

55.2% 

(Recall) 

Simple, fast and 

efficient 

Sometimes Non 

Text areas get 

detected leads to 

low accuracy. 

7. 
Huang et.al 

[25] 
2010 

Stroke Map, Connected component 

analysis, Harris Corner Detection 
90.2% 

Robust to detect and 

locate video scene text 

with variation of text 

size, Good speed   

Not suitable in 

low contrast 

background 

8.  Pan et. al [13] 

 

2009 

 

Combination of CC & region based 

approach includes Conditional 

Random Field(CRF) model, 

Minimum classification error 

(MCE) learning, Graph cuts 

inference, Minimum spanning tree 

67% 

(Precision),  

71% 

(Recall) 

Robust and accurately 

Localize texts 

 

 

Takes More 

time and 

Complex 

Precision   = 

= 

 Recall     = 
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9. 
Nobuo Ezaki 

et.al [18] 
2004 

Sobel edge detection, 

Otsu binarization, connected-

component extraction, rule-based 

connected-component selection 

48% 

(Precision), 

76% 

(Recall) 

Easy to design, 

Combination of these 

methods gives good 

overall performance 

Low detection 

accuracy for 

small text in 

images 

10. 
Gllavata et.al 

[5] 
2003 

Color reduction technique, Edge 

detection, and localization of text 

regions using projection profile and 

geometrical properties 

83.9% 

(Precision), 

88.7% 

(Recall) 

Works well in Grayscale 

as well as Color image. 

Low quality 

images makes 

detection 

complex.  

V.  CONCLUSION 

This paper covers detail analysis of the text detection, localization and tracking techniques. After comparison study of recent 

researches on Text extraction in scene images, it is observed that each proposed method has its own advantages depending on various 

conditions which are mentioned before. Some papers have modified the techniques while some invent new techniques. It is necessary 

to first preprocess the image before applying  Text Extraction algorithms cause it can produce false detection and hence less accuracy. 

Accuracy and speed are important factors while considering performance and there is trade-off between two factors. So, keeping this 

in mind proper technique should be selected. 

Recent methods developed using neural network, Fuzzy logic, DCT, Wavelet transforms are complex but produce good results rather 

than conventional methods. Connected component based, Edge detection based methods are comparatively easy to develop but are 

less accurate than modern techniques. Hence, to achieve good performance, System needs to be design by combining these techniques 

as per userôs requirement.  
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Abstractð In these types of presses, press-body is of C Shaped. When free space required from three sides of press table to work for 

loading and unloading of pressed component then this type of presses are designed. As main cylinder placed eccentric to central axis 

of press-body, it applies eccentric load on press-body hence heavier press body is required as compared to same capacity of other type 

of press. These types of presses are also called as single press.  

KeywordsðPress table,cylinder, Central axis, Press-body, heavier body.   

INTRODUCTION 

Sheet metal fabrication plays an important role in the metal manufacturing world (Cloutier, 2000). Sheet metal is used in the 

production of materials ranging from tools, to hinges, automobiles etc. Sheet metal fabrication ranges from deep drawing, stamping, 

forming, and hydro forming, to high-energy-rate forming (HERF) to create desired shapes (Cloutier, 2000). Fascinating and elegant 

shapes may be folded from a single plane sheet of material without stretching, tearing or cutting, if one incorporates curved folds into 

the design (Martin et al., 2008). Shape rolling of sheet metal is the bending continually of the piece along a linear axis. 

  

In Plate bending machine, the force generation, transmission and amplification are achieved using fluid under pressure. The liquid 

system exhibits the characteristics of a solid and provides a very positive and rigid medium of power transmission and amplification. 

In a simple application, a smaller piston transfers fluid under high pressure to a cylinder having a larger piston area, thus amplifying 

the force. There is easy transmissibility of large amount of energy with practically unlimited force amplification. It has also a very low 

inertia effect. 
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LITERATURE REVIEW  

Muni Prabaharan and V.Amarnath [1] Structural optimization tools and computer simulations have gained the paramount importance 

in industrial applications as a result of innovative designs, reduced weight and cost effective products. Especially, in aircraft and 

automobile industries, topology optimization has become an integral part of the product design process. In this project, topology 

optimization has been applied on various components of scrap baling press and 5Ton hydraulic press using NASTRAN 

WORKBENCH software. Suitable loads and constraints are applied on the initial design space of the components. An integrated 

approach has also been developed to verify the structural performance by using NASTRAN software. At the end, shape optimized 

design model is compared with the actual part that is being manufactured for the press. It is inferred that topology optimization results 

in a better and innovative product design. In this project, we showed 26.26 percent cost reduction in scrap baling press. And we 

fabricated 5ton hydraulic press with cost reduction of 24.54 percent. 

B.PARTHIBAN1 , P.EAZHUMALI 2 , S.KARTHI 2 , P.KALIMUTHU [2]A hydraulic press is a machine using a hydraulic cylinder 

to generate a compressive force. Frame and cylinder are the main components of the hydraulic press. In this project press frame and 

cylinder are designed by the design procedure. Press frame and cylinder are analyzed to improve its performance and quality for press 

working operation. Structural analysis has become an integral part of the product design. The frame and cylinder are modeled by using 

modeling software CATIA. Structural analysis has been applied on C frame hydraulic press structure and cylinder by using analysing 

software NASTRAN. An integrated approach has been developed to verify the structural performance and stress strain distributions 

are plotted by using NASTRAN software. According to the structural values the dimensions of the frame and cylinder are modified to 

perform the functions satisfactory. 

Ankit H Parmar, Kinnarraj P Zala, Ankit R Patel [3] The goal of structure optimization is to decrease total mass of hydraulic press 

while assuring adequate stiffness. Structural optimization tools and computer simulations have gained the paramount importance in 

industrial applications as a result of innovative designs, reduced weight and cost effective products. A method of structure 

optimization for hydraulic press is proposed in order to reduce mass while assuring adequate stiffness. Key geometric parameters of 

plates which have relatively larger impacts on mass and stiffness are extracted as design variables. In order to research relationship 

between stiffness, mass and design variables, common batch file is built by SOLIDWORKS and analysis is done in NASTRAN. Top 

plate, movable plate and column design and analysis done. 

IDENTIFIED GAPS IN THE LITERATURE 

 
In hydraulic press, the force generation, transmission and amplification are achieved using fluid under pressure. The liquid system 

exhibits the characteristics of a solid and provides a very positive and rigid medium of power transmission and amplification. In a 

simple application, a smaller piston transfers fluid under high pressure to a cylinder having a larger piston area, thus amplifying the 

force. There is easy transmissibility of large amount of energy with practically unlimited force amplification. It has also a very low 

inertia effect. Main objective of project is to modify major component of one cylinder four post hydraulic press so that rigidity and 

strength of the components are increase by using optimum material. The function of the major component like frame, bottom plate, 

bed, top box are to absorb forces, to provide precise slide guidance and to support the drive system and other auxiliary units. The 

structural design of the component depends on the pressing force this determines the required rigidity. The current machine does not 

have high rigidity and needs to be redesigned. 

 

CONCLUSION 

 
The aim of the project is to modify major component of one cylinder four post hydraulic plate bending machine so that the rigidity and 

strength of the machine is increased. 

 

REFERENCES: 

[1] Muni Prabaharan and V.Amarnath, ñStructural Optimization of 5Ton Hydraulic Press and Scrap Baling Press for Cost Reduction by 

TopologyòInternational Journal of Modeling and Optimization, Vol. 1, No. 3, Pg-185-190, August 2011 

[2] B.Parthiban, P.Eazumali, S.Karthi, P.Kalimuthu, ñDesign and analysis of c type hydraulic press structure and cylinderò 

International Journal Of Research In Aeronautical And Mechanical Engineering, Vol.2 Issue.3, March 2014. Pgs: 47-56. 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

191                                                                                                   www.ijergs.org   

[3] Ankit H Parmar, Kinnarraj P Zala, Ankit R Patel, ñDesign and Modification of Foremost Element of Hydraulic Press  Machineò 

International Journal of Advanced Scientific and Technical Research,Issue 4 volume 3, May-June 2014, ISSN 2249-9954,Pg. 

658-667. 

[4] WaqasSaleem, Fan Yuqing, Wang Yunqiao ñApplication of Topology Optimization and Manufacturing Simulations - A new 

trend in design of Aircraft componentsò, Proceedings of the International Multi Conference of Engineers and Computer Scientists 

2008 Vol II IMECS 2008, 19-21 March, 2008, Hong Kong. 

[5] Smith & Associates, ñHydraulic Pressesò,530 Hollywood Drive, Monroe, Michigan 48162-2943, Dec 1999.  

[6] Lars Krog, Alastair Tucker, GerritRollema, ñApplication of topology, sizing and shape optimization methods to optimal design of 

aircraft, componentsò, Airbus UK Ltd, Altair Engineering Ltd., 2002. 

[7] GerdSchuhmacher, Martin Stettner, Rainer Zotemantel, O. Owen.Leary, Markus Wagner, ñOptimization assisted structural design 

of a new military transport aircraftò, EADS Military Aircraft, Munich, Germany, 2004, [10th AIAA/ISSMO Multidisciplinary 

Analysis and Optimization Conference, Albany, New York] 

[8] M¿ller, O; Albers, A; Sauter, J; Allinger, P. ñTopology Optimization of Large Real World Structures, NAFEMS World Congress 

1999ò, 26.-28. April 1999, Newport (Rhode Island), USA. 

[9] MalachySumaila and AkiiOkonigbonAkaehomenIbhadode, ñDesign and Manufacture of a 30-ton Hydraulic PressòMechanical 

Engineering Department, Federal University of Technology Yola, Adamawa State, Nigeria, Jan 2011. 

[10] V. D. Lee, ñConfiguration Development Of A Hydraulic Press For Preloading the Toroidal Field Coils of the Compact Ignition 

Tokamakò, Fusion Engineering Design Canter and McDonnell Douglas Astronautics Company , 1998.  

[11] Bambhania, M.P. and Chauhan, H.N. (2013) óDesign & analysis of frame of 63 ton power press machine by using finite element 

methodô, Vol.3, pp.285-288. 

[12] Amarnath, V. and Muni prabaharan (2011) óStructural Optimization of 5Ton Hydraulic Press and Scrap Baling Press for Cost 
Reduction by Topologyô, Vol.1, pp.1-6. 

[13] Malachysumaila and AkiiokonigbonakaehomenIbhadode. (2011) óDesign and manufacture of a 30-ton hydraulic pressô, Vol.14, 

pp.196-200. 

[14] Drake, K.R. Fone, D. and Smith, T.W.P. (2012) óA simple hydraulic model for the hydrodynamic loading on a heaving horizontal 
cylinder with a small damage opening at its keelô, pp 15-19. 

[15] Bednarek, T. Jakubczak, H. Marczewska, I. Marczewski, A. Rojek, J. and Sosnowski, W. (2006) óPractical fatique analysis of 

hydraulic cylinder and some design recommendationsô, pp. 1739-1751. 

[16] Fulland, M. Kullmer, G. Richard, H.A and Sander, M. (2008) óAnalysis of fatigue crack propagation in the frame of a hydraulic 

pressô, pp. 892-900. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

192                                                                                                   www.ijergs.org   

Design and Analysis of M.S Roller in Sheet Metal Rolling Machine 

Pramod Vishwakarma
1
, Vaibhav Bankar

2 

M Tech Student, Department of Mechanical Engineeering ,VIT ,Nagpur.  

Assist.Prof, Department of Mechanical Engineeering, VIT Nagpur. 

pramodvishwakarma201@gmail.com 

vhbankar@gmail.com 

 

Abstract-Sheet metal rolling machine is a process of turning the  flat sheet metal of appropriate length into a desired curvature 

as the manufacturer wants or into a complete hollow cylinder.This metal rolling machine is used  largely in industry of 

pharmaceutical machine manufacturing company.Rolling machine has an application  in manufacturing of heat exchanger , 

pressure vessel,octagonal blender etc.The metal sheet is feed  continuously between upper lower and two lower roller.The lower 

roller revolve freely in the  circular hole at the both support end.The upper  roller is a adjustable roller which slide upward and 

downward direction normal to the roller.  In this project, the objective is to analyse the contact stress analysis on the end support  

of the rolling machine and the lifting force on handle of the rolling machine which result in slip due to the crushing stress. 

Keyword - Contact stress, Crushing stress ,Metal Rolling,Support end, Improved Strength,Reduce maintenance cost. 

1. INTRODUCTION  

Three roller sheet metal rolling machine is a process of converting metal  sheet of varying thickness into curve sheet at 

required circumference or into complete hollow cylinder at required radius. The factors on which the sheet metal rolling machine 

is designed includes maximum thickness  of  sheet to be used ,minimum and maximum diameter  of hollow sheet cylinder which 

the company want from rolling machine, 

The sheet metal rolling machine include several component:- 

Base- The base on the sheet metal rolling machine is formed by used standard channel of 80X100 on which the entire 

weight of the metal rolling machine is acted. 

Roller:-The metal rolling machine has two lower  roller and one upper roller between which the sheet metal is 

feeded.The material of the roller used in mild steel 

Support end:-The rolling has two a support end on both side of the roller.One support has a single complete assembly 

and the other end can be splited into two.The upper half support end can be removed completely so that the after the end 

of metal rolling process the hollow cylindrical sheet can be removed.The material of the support end is mild steel. 

Manually operated handle:- The handle of the roller carries the upper roller such that its can be  moved up and    down 

normal to the roller so that sheet feeding between  upper and lower lower roller can be done.V- threaded handle is used. 
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when the metal sheet is feed into the roller this causes vertical upward force acting on upward roller. This load causes a crushing stress 

in the teeth of the v-threaded handle. The upper and lower rollers have a support at both the ends, when the sheet passes between the 

rollers the support of rollers causes a frictional wear. Wear in friction material result in eccentric motion of  in rolling shaft. The more 

the wear, the  lead to dissatisfaction and disturbance in  the company  manufacturing process who need to send the machine for 

maintenance. 

2. LITERATURE REVIEW  

 
Ahmed Ktari :-In his paper he has done Modeling and computation of the three-roller bending process of steel sheets.This experiment 

consists of two-dimensional finite element model of this process was built under the Abaqus /Explicit environment based on the 

solution of several key techniques, such as contact boundary condition treatment,material property definition, meshing technique, and 

so on. 

Jong GyeShin:-In their paper he has done the experiment on Mechanics-Based Determination of the Center Roller Displacement in 

Three-Roll Bending for Smoothly Curved Rectangular Plates. The objective of this paper is to develop a logical procedure to 

determine the center roller displacement, in the three-roll bending process, which is required in the fabrication of curved rectangular 

plates with a desired curvature. 

 

M K Chudasama:-In their paper he has done the experiment on Analytical Model for Prediction of Force during 3-RollerMulti-pass 

Conica Bending. In this paper, the total deflection of the top roller required is divided in steps to get the multi pass bending 

 

M. B. Bassett, and W. Johnson :-In their paper, The bending of plate using a three rollpyramid type plate bending machine, J. strain 

Analysis Processmanual, maintenance manual, machine capacity chart and technical specification of rollingmachine, M/s Larsen& 

Toubro ltd,Hazira, Surat, India. 

Dr. C. C. Handaet. al :-This paper gives a review  and Discussed about the productivity analysis of manually and power operated 

sheet bending machine considering time required to complete one pipe, total expenditure required to manufacture one pipe, number of 

operators and labors required during both operations, etc. Limitations of the manually operated sheet bending process over power 

operated sheet bending machine is also discussed. 

 

P.G. Mehar:- In his M. Tech Thesis studied the manually operated and power operated sheet bending machine. Experimentations 

were conducted on sheet in order to measure actual no. of passes, time required to complete bending process etc. Also, productivity of 

sheet bending process is analyzed in depth. Design of various components of power operated sheet bending machine considering 

various theories of failure in elastic region and values for bending force, power required, spring back radius etc. for different 

diameters, thicknesses and width of sheet metal has been determined. 
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3. IDENTIFIED GAPS IN THE LITERATURE  

 

Normal practice of the roller bending still heavily depends upon the experience and skill of the operator, so the aim of 

this project, the objective is to analyses the frictional wear on the end support of the roller and the lifting force on handle of the 

rolling machine which result in slip due to bending force. 

4. PROBLEM FORMULATION  

 
¶ To study & simulate the frictional wear on the support of rolling shaft and thread of handle. 

¶ To compare static contact stress on various conditions. 

¶ To suggest the new material and change of thread design to overcome existing problem.  

¶ Fabrication of the change in design with minimum costing. 

 

5. CONCLUSION  

The new change in the design will reduce the crushing stress in the handle of the rolling machine on which the upper roller is mounted 

.The  addition in the change of material  will reduce the contact stress in the support end where the roller rolls which result in  

frictional wear.Thus,the rolling machine will have a less maintenance which will directly in reduce the  maintenance cost.   
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Abstract- Hybrid composites are those composites that are fabricated by combining different reinforcement materials to the 

combination of matrix material present in the reinforcement, sometimes may be filler or fibers or both. In the present study an effort is 

made to understand the behavior of different combination filler material to the epoxy resin matrix and test results are compared. The 

test results reveal that the hybrid composites with 2 different fiber materials and tungsten carbide as the filler material has  higher 

tensile strength and hardness when compared to the material with 3 fiber material and Silicon carbide as the filler material. On the 

other side the hybrid composites with 3 fibers and Silicon carbide as the filler material showed higher strength than hybrid composites 

with 2 fibers and tungsten carbide in case of flexural strength and impact strength. Same trend is followed for the cold treated 

specimen also. Irrespective the material combination the cold treatment has reduced the strength of the material for tensile, flexural 

and impact strength but hardness of the material found to be increasing 

Keywordsð Impact, Flexural, Hybrid, Filler, Composites, Hardness, 2fiber hybrid, 3 fiber hybrid 

INTRODUCTION 

It is known that the combinations of several different materials have enhanced the mechanical properties in composites. This has  led 

to the formation of Hybrid composites. The behavior of composites has improved characteristics than individual components or the 

composites with normal combination. The strength or performance of hybrid composites is always a sum of the strengths of individual 

components in which the weight due to their sum is compensated by their strength. The strength of one component can be used for 

overcoming the weakness of the other components. Hybrid composites have feather of less costly when compared to other composites 

with same strength and application. The different forms of hybrid composites are formed based on their combination. Metal matrix 

composites with different material combination and fiber are called metal matrix composites. With added fiber and filler material, they 

are called hybrid composites. In other different combination, the metal matrix composites are combined with 2 or more filler material 

to form hybrid composites.  In case of polymer matrix composites hybrid composites are formed by combining two different fibers 

with filler material as bi fiber hybrid polymer composites. When three different fiber materials are used as the reinforcement with 

filler material, it is called as tri fiber hybrid polymer composites. The hybrid composites can be classified based on their matrix 

material, fiber present and filler used in it.  

 

hybrid composites  

based on fiber 
material 

bi fber hybrid 
compsoites 

tri fber hybrid 
compsoites 

based on filler 
material 

single filler hybrid 
composites  

with bi fiber 
composites  

with tri fiber 
composites 

bi filler  hybrid 
compsoites 

with bi fiber 
composites  

with tri fiber 
composites  
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Generally composites are fabricated by using hand layup technique as it is most suitable and cheapest mode of fabrication and easily 

available. In this method the laminates are placed one above the other to obtain the desired thickness. The stacking sequence is 

sometimes varied in orientation so the strength in all direction remains same. In the present study the woven fabric is used as the 

reinforcement to bind the matrix, therefore the strength of the lamination in both directions is same. As the strength remains same in 

both directions the orientation angle need not be varied. The minimum required thickness of the hybrid composites can be obtained by 

just placing one laminate over the other in same order. The hybrid composites fabricated in present study are having fiber and matrix 

in the ratio of 60%: 40% of the weight ratio. The stacking sequence used for the two hybrid polymer composites fabricated in the 

present study is as follow for bi (two- fiber) hybrid composites the sequence is (G-A-G-A-G-A-G-A) where G- glass fiber and A is 

aramid fiber is used the reinforcement in of the laminates along with epoxy resin and tungsten carbide (WC) as the filler miller in 

proportion of (0, 5%, 7.5%&10) weight ratio. The other tri fiber hybrid composites the stacking order is (G-C-A-G-C-A-G-C-A) 

where C-carbon fiber is used the reinforcement in of the laminates along with epoxy resin and Silicon carbide (SiC) as the filler miller 

in proportion of (0, 5%, 7.5%&10) weight ratio.  

REMAINING CONTENTS 

Material testing 

The different material testing conducted for the materials fabricated are tensile test flexural or 3 point bending test, impact test, 

hardness test for the specimen at normal temperature and cold treated specimen( cold treatment was done for -30
0C  

for 24 hours).  

Tensile test  

Tensile test is conducted according to the ASTM standard D3039 with the dimension of 250mm of length, 25.4mm of width and 3mm 

thickness.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Material composition 

Tensile strength 

(MPa) 

Normal cold 

Aramid-G-E  

 
180.73 182.56 

5WC-Aramid-G-E  

 
196.26 199.35 

7.5WC-Aramid-G-E  

 
215.79 217.48 

10WC-Aramid-G-E  

 
220.36 222.89 

 

Material composition 

Tensile strength 

(MPa) 

Normal cold 

Aramid-G-carbon -E 

 

151.259 160.250 

5SiC-Aramid-G-carbon-E 

 

206.05 207.52 

7.5SiC-Aramid-G-carbon-E 

 

193.56 195.18 

10SiC-Aramid-G-carbon-E 181.2 183.466 
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Plots of tensile stress 

 

From comparison of tensile test result is evident that the tensile strength of the aramid glass fiber with tungsten carbide as the 

filler material shows increase in strength as the percentage of filler material increases.  10 % tungsten carbide filled aramid ïglass 

composite shows higher strength for both normal and cold treated specimen. In case of SiC carbide filled aramid-glass-carbon fiber 

polymer composites shows  increase in tensile strength up to 5% SiC. Any further increase in filler material, the strength found to be 

decreased but it was higher than the unfilled hybrid composites. When compared to both the hybrid polymer composites the glass ï 

aramid hybrid composite filled with tungsten carbide shows higher strength.  

Flexural Test or 3- Point Bending Test 

Flexural test is conducted according to the ASTM standard D790 of having the dimension of 125mm of length, 12.7mm of width and 

3.2mm thickness 
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Material Combination  

hybrid WC(cold)

hybrid (cold)

hybrid WC(normal )

hybrid(n0m)

 

Material composition 

Flexural  strength 

(MPa) 

Normal cold 

Aramid-G-E  

 
9.32 9.07 

5WC-Aramid-G-E  

 
11.76 11.16 

7.5WC-Aramid-G-E  

 
13.91 12.98 

10WC-Aramid-G-E  

 
15.73 15.25 

 

Material composition 

Flexural  strength 

(MPa) 

Normal cold 

Aramid-G-carbon -E 

 
10.2907 9.72 

5SiC-Aramid-G-carbon-E 

 

15.1074 11.43 

7.5SiC-Aramid-G-carbon-E 

 

12.36 10.24 

10SiC-Aramid-G-carbon-E 9.7707 8.6328 
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Plots of Flexural Stress 

 

From comparison of flexural test result is evident that the tensile strength of the aramid glass fiber with tungsten carbide as 

the filler material shows increase in its strength as the percentage of filler material increase and 10 % WC filled aramid ïglass 

composite shows higher strength for both normal and cold treated specimen. In case of SiC carbide filled aramid-glass-carbon fiber 

polymer composites show the increase in flexural strength up to 5% SiC filled and any further increase in filled material the strength 

found to be decreased but it was even lesser than the unfilled hybrid composites. The flexural strength of the composite material will 

increases with the increasing tungsten carbide quantity. The increasing of filler material should be stopped where the flexural strength 

of the composite material start to decreases. The flexural strength of the given composite material cannot withstand the large amount 

of the filler/resin mixture. A right percentage of the filler material is decided earlier to get the maximum flexural strength of the 

composite material. The cold treated specimen will lose their flexural quality due to the hardness of the material after the cold 

treatment. So the cold treatment in case of flexural strength is not recommended. 

Hardness Test  

 To determine the hardness of the composites Rockwell hardness tester was used for both normal and cold treated specimen. 

The dimension of the components tested was 25*25mm with 3 mm thickness it does not have any standard dimension for harness test 

for convenience it is chosen as 25*25mm  
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Material Combination  

hybrid WC(cold)

hybrid (cold)

hybrid WC(normal )

hybrid(n0m)

 

Material composition 

Hardness 

Normal cold 

Aramid-G-E  

 

59  62  

5WC-Aramid-G-E  

 

62  66  

7.5WC-Aramid-G-E  

 

65  68  

10WC-Aramid-G-E  

 

69  73  

 

Material composition 

Hardness  

Normal cold 

Aramid-G-carbon -E 

 

54 56 

5SiC-Aramid-G-carbon-E 

 

57 58 

7.5SiC-Aramid-G-carbon-E 

 

58 60 

10SiC-Aramid-G-carbon-E 60 62 
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Plots of hardness 

 

From comparison  of hardness of both the composition components it is found that with increase in filler material percentage 

the hardness of the components was found to be increased and the material filled with 10 % filler showed higher hardness both in case 

of normal and cold treated specimen. The cold treatment has enhanced the hardness of the material irrespective of the filler used. Also 

it is observed that cold treatment has increased the brittleness of the composites. This may also be the one of the factor for higher 

hardness of the cold treated specimen.  

Impact strength  

Impact test is conducted according to the ASTM standard D256 of having the dimension of 69mm of length, 12.7mm of width and 

3mm thickness 
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Material Combination  

hybrid WC(cold)

hybrid (cold)

hybrid WC(normal )

hybrid(n0m)

 

Material composition 

Hardness 

Normal cold 

Aramid-G-E  

 

2.5 2.35 

5WC-Aramid-G-E  

 

2.99 2.65 

7.5WC-Aramid-G-E  

 

3.85 3.56 

10WC-Aramid-G-E  

 

3.5 3.2 

 

Material composition 

Hardness  

Normal cold 

Aramid-G-carbon -E 

 

2.40 2.1 

5SiC-Aramid-G-carbon-E 

 

3.2 3.65 

7.5SiC-Aramid-G-carbon-E 

 

4.38 3.85 

10SiC-Aramid-G-carbon-E 3.5 2.8 
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From comparison of impact test of the given specimen shows the impact strength of the composites increased till 7.5% usage 

of filler material any further increase in the filer material has depleted the impact strength, for both normal and cold treated specimen. 

As compared to Aramid- glass fiber with WC, Aramid-glass and carbon fiber with SiC shows higher impact strength both in case of 

normal and cold treated specimens.  
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CONCLUSION 

From the above result it is confirmed that material with two fiber and tungsten carbide filler shows higher strength when 

compared with a polymer composites with 3 fiber and SiC carbide as the filler material. The cold treatment has degraded material 

strength in all the mechanical characteristics except the hardness. The bonding between the materials may be the reason for decrease 

in the strength. Cold treatment has increased only the hardness of the material. This may due to increased brittleness. The hybrid 

material with aramid-glass-carbon fibers filled with SiC has showed higher strength than hybrid material with aramid and glass fiber 

filled with WC. This may be due to the resistance of the fibers or may be due to incorporation of SiC filler material. 
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Abstract:  Thermal energy storage has gained increasing interest in past decade. While the storage of heat as sensible heat is 

established in many applications, the storage of heat as latent heat is not yet as wide spread. The storage of heat as latent heat using the 

phase change solid-liquid promises high storage density in small temperature range around the melting point. Due to its low cost, high 

storage capacity, and suitable melting temperature for applications, water is by far the most commonly used PCM for cooling 

applications. They range from cooling food and beverages to space cooling and process cooling. As a short survey shows, the globally 

installed storage capacity in large ice storage is quite significant. Application of other PCM have by far not reached a comparative 

market penetration. However, they promise better efficiency in many cooling as well as heating applications. To develop this 

potential, current R&D focuses, among other things, on improving the technical properties and performance of these PCM. 

Keywords: thermal energy storage, phase change materials (PCM), organic PCM, inorganic PCM, advantages, eutectics applications 

Introduction:   

Energy storage is a key issue to be addressed to allow intermittent energy sources, typically renewable sources, to match energy 

supply with demand. There are numerous storage technologies that are capable of storing energy in various forms including kinetic 

energy, chemical solutions, magnetic fields, or other novel approaches. PCM is substance with a high heat of fusion which, melting 

and solidifying at certain temperature, is capable of storing and releasing large amounts of energy. Heat is absorbed or released when 

the material changes from solid to liquid and vice versa. Phase change material or PCM have the capacity to store and release large 

amount of energy that energy is called latent heat. Each PCM has specific melting and crystallisation temperature and a specific latent 

heat storage capacity. 

PHASE CHANGE MATERIAL (PCM):  

Phase change materials are a class of material that use a phase transition to store energy. A phase transition occurs when a material 

changes from one state of matter to another without changing it chemical composition, for example from liquid to solid or from solid 

to gas. Although transitions involving gas have very large enthalpies of transition, containing a large mass of gas is very difficult, 

requiring expensive and potentially dangerous pressure vessels. Therefore almost all practical PCMs will have solid-liquid transition 

[1]. There are some materials that exhibit solid-solid transitions; these have a much lower enthalpy of transition. Solid-solid transition 

involve a change in the crystal structure of the material, for example iron changes from body-centred cubic to face-centred cubic at 

1185K[2]. Solid-solid transitions are advantageous from the perspective that they do not require containment the way solid-solid 

material do [3] [4]. 
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SELECTIO N CRITERIA OF PCM   

A good PCM must meet certain criteria and possess certain material characteristics. These have been listed in a number of reviews by 

various authors and they are summarised below:-[1] [5] [6] [7] [8] [9]  

A. Thermodynamic criteria:- 

1. The material should have a large enthalpy of transition, i.e. latent heat ȹH. 

2. Material should have a high heat capacity in both the liquid and solid phase. 

3. The PCMs should have an appropriate melting point. 

4. High thermal conductivity 

B. Kinetic criteria:- 

1. PCM should exhibits a small amount of super cooling, which occurs when a material fails to crystallize at its melting 

temperature. 

2. The crystal growth rate of the material must also be high. 

C. Other criteria:- 

3. PCM must have long term chemical stability. 

4. PCM should have be non- 

5. Corrosive. 

6. PCM should have be non-flammable and non-toxic. 

7. Cost of PCM must be low. 

8. PCM should not contain any rare element. 

9. Material should be eco-friendly. 

No single material can possibly fulfil all of these stringent requirements, and engineering solutions must be made to accommodate any 

shortfalls. 

TYPES OF PCM:- 

Largely through the work of Lane a few broad categories of potential PCMs were delineated [10] [11]. Lane sorted through tens of 

thousands of materials to find candidates that could be good PCMs. There are two main type that naturally form, inorganic and 

organic, which are broken up into several major subtypes. In the organic group there are metals, salts hydrates, water, and salts. 

Organic PCMs includes paraffin waxes, which are long chain hydrocarbons; fatty acids and esters; sugar alcohols; and other 

miscellaneous organic compounds. Additionally there are mixture of the above categories both in eutectic and non-eutectic mixture.  

ORGANIC PCMs:  

1. Paraffin 

Paraffin of type CnH2n+2 are a group of saturated hydrocarbons with very similar properties. Paraffin between C5 and C15 are liquids 

and the rest are waxy solids. Paraffin wax is one of the most popular organic heat storage PCM for commercial applications. It 

consists of a straight chain hydrocarbons having melting temperature between 23ºC and 67ºC [12].  Paraffin are available in large 

temperature range, Paraffin have no tendencies to super cool. Paraffin are chemically stable. Paraffin waxes show high heats of fusion. 

Paraffin waxes donôt segregate. Paraffin waxes are safe. Paraffin are non-corrosive. [12][13]         Paraffin has Low thermal 
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conductivity. High volume change between the solid and liquid phases. Commercial paraffin do not sharp exact melting point Paraffin 

are flammable. Pure paraffin are expensive. [12][13] 

2. Non-Paraffin:  

The non-paraffin organic are most numerous of the PCMs with highly varied properties. Non-paraffin organic PCMs are characterised 

by their varied properties. Each of these materials will have its own properties unlike the paraffinôs, which have very similar 

properties. Abhat et al [14], Buddhi and Sawhney [15] have conducted an extensive survey and recognised a number of esters, fatty 

acids, alcohols, and glycols suitable for thermal energy storage. These organic materials are subdivided into fatty acids and other non-

paraffin organic [13]. These materials are flammable and should not be exposed to excessively high temperature, flames or oxidizing 

agents. Following are some features of non-paraffin [13].Non-paraffin has High heat of fusion. Non-paraffin has Low thermal 

conductivity, Low flash points. Non-paraffin are Inflammable. Non-paraffin has Instability at high temperature. Varying level of 

toxicity. 

¶ Fatty acids 

General formula for all the fatty acid is given by CH3 (CH2)2n x COOH. Fatty acids have the same characteristic as paraffin and have 

high values of latent heat of fusion compared to paraffin. Fatty acids have the ability of many cycling of melting and freezing with no 

super cooling, and they are characterised by sharper phase temperature than technical grade paraffin. The major drawback of fatty 

acids is their high cost that is 2-2.5 times greater than that of the technical grade paraffin. Additionally they are mild corrosive. [13] 

INORGANIC PCMs: 

Inorganic phase change materials are classified as salt hydrates and metallic. These phase change materials do not supercool 

appreciably and their heats of fusion do not degrade with cycling. 

1) Salt hydrates 

Salt hydrates consist of a salt and water that combine in crystalline matrix when the material solidifies. There are many different salt 

hydrates having melting temperature ranges between 15ºC-117ºC. Salt hydrate are considered as the most important group of PCMs 

that have been studied for application in latent thermal energy storage system. [12] Salt hydrates has High latent heat of fusion per unit 

mass of volume (higher than paraffin) It has High thermal conductivity (compared to paraffin) And Have sharp phase change 

temperature. Salt hydrates has Small volume changes during melting. It has High availability And Low cost. Segregation is the 

formation of other hydrates or dehydrated salts that settle and reduce the volume that is available for thermal energy storage. Salt 

hydrate show super cooling because they are unable to start crystallization at the freezing temperature. This problem can be avoided 

by using nucleating agents. Salt hydrates causes corrosion in metal container, whereas metal containers are common containers used in 

thermal energy storage system. 

2) Metallic 

Metallic include the low melting metals and metal eutectics. Metallic have not been strongly studied as PCM for latent heat storage 

because of their heavy weights. For the applications that weight is not important issue while volume is an important parameter, 

metallic are attractive because of their high heat of fusion per unit volume. [13] Some features of these materials are: It has Low heat 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

206                                                                                                   www.ijergs.org   

of fusion per unit weight, High heat of fusion per unit volume and High thermal conductivity. Metallic has Low specific heat and 

relatively low vapour pressure. 

3) Eutectics 

The eutectic consist of two or more components where each of them melts and freezes congruently forming mixture of a component 

that crystals during crystallization process. Usually eutectic melt and freeze without segregation. During melting process, both 

components liquefy at the same without possibility of separation. 

ENERGY STORAGE: 

Thermal energy storage can have a positive impact in the form if increasing the reliability of the system, improving the functioning of 

the power plants and energy system, reducing energy purchase costs by shifting energy surplus from period of lower to period of 

higher demand. During day time when solar energy collection takes place and terminates with complete melting of the PCM, charging 

of the store does not terminate with complete melting of the PCM if the inlet fluid temperature is above the melt temperature, charging 

of sensible heat continues. Heat transfer fluid exit temperature is time dependent because the rate of the solidification of the PCM 

varies with time. This mode terminates with complete solidification of the PCM. Latent heat storage system have many advantages 

like large hear storage capacity in a unit volume and their isothermal behaviour during the charging and discharging process. Al -

Jandal and Sayigh [16] studied the thermal performance characteristics of a solar tube collector (STC) system with phase change 

storage analytically and experimentally. STC performance during charging is studied and it is concluded that fin structure are strongly 

affecting the melting process. Mehling et sl [17] concluded that placing PCM module at the top the water tank in TES (thermal energy 

storage) has given higher storage density and compensated the heat loss at the top surface by doing both numerical and experimental 

investigation. 

 APPLICATIONS OF PHASE CHANGE MATERIALS INCLUDE, BUT ARE NOT LIMITED TO:  

1. Thermal energy storage 

2. Conditioning of buildings, such as 'ice-storage' 

3. Cooling of heat and electrical engines 

4. Cooling: food, beverages, coffee, wine, milk products, green houses 

5. Medical applications: transportation of blood, operating tables, hot-cold therapies, treatment of birth asphyxia 

6. Human body cooling under bulky clothing or costumes. 

7. Waste heat recovery 

8. Off-peak power utilization: Heating hot water and Cooling 

9. Heat pump systems 

10. Passive storage in bioclimatic building/architecture (HDPE, paraffin) 

11. Smoothing exothermic temperature peaks in chemical reactions 

12. Solar power plants 

13. Spacecraft thermal systems 

14. Thermal comfort in vehicles 

15. Thermal protection of electronic devices 

16. Thermal protection of food: transport, hotel trade, ice-cream, etc. 
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17. Textiles used in clothing 

18. Computer cooling 

19. Turbine Inlet Chilling with thermal energy storage 

Telecom shelters in tropical regions. They protect the high-value equipment in the shelter by keeping the indoor air temperature below 

the maximum permissible by absorbing heat generated by power-hungry equipment such as a Base Station Subsystem. In case of a 

power failure to conventional cooling systems, PCMs minimize use of diesel generators, and this can translate into enormous savings 

across thousands of telecom sites in tropics. 

CONCLUSION:  

1. From the review it is seen that the energy stored time can be reduce with the use of phase change material 

2. It provide greater advantage towards meeting of energy storing needs, compactness and energy supply at constant temperature. 

3. The use of PCM is beneficial towards storing the waste heat with its low cost advantages. 
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An Intelligent System Control Using Speech Recognition 

Girish. S, Anooplal. K. S 

 

Abstractð Speech recognition technology has refashion the way people with disabilities to use computers. This raising technology 

accelerates more opportunities for medical prescriptions, education, employment etc. Speech recognition is an alternative to typing on 

a keyboard. Just talk to the computer and our words appear on the screen. The software has been developed to administer a fast 

approach of writing onto a computer and can help people with a variety of disabilities. It is useful for people with physically 

challenged who often find typing difficult, painful or impossible. Voice recognition software further help those who with spelling 

adversity, including dyslexic users, because recognized words are always correctly spelled. 

 Speech recognition technology helps people with disabilities to interact with computers more easily and support doctors to make 

prescription easily. Using this speech recognition we create a system which acts according to the voice commands given by the user. 

People with motor limitations, which cannot use a standard keyboard and mouse, can use their voices to navigate the computer and 

create documents. The technology is further convenient to people with learning disabilities that experience dilemma with spelling and 

writing. Some individuals with speech impairments may practice speech recognition as a therapeutic tool to progress vocal quality. 

Speech recognition technology has great potential to provide people with disabilities greater access to computers and a world of 

opportunities. 

Keywords ð Speech recognition; Intelligent System. 

INTRODUCTION 

Research in automatic speech recognition by machine has been done for almost five decades. It is worthwhile to briefly review 

some research highlights. The earliest attempts to devise systems for automatic speech recognition by machine were made in the 

1950s, when various researchers tried to exploit the fundamental ideas of acoustic-phonetics. In 1952, at Bell Laboratories, Davis, 

Biddulph and Balashek built a system for isolated digit recognition for a single speaker [1].  The system relied heavily on measuring 

spectral resonances during the vowel region of each digit. In an independent effort at RCA Laboratories in 1956, Olson and Belar tried 

to recognize 10 distinct syllables of a single talker, as embodied in 10 monosyllabic words [2]. 

The system again relied on spectral measurements (as provided by an analog filter bank) primarily during vowel regions. In 1959, 

at University College in England, Fry and Denes tried to build a phoneme recognizer to recognize four vowels and nine constants [3]. 

They used a spectrum analyzer and pattern matcher to make the recognition decision. A novel aspect of this research was the use of 

statistical information about allowable sequences of phonemes in English (a rudimentary form of language syntax) to improve overall 

phoneme accuracy for words consisting of two or more phonemes. Another effort of note in this period was the vowel recognizer of 

Forgie and Forgie, constructed at MIT Lincon Laboratories in 1959, in which 10 vowels embedded in a/b/-vowel-/t/ format were 

recognized in speaker independent manner [4]. Again a filter bank analyzer was used to provide spectral information, and a time 

varying estimate of the vocal tract resonances was made to decide which vowel was spoken. 

In the 1960s several fundamental ideas in speech recognition surfaced and were published. However, the decade started with 

several Japanese laboratories entering the recognition arena and building special purpose hardware as part of their systems. One early 

Japanese system, described by Suzuki and Nakata of the Radio Research Lab in Tokyo [5], was a hardware vowel recognizer. An 

elaborate filter bank spectrum analyzer was used along with logic that connected the outputs of each channel of the spectrum analyzer 

(in a weighted manner) to a vowel-decision circuit, and a majority decision logic scheme was used to choose the spoken vowel. 

Another hardware effort in Japan was the work of Sakai and Doshita of Kyoto University in 1962, who built a hardware phoneme 

recognizer [6]. A hardware speech segmented was used along with a zero crossing analysis of different regions of the spoken input to 

provide the recognition output. A third Japanese effort was the digit recognizer hardware of Nagata and coworkers at NEC 

Laboratories in 1963 [7]. This effort was perhaps most notable as the initial attempt at speech recognition at NEC and led to a long and 

highly productive research program. 

In the 1960s three key research projects were initiated that have had major implications on the research and development of 

speech recognition for the past 20 years. The first of these projects was the efforts of Martin and his colleagues at RCA Laboratories, 

beginning in the late 1960s, to develop realistic solutions to the problems associated with non-uniformity of time scales in speech 
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events. Martin developed a set of elementary Time-normalization methods, based on the ability to reliably detect speech starts and 

ends that significantly reduced the variability of the recognition scores [8]. Martin ultimately developed the method and founded one 

of the first companies, Threshold Technology, which built, marketed, and sold speech-recognition products, At about the same time in 

the Soviet Union, Vintsyuk proposed the use of dynamic programming methods for  time aligning a pair of speech utterances[9]. 

Although the essence of the concepts of  dynamic time warping, as well as rudimentary versions of the algorithms for connected word 

recognition, were embodied in Vintsyukôs work, it was largely unknown in the West and did not come to light until the early 1980s; 

this was long after  the more formal methods were proposed and implemented by others. A final achievement of note in the 1960s was 

the pioneering research of Reddy in the field of continuous speech recognition by dynamic tracking of phonemes [10], Reddyôs 

research eventually spawned a long and highly successful speech-recognition research program at Carnegie Mellon University (to 

which Reddy moved in the late 1960s) which, to this day, remains a world leader in continuous-speech-recognition systems.  

In the 1970s speech-recognition research achieved a number of significant milestones. First the area of isolated word or discrete 

utterance recognition become a viable and usable technology based on fundamental studies by Velichko and Zagoruyko in Russia [11], 

Sakoe and Chiba in Japan [12], and Itakura in the United States [13]. The Russian studies helped advance the use of pattern-

recognition ideas in speech recognition. The Japanese research showed how dynamic programming methods could be successfully 

applied; and Itakuraôs research showed how the ideas of linear predictive coding (LPC), which had already been successfully used in 

low-bit-rate speech coding, could be extended to speech recognition systems through the use of an appropriate distance measure based 

on LPC spectral parameters. Another milestone of the 1970s was the beginning of a longstanding, highly successful, group effort in 

large vocabulary speech recognition at IBM in which researchers studied three distinct tasks over a period of almost two decades, 

namely the New Raleigh language [14] for simple database queries, the laser patent text language [15] for transcribing laser patents, 

and the office correspondence task, called Tangora [16], for dictation of simple memos. Finally, at AT&T Bell Labs, reasearchers 

began a series of experiments aimed at making speech-recognition systems that were truly speaker independent [17]. To achieve this 

goal a wide range of sophisticated clustering algorithms were used to determine the number of distinct patterns required to represent 

all variations of different words across a wide user population. This research has been refined over a decade so that the techniques for 

creating speaker-independent patterns are now well understood and widely used. 

Just as isolated word recognition was a key focus of research in the 1970s, the problem of connected word recognition was a 

focus of research in the 1980s. Here the goal was to create a robust system capable of recognizing a fluently spoken string of words 

(e.g. Digits) based on matching a concatenated pattern of individual words. A wide variety of connected word-recognition algorithms 

were formulated and implemented, including the two-level dynamic programming approach of Sakoe at Nippon Electric Corporation 

(NEC) [18], the one-pass method of Bridle and Brown at Joint Speech Research Unit (JSRU) in England [19], the level building 

approach of Myers and Rabiners at Bell Labs [20], and the frame synchronous level building approach of Lee and Rabiner at Bell 

Labs [21]. Each of these ñoptimalò matching procedures had its own implementation advantages, which were exploited for a wide 

range of tasks Speech research in the 1980s was characterized by a shift in technology from template-based approaches to statistical 

modeling methods-especially the hidden Markov model approach [22, 23]. Although the methodology of  Hidden Markov Modeling 

(HMM) was well known and understood in a few laboratories (primarily IBM, Institute for Defense Analyses (IDA), and  Dragon 

Systems), it was not until widespread publications of the methods and theory of HMMs, in the mid-1980, that the technique became 

widely applied in virtually every speech-recognition research laboratory in the world. 

Another ñnewò technology that was reintroduced in the late 1980s was the idea of applying neural networks to problems in speech 

recognition. Neural networks were first introduced in the 1950s, but they did not prove useful initially because they had many 

practical problems. In the 1980s, however, a deeper understanding of the strengths and limitations of the technology was obtained, as 

well as the relationships of the technology to classical signal classification methods. Several new ways of implementing systems were 

also proposed [24, 25]. Finally, the 1980s was a decade in which a major impetus was given to large vocabulary, continuous-speech-

recognition systems by the Defense Advanced Research Projects Agency (DARPA) community, which sponsored a large research 

program aimed at achieving high word accuracy for 1000-words, continuous-speech-recognition, and database management task. 

Major research contributions resulted from efforts at CMU (Notably the well-known SPHINX system) [26], BBN with the BYBLOS 

system [27], Lincoln Labs [28], SRI [29], MIT [30], and AT&T Bell Labs. The DARPA program has continued into the 1990s, with 

emphasis shifting to natural language front ends to the recognizer, and the task shifting to retrieval of air travel information. At the 

same time, speech-recognition technology has been increasingly used within telephone networks to automate as well as enhance 

operator services.  
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SPEECH RECOGNITION  

The primary objective of this paper is to allow the user to interact with the computer through voice commands and let the user to 

control computer functions and dictate text by voice. For example, a person can scroll down the web page with a voice command, 

such as ñScroll downò control application functions, also performing various operations such as opening programs, web browser, 

notepad, search, documents, run, help, undo, etc. and also perform cut, copy and paste operations. Now doctors have to write 

prescription in capital letters so speech recognition supports doctors for medical prescription easily. More and more people with 

special needs are considering speech recognition as an alternate method for computer access because speech recognition products are 

more affordable and user-friendly than ever before and these applications needs less initial training than their predecessors and 

typically offers much improved accuracy. The system operations are to be performed according to the voice commands given by the 

user and it is created as an agent. This agent gets the voice commands from the user and performs the system functions. I.e. the agent 

acts as an interface between the user and the system. The commands which will be given by the user are separately stored in an xml 

file. This file helps the new user to understand the commands that he can execute in the system.   

 Speech recognition software has to be trained to recognize and understand the userôs voice. The user has to train the software by 

reading a selection of paragraphs to the computer. By analyzing the voice, the computer creates a unique voice file for that particular 

user. For successful voice recognition, an appropriate training of the system is necessary. For this purpose we have used the software 

tool SDK 5.1 which converts voice to text and also add a vocabulary to the system to match or correct spellings while reading. A 

speech-enabled application and an SR engine (speech recognition engine) do not directly communicate with each other-all 

communications are done by using SAPI (Speech Application Programming Interface). Controlling audio input, from a microphone, 

or from other sources, converting audio data in to a valid engine format, loading grammar files, resolving grammar imports and 

grammar editing, compiling standard SAPI XML grammar format, conversion of custom grammar formats, parsing semantic tags in 

results, sharing of recognition across multiple applications, marshaling between engine and applications are done by SAPI. SAPI also 

manage other aspects like feedback the results and other information to the application, storing audio and serializing results for later 

analysis. SAPI ensures that applications do not cause errors, prevents applications from calling the engine with invalid parameters and 

further dealing with crashing of applications. The SR engine Performs recognition, uses SAPI grammar interfaces, loads dictation, 

generates, recognition and other events to provide information to the application. 

FUNCTIONAL OVERVIEW 

Most speech recognition software arrives bundled with noise canceling microphone. Placing an appropriate and consistent 

positioning of the microphone is indispensable for good recognition. It is also helpful to adjust the audio levels before each session to 

accommodate for everyday fluctuation in environmental cacophony and divergence in microphone positioning. The sound card is a 

critical factor of a speech recognition system. Recognition problems may be the result of low quality sound card performance or 

incompatibility between the soundcard and the voice recognition software. Generally speech recognition programs contain a utility 

program that assesses the quality of the soundcard. If the computerôs soundcard is deficient, the intended user will need to get a 

vendor-approved soundcard. Voice recognition software vendors commonly provide a permitted list of soundcardôs with their 

technical specifications. Laptop computer noise may interfere with quality sound processing using a USB microphone, which bypasses 

the internal soundcard, may resolve this issue. 

Speak in a consistent level emphasis, speaking too vehemently or too tenderly makes it laborious for the computer to recognize 

what you've said. Practice a consistent rate, without speeding up and slowing down. Speak without pausing between words; a phrase is 

easier for the computer to interpret than just one word. For example, the computer has a hard time understanding phrases such as, 

"This (pause) is (pause) another (pause) example (pause) sentence". Start by working in a quiet environment so that the computer 

hears you instead of the sounds around you, and use a good quality microphone. Try to keep the microphone in the same position do 

not change once it is adjusted or use microphone head set. Train your computer to recognize your voice by reading clearly the 

prepared training text in the Voice Training Wizard. Additional training increases speech recognition accuracy. As you dictate, do not 

be anxious if you do not rapidly examine your words on the screen. Continue speaking and pause at the end of your thought. The 

computer will display the recognized text on the screen after it finishes processing your voice. Pronounce words clearly, but do not 

separate each syllable in a word. For example, sounding out each syllable in "e-nun-chi-ate," will make it harder for the computer to 

recognize what you've said. 

Our paper aims at creating an agent which acts as an interface between user and the system. The system operations are performed 

according to the voice commands given by the user. An agent is used in order to make the user aware of what commands he will be 
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giving. The commands which will be given by the user are separately stored in an xml file. Using this store of commands new user 

comes to know about the commands which he can execute in the system. Speech recognition software is ñspeaker dependent,ò which 

means that it must be trained to recognize and understand the userôs voice. The user trains the software by reading a selection of 

paragraphs to the computer and computer analyzes the voice data then creates a unique voice file for each particular user. Thorough 

training of the system is very important stage for successful voice recognition. Most speech recognition systems require the user to 

complete an initial training session so that the software can learn the userôs vocal style and speech patterns. However, additional 

training is usually necessary to improve recognition accuracy to a satisfactory level. Some people with disabilities require customized 

training, set up and technical support. There may be technical difficulties with the software or hardware. In the case of system failure, 

an alternative method should be readily available for use. Local voice recognition vendors may provide training and technical support 

packages for additional cost. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 1: General Approch of Speech Recognition. 
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xmlstickykeys, xmlabout, xmlalphabeticstate, and xmlnumericstate. XML schema describes the SAPI 5.0 SR Command and Control 

grammar format which is based on the XML framework. The schema is included in the speech grammar compiler tool (gramcomp.exe 

or gc.exe). We can use the SDK components and redistributable SAPI/engine run-time to build applications that incorporate speech 

recognition and speech synthesis. Using this speech recognition we create a system which acts according to the voice commands given 

by the user. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 2:Flow Chart. 

formAccuracychange.cs: This form allows setting the accuracy with which user should speak. This form contains labels like 
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program to list box from various locations. Save button is used to update code for added or deleted program. Close button is used to 

close this form. 

formCommands.cs: In this form the various commands for which this project works are included. Tree view of visual studio .NET 

to design this form. By this form user gets knowledge about commands which he can work with. 

formFavorites.cs: Whenever user gives the command ñform favoritesò this form will be loaded. This form allows user to know 

about various applications which can be opened with a single command. Here two list boxes namely program and phrase are used 

which contain the list of programs with corresponding phrases which can be opened. Here user can open any program specified in the 

list boxes with the corresponding phrase as the voice command. 

BIOGRAPHIES  
1.
 Mr. Girish. S received B. E. in Electronics & Communication Engineering from VTU, Belagavi and M.Tech Degree in Networking 

& Internet Engineering from JNNCE, Shimoga. He is currently working as Assistant Professor in Computer Science & Engineering 

Department at Sahyadri College of Engineering & Management Mangaluru, India-575007. Email ï giriait@gmail.com. 

2.
 Mr. Anooplal. K. S received B. E. Degree in Information Science & Engineering (ISE) from VTU, Belagavi and M.Tech Degree in 

Computer Science & Engineering (CSE) from Sahyadri College of Engineering & Management Mangaluru, India, affiliated to 

Visvesvaraya Technological University (VTU) Belgavi. Email ï anooplalks@gamil.com. 

CONCLUSION 

As an improving technology, not all developers are intimate with speech technology. While the essential accretions of this speech 

synthesis and speech recognition take only minutes to figure out, there are subtle and powerful capabilities provided by computerized 

speech. 

An effective speech application is one that uses speech to enhance a user's performance of task or enable an activity. Designing an 

application with speech in mind from the outset is a key success factor. In future it may replace the keyboard and other peripherals. 

Most importantly, speech technology does not consistently meet the immense assumptions of users familiar with formal human to 

human speech communication. Understanding the limitationsïas well as the strengths-is important for effective use of speech input 

and output in a user interface. So here we present in our project a provision for user to open various applications such as Microsoft 

Word, Microsoft Excel, and Notepad just by saying a word. We can also open calculator and perform various operations in it. 
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Abstract- In this paper we discuss prescribed design of a real time operating system. A real-time operating system provides a platform 

for the design and implementation of a wide range of applications in real-time systems, embedded systems, and mission-critical 

systems. The conceptual model of the real time operating system is introduced as the initial requirements for the system. Our main 

focus on this paper is to explain some fundamental processes of real time operating system like The CPU Scheduling Process, The 

System Initialization Process, The System Clock Process, and The System Event Capture Process in brief. 

 

Keywords: 

 

The Real Time Operating System, The CPU Scheduling Process, The Memory Management Process, The Device Management 

Process, The File Management Process, UPMS for process management in real time operating system,  UPMs for System 

Management in real time operating system. 

 

1. Introduction  

 

As we know that An operating system is a set of integrated system software that organizes, manages, and controls the resources 

and computing power of a computer or a computer network. It also provides users a logical interface for accessing the physical 

machine in order to run applications. A general-purpose operating system may be perceived as an agent between the hardware and 

resources of a computer and the applications and users. An operating system may be divided into three subsystems known as those of 

the kernel or system management, the resource management, and the process management The kernel of an operating system is a set 

of central components for computing, including CPU scheduling and process management. The resource management subsystem is a 

set of supporting functions for various system resources and user interfaces. The process management subsystem is a set of transition 

manipulation mechanisms for processes and threads interacting with the system kernel and resources.  

 

A real-time operating system (RTOS) is an operating system that supports and guarantees timely responses to external and 

internal events of real-time systems. An RTOS monitors, responds to, and controls an external environment, which is connected to the 

computer system through sensors, actuators, or other input-output (I/O) devices. In a real-time system in general and an RTOS in 

particular, the correctness of system behaviors depends not only on the logical results of computation but also on the time point at 

which the results are obtained. Real-time systems can be divided into hard and soft real-time systems. In the former, a failure to meet 

timing constraints will be of serious consequences, while in the latter, a timing failure may not significantly affect the functioning of 

the system. 

  

A great variety of real-time operating system has been developed in the last decades. The existing real-time operating system is 

characterized as target-machine-specific, implementation-dependent, and not formally modeled. Therefore, they are usually not 

portable as a generic real-time operating system to be seamlessly incorporated into real-time or embedded system implementations. 

Problems often faced by real-time operating system are CPU and tasks scheduling, time/event management, and resource 

management. Efficient and precise methodologies and notations for describing solutions to these problems are critical in RTOS design 

and implementation. Generally, real-time operating system requires multitasking, process threads, and a sufficient number of interrupt 

levels to deal with the random interrupt mechanisms in real-time systems. In modern real-time operating system, multitasking is a 

technique used for enabling multiple tasks to share a single processor. A thread is individual execution of a process in order to handle 

concurrent tasks. In addition, an interrupt is a request of an external device or internal process that causes the operating system to 

suspend the execution of a current low priority task, serve the interrupt, and hand control back to the interrupted process.  

This paper develops a comprehensive design paradigm of the formal real-time operating system in a top-down approach. In the 

remaining of this paper, there are five more sections. In Section 2, we provide a succinct thought about the CPU scheduling process. 

http://www.ijergs.org/
mailto:shweta.ohri@jagannath.org


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

217                                                                                                   www.ijergs.org   

Also, the memory management process, the device management process and the file management process are discussed in section 3, 4 

and 5.  Finally, conclusions and references are provided in Section 6 and 7. 

2. The CPU Scheduling Process  

CPU scheduling is the most inner kernel process of a real-time operating system to maximize CPU utilization. Real time 

operating system adopts multiprocess and multithread techniques to keep the CPU running different processes or threads of multiple 

processes on a time-sharing basis with a predetermined scheduling interval. The CPU scheduler selects which process in the ready 

queue should be run next based on a predefined scheduling algorithm or strategy. The CPU scheduler switches control of the CPU to 

the process selected for a certain time interval.  

 

In real-time operating system, every ten time-intervals (10ms) forms a cycle to run all ready processes in the ReadyQHST 

(maximum 6) and ReadyQLST (maximum 4) as specified in the design of the system control block SCBST. The CPU scheduler 

process of real-time operating system, CPUSchedulerPC, dispatches a maximum of ten processes in both ready queues ReadyQHST 

and ReadyQLST within a low interrupt period 10ms, where each of them will be dispatched for running for 1ms scheduled by the high 

interrupt period. In the peak CPU load period of real-time operating system, 6 tasks from ReadyQHST and 4 from ReadyQLST will be 

scheduled, respectively, in a series of ten 1ms time intervals. However, during low CPU load period, any combination of high/low 

tasks may be scheduled including a series of multiple threads of the same process. In case there is a current task in the CPU but no 

other task in the ReadyQHST and ReadyQLST, the currently scheduled task may continue to run for at least another 1ms interval until 

the statuses of the ready queues are changed. Except the above two special conditions, the current process will be swapped out of the 

CPU as a delayed process. Instead, a new qualified process in the front of ReadyQHST or ReadyQLST will be scheduled into CPU for 

running.  

3. The Memory Management Process  

Memory management is one of the key functions of operating systems because memory is both the working space and storage of 

data and files. real-time operating system adopts a flexible segmentation method for system memory management with variable sizes 

of memory blocks for different events and processes. MemoryManagementPC supports dynamic and absolute physical memory 

manipulations that are necessary for real-time operating systems and real-time applications.  

 

The process AllocateMemoryPC deals with dynamic memory allocations in real-time operating system. When a request for 

memory from a process is identified by the system, AllocateMemoryPC searches for a suitable sized memory block that is free. When 

a suitable memory block is identified by a given memory block number (MBN), AllocateMemoryPC sets its status as in-use.  

 

The process ReleaseMemoryPC deals with dynamic memory release requests of the system when a process terminates and the 

memory allocated to it is no longer required. ReleaseMemoryPC operates on the memory control block when it is invoked. It gets the 

memory block number associated to the process that requests to release the memory. Then, it sets the status of the given memory 

block to free.  

 

4. The Device Management Process  
 

Devices as well as their I/O ports are directly manipulated by the processes DeviceManagementPC in real-time operating system. 

DeviceManagementPC encompasses both GetDevicePC and ReleaseDevicePC processes. Additional plug-in device drivers may also 

be incorporated via the same interface mechanisms by the adding device and deleting device processes.  

 

The process GetDevicePC handles device allocations in real-time operating system. When a request for a device from a process is 

identified by the system, GetDevicePC searches for a suitable type of device that is free. When a suitable device is found, 

GetDevicePC sets its status as seized. Then, the associate process required the device is registered in the device control block. If there 

is no free and/or suitable device available in the system, a feedback status, &DeviceAllocatedBL:= F, will be generated.  

 

The process ReleaseDevicePC handles device release requests for the system when a process terminates the use of a device. Re-

leaseDevicePC operates on the device control block when it is invoked. It first gets the device number (DNN) to be released 

associated to the process. Then, it sets the status of the given device in DCBST as free and disconnects the link between the device and 

the previously associated process.  

5. The File Management Process  

On the basis of the architectural model of the file system FilesST, the behaviors of the file management subsystem of real-time 

operating system, FileManagementPC, are modeled by a set of 14 behavioral processes in the categories of file system administrations 

and file manipulations. .  

UPMS for Process Management in Real Time Operating System 
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A process is a basic unit of system function that represents an execution of a program on a computer under the support of an 

operating system. A process can be a system process or a user process. The former executes system code, and the latter runs an 

application. Processes may be executed sequentially or concurrently depending on the type of operating systems.  

 

A thread is an important concept of process management in operating systems. A thread is a basic unit of CPU utilization, or 

a flow of control within a process, supported by a PCBST, a program counter, a set of registers, and a stack. Conventional operating 

systems are single thread systems. Multithreaded systems enable a process to control a number of execution threads. The benefits of 

multithreaded operating system are responsiveness, resource sharing, implementation efficiency, and utilization of multiprocessor 

architectures of modern computers.  

 

According to the high level specifications of the static behaviors of real-time operating system, the process management 

subsystem of real-time operating system encompasses a set of nine task handling processes corresponding to the states of behavioral 

processes for the entire task lifecycle of process manipulating. 

The Static Behavioral Models of the Real Time Operating System 

According to the RTPA methodology, a static behavior is an encapsulated function of a given system that can be determined 

before run-time. On the basis of the system architecture specifications and with the UDMs of system architectural components 

developed in the preceding section, the operational components of the given real-time operating system system and their behaviors can 

be specified as a set of UPMs as behavioral processes operating on the UDMs.  

 

The basic functions of operating systems can be classified as system management, resources management, and processes manage-

ment. The high-level static behaviors of real-time operating system StaticBehaviorsPC, encompasses three process subsystems such as 

SystemManagementPC, ResourcesManagementPC, and ProcessesManagementPC in parallel.  

 

The following subsections describe how the real time operating system static behaviors in the three subsystems are modeled and 

refined using the denotation mathematical notations and methodologies of RTPA.  

UPMs for System Management in Real-Time Operating System 

According to the high level specifications of the static behaviors of real time operating system, the system management 

subsystem of real time operating system encompasses a set of five behavioral processes such as system initialization, system clock 

manipulation, system event capture, Device interrupt handling, and the CPU scheduler. 

6. Conclusion 

The design of real-time operating systems has been recognized as a comprehensive and complex system design paradigm in 

computing, software engineering, and information system design. This paper has demonstrated that the real time operating system 

(RTOS), including its architecture, static behaviors, and dynamic behaviors, can be essentially and sufficiently described by real time 

process algebra. On the basis of the formal specifications of real time process algebra (RTPA) by the coherent set of unified data 

models (UDMs) and unified process models (UPMs) in RTPA, the architectural and behavioral consistency and run-time integrity of 

an RTOS have been significantly enhanced. It has been identified that RTOS can be applied not only as a formal design paradigm of 

RTOSôs, but also a support framework for a wide range of applications in design and implementation of real-time and embedded 

systems. The RTOS model may have also provided a test bench for the expressive power and modeling.  

 

With a stepwise specification and refinement methodology for describing both system architectural and operational components, 

the formal model of the RTOS system has provided a foundation for implementation of a derived real-time operating system in mul-

tiple programming languages and on different operating platforms. It has also improved the controllability, reliability, maintainability, 

and quality of the design and implementation in real-time software engineering. The formal models of RTOS have been adopted as 

part of the supporting environment for the implementation of the RTPA-based software code generator (RTPA-CG). On the basis of 

the formal and rigorous models of the RTOS, code can be automatically generated by RTPA-CG or be manually transferred from the 

formal models.  

A series of formal design models of real-world and real-time applications in RTPA have been developed using RTPA notations 

and methodologies in the formal design engineering approach, such as the telephone switching system, the lift dispatching system, the 

automated teller machine (ATM), the real-time operating system, the air traffic control system, the railway dispatching system, and the 

intelligent traffic lights control system. Further studies have demonstrated that RTPA is not only useful as a generic notation and 
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methodology for software engineering, but also good at modeling human cognitive processes in cognitive informatics and 

computational intelligence as reported. 
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Abstractð The variance of atmospheric radio wave refractivities across the different vegetative climatic belts in Nigeria has been 

examined. Data abstracted from Weather API (Weather2), Yr. no and NIMET (Nigeria meteorological agency) websites has been 

analyzed. Generally, there was an increase in the average atmospheric radio wave refractivities as one confronts the coastline of the 

Atlantic Ocean and in the reverse, there was a decrease in the average atmospheric radio wave refractivities as one travels towards the 

borderline of the Sahara desert. This indicates that, gradually radio wave propagation worsens towards the Atlantic Ocean and 

reversely; step by step, the radio wave propagation betters towards the Sahara desert. The correlation between the average atmospheric 

radio wave refractivities and the perpendicular distances away from the coastline of the Atlantic Ocean was 0.84 with an approximate 

model of y = -0.125x + 388.9. Similarly, the correlation between the average atmospheric radio wave refractivities and the 

perpendicular distances away from the Sahara desert was 0.84 with an approximate model of y = 0.122x + 267.2. The correlations 

were not absolute because of the non-uniformity of the weather or climate patterns across the country. Reliefs and rivers account for 

some of the anomalies in the non-uniform trends. In addition, isotherms and isohyets in the weather map are non-linear and can cut 

across the vegetative climatic zones. By and large, results registered that the Sahel savannah will favour radio signal propagation 

through the troposphere better than any other belt and the mangrove was the least, but on the contrary, the mangrove will record better 

signal stability than any other belt and the Sahel savannah will register the least due to high variance in the weather pattern in the 

former than the latter belt. Finally, the dry will favour radio signal propagation through the troposphere better than the wet due to 

reduction in mean monthly relative humidities.    

  

Keywordsð   Variance, Atmospheric radio wave refractivity, Vegetative climatic belts, Savannah, Rainforest, Mangrove and Radio 

signal strength. 

INTRODUCTION 

      Radio wave is a member of the electromagnetic wave. It is an essential element required for communications. The range of their 

frequencies is from 300GHz to as low as 3Hz and their proportionate wave lengths span 1 millimeter to 100 kilometers [11]. The 

atmosphere is an indispensable channel for the propagation of radio waves, most especially communications that employ tropospheric 

propagation mode [9]. The condition of the atmosphere has a force on propagating radio waves through it. 

      Refractivity or refraction is the bending of electromagnetic waves away from a particular path due to difference in the composition 

of the medium(s) which they travel through [7]. The difference in medium(s) is observed as an obstacle, especially if the composition 

of the new medium(s) is denser. It alters the speed and direction of propagation of the radio wave.  

      In the atmosphere, radio wave refractivity is the variation of radio waves from a straight path as it propagates through the 

atmosphere due to variation in the density of air as a function of altitude [1] [5]. Radio wave refractivity in the atmosphere is due to 

the velocity of radio waves through air decreasing (or increasing) with increasing (or decreasing) density (this is, increasing or 

decreasing index of refraction) [6]. The afore-mentioned is true, since the index of atmospheric radio wave refractivity is the ratio of 

the speed of radio wave in free space to that of the radio wave in the atmosphere. The speed of the radio wave is a function of the 

density of the medium which it is travelling through [10]. 

      Without atmospheric radio wave refractivity, it will be near impossible for radio waves or signals to travel round the globe [9]. 

The atmosphere as a channel bends the radio wave back to the earth after being transmitted into space from an earth station. However, 

study has shown that refractivity has a negative force on radio waves together with the weather components [1]. 

     The weather of a place is the state of its atmosphere at a particular time [2], while the climate of a place is the general weather 

conditions prevailing in a place over a very long period [3]. Weather components, atmospheric pressure, temperature, humidity bear 

negatively on radio waves, invariably radio signals [1]. Also depending on the direction of wind, the atmosphere has an impact on 

radio waves. Mathematically, radio wave refractivity is a function of atmospheric pressure and temperature and relative humidity. 

      Nigeria is divided into several climatic belts depending on their vegetations. The vegetation of a place is a mirror of the state of the 

atmosphere of that place and invariably the weather or climate of that place. The different vegetative climatic belts in Nigeria are: 

Sahel savannah, Sudan savannah, Guinea savannah, Rainforest, Mangrove (freshwater and saltwater types) and Montane [4]. 
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      Nigeria falls on the tropical plate of Africa and lies between longitudes 4
0 
00ᾳ 00ᾳᾳ E and 14

0 
00ᾳ 00ᾳᾳ E and latitudes 3

0
 00ᾳ 00ᾳᾳ N 

and 14
0 
00ᾳ 00ᾳᾳ N respectively [4]: a location slightly above the equator. 

      The focus of this research narrows on the variance of the atmospheric radio wave refractivities across Nigeria; from the savannah 

belts to the rainforest belt, through to the mangrove belt and the relatively striking montane belts. Also, the relevance of the work is to 

establish the best belt(s) suitable for radio wave propagation and the worse. More so, it intends to probe and draw a verdict on which 

atmospheric or climatic conditions are favourable for radio wave propagation, since Nigeria has predominantly two seasons: the wet 

and the dry and both have characteristic different atmospheric conditions. 

 

A REVIEW OF THE CLIMATE OF SELECTED CITIES ON THE DIFFERENT VEGETATIVE CLIMATIC 

BELTS 
      In this research, data from eighteen cities (18) in Nigeria was analyzed. The cities are situated on different belts. The cities 

captured are: Kano, Maiduguri, Minna, Akure, Aba, Onitsha, Makurdi Abuja, Enugu, Calabar, Lagos, Jos, Sokoto, Obudu, Lokoja, 

Warri, Kaduna and Ibadan. Below is a review of the climates of the different cities. 

Kano ï This is a city formerly in the Sudan savannah but presently in the Sahel savannah in view of the Nigerian satellite images and 

global climatic changes due to undue warming of the globe. It is situated in longitude and latitude 8
0 
31ᾳ 0.12ᾳᾳ E and 12

0
 00ᾳ 00ᾳᾳ N 

respectively in Northern Nigeria [50]. Kano shows monthly average minimum and maximum humidities of 25.00 % in August and 

80.00 % in March respectively and an overall monthly mean humidity of 51.42 % [47]. Also, it shows monthly mean minimum and 

maximum temperatures of 71.60 
0
F in February and March and 89.60 

0
F in April with a gross monthly mean temperature of 79.40 

0
F 

[28].     

Maiduguri ï This is a city in the Sahel savannah. It is situated in longitude and latitude 13
0 
9ᾳ 35ᾳᾳ E and 11

0
 50ᾳ 42ᾳᾳ N respectively 

[48]. It is in the northern segment of Nigeria. It records monthly average minimum and maximum humidities of 28.00 % in March and 

82.00 % in August respectively and an overall monthly mean humidity of 53 % [46]. Also, it records monthly mean minimum and 

maximum temperatures of 71.60 
0
F in December and January and 90.50 

0
F in May with a gross monthly mean temperature of 81.05 

0
F 

[27].    

Abuja ï It is situated in the heart of Nigeria. It sits on the Guinea savannah belt with a longitude and latitude of 7
0 
10ᾳ 50ᾳᾳ E and 9

0
 10ᾳ 

32ᾳᾳ N in that order [51]. It shows monthly mean minimum and maximum humidities of 30.00 % in December and 84.00 % in July 

respectively and an overall monthly mean humidity of 60.50 % [41]. Also, it shows monthly mean minimum and maximum 

temperatures of 77.18 
0
F in July and 86.36 

0
F in March with a gross monthly mean temperature of 87.14 

0
F [13].     

Enugu ï It is situated in the east of the southern segment of Nigeria. The longitude and latitude of the city is 6
0 
26ᾳ 24.71ᾳᾳ E and 7

0
 29ᾳ 

39.47ᾳᾳ N in that order [62]. It is in the rainforest belt with a derived savannah and it is located on an escarpment in-between the Cross 

River basin and Benue trough [12]. Enugu registers monthly mean minimum and maximum humidities of 83.00 % in February and 

March and 92.00 % in August respectively and an overall monthly mean humidity of 86.75 % [31]. Also, it registers monthly mean 

minimum and maximum temperatures of 78.88 
0
F in August and 84.74 

0
F in March with a gross monthly mean temperature of 81.20 

0
F [16].   

Calabar ï This is a city in the shadow of the Atlantic Ocean. It is planted in the southern-most region of Nigeria with longitude and 

latitude of 8
0
 20ᾳ 49.92ᾳᾳ E and 4

0 
58ᾳ 33.67ᾳᾳ N in the sequence [60]. It is in the saltwater Mangrove belt. It shows monthly mean 

minimum and maximum humidities of 83.00 % in February and March and 92.00 % in August respectively and an overall monthly 

mean humidity of 86.75 % [32]. Also, it shows monthly mean minimum and maximum temperatures of 76.10 
0
F in August and 83.30 

0
F in February and with a gross monthly mean temperature of 80.27 

0
F [17].     

Lagos ï This is a city whose outstretched arm hugs the Atlantic Ocean. It stands on the west of southern Nigeria. Its longitude is 3
0 
23ᾳ 

44.98ᾳᾳ E with a latitude of 6
0
 27ᾳ 11.01ᾳᾳ N. It shares the saltwater Mangrove belt with other cities in the neighbourhood of the Atlantic 

Ocean [57]. It records monthly mean minimum and maximum humidities of 81.00 % in February and April and 88.00 % in June 

through October respectively and an overall monthly mean humidity of 84.83 % [37]. Also, it records monthly mean minimum and 

maximum temperatures of 77.18 
0
F in August and 83.30 

0
F in February and March with a gross monthly mean temperature of 80.25 

0
F 

[18].     

Jos ï It is a city in the Northern half of Nigeria. Even though it is located in the Guinea savannah area with a longitude of 8
0 
53ᾳ 31ᾳᾳ E 

and a latitude of 9
0
 55ᾳ 42ᾳᾳ N, it sits on the montane belt. It is embraced by mountains [61]. It registers monthly mean minimum and 

maximum humidities of 26.00 % in April and 72.00 % in August respectively and an overall monthly mean humidity of 40.80 % [43]. 

Also, it registers monthly mean minimum and maximum temperatures of 68.00 
0
F in January and 75.74 

0
F in April with a gross 

monthly mean temperature of 71.11 
0
F [14].     

Sokoto ï This is a city situated at the northern-most axis of Nigeria with a longitude of 5
0
 13ᾳ 53ᾳᾳ E and a latitude of 13

0 
3ᾳ 5ᾳᾳ N [49]. 

It is in the region just after the borderline of the Sahara desert and lies in the Sahel savannah belt. Sokoto shows monthly mean 

minimum and maximum humidities of 18.00 % in March and 69.00 % in September respectively and an overall monthly mean 

humidity of 40.67 % [45]. Also, it shows monthly mean minimum and maximum temperatures of 23.60 
0
F in January and 92.66 

0
F in 

May with a gross monthly mean temperature of 83.87 
0
F [29].    

Obudu ï She strikingly sits in the borderland of the Guinea savannah and Rainforest belts and stands on a montane belt. Her 

longitude and latitude are 9
0
 10ᾳ 0ᾳᾳ E and 6

0 
40ᾳ 0ᾳᾳ N in sequence [55]. It is located in the south-eastern region of Nigeria. Obudu 

records monthly mean minimum and maximum humidities of 57.00 % in February and 90.00 % in August respectively and an overall 
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monthly mean humidity of 72.82 %. Also, it records monthly mean minimum and maximum temperatures of 77.72 
0
F in August and 

82.20 
0
F in March with a gross monthly average temperature of 79.52 

0
F [23].     

Lokoja ï This city shores the confluence of the rivers Niger and Benue in the borderland of the North and South halves of Nigeria. It 

is in the Guinea savannah belt with longitude and latitude of 6
0
 44ᾳ 0ᾳᾳ E and 7

0 
48ᾳ 0ᾳᾳ N in that order. [53]. Lagos registers monthly 

mean minimum and maximum humidities of 49.00 % in January and 84.00 % in August and September respectively and an overall 

monthly mean humidity of 71.08 % [40]. Also, it registers monthly mean minimum and maximum temperatures of 78.62 
0
F in July 

and 84.74 
0
F in March with a gross monthly mean temperature of 81.02 

0
F [25].     

Warri ï This is a deltaic city, deep down south of Nigeria. Its longitude and latitude are respectively 5
0
 45ᾳ 0ᾳᾳ E and 5

0 
31ᾳ 0ᾳᾳ N. As a 

deltaic city, it shores so many freshwater rivers: hence it is classified as a Freshwater mangrove [59]. It shows monthly mean 

minimum and maximum humidities of 78.00 % in January and 86.00 % July through September respectively and an overall monthly 

mean humidity of 82.67 % [36]. Also, it shows monthly mean minimum and maximum temperatures of 77.90 
0
F in July and 83.30 in 

April and May 
0
F with a gross monthly mean temperature of 80.42 

0
F [24].     

Kaduna ï The city is located in the Sudan savannah belt in the north west of Nigeria. Its geographical coordinates are 7
0
 26ᾳ 25ᾳᾳ E 

and 10
0 
31ᾳ 23ᾳᾳ N [63]. Kaduna is located on the southern end of the high plains of Northern Nigeria [68]. It is made up of undulating 

plateau and hills [69]. Kaduna records monthly mean minimum and maximum humidities of 19.00 % in March and 72.00 % in August 

respectively and an overall monthly mean humidity of 40.08 % [44]. Also, it records monthly mean minimum and maximum 

temperatures of 76.82 
0
F in September and 86.36 

0
F in March with a gross monthly mean temperature of 40.08 

0
F [15].     

Ibadan ï It is a city in the western region of southern Nigeria with geographical coordinates of 3
0
 53ᾳ 48.9ᾳᾳ E and 7

0 
23ᾳ 16ᾳᾳ N [64]. It 

has a rainforest vegetation. It registers monthly mean minimum and maximum humidities of 70.00 % in February and 90.00 % in 

August respectively and an overall monthly mean humidity of 82.00 % [38]. Also, it registers monthly mean minimum and maximum 

temperatures of 75.00 
0
F in August and September and 80.00 

0
F in December and April with a gross monthly mean temperature of 

78.42 
0
F [20]. 

Minna ï It is situated in the northern segment of Nigeria. It is located on the Guinea savannah belt with longitude and latitude of 6
0 

33ᾳ 25ᾳᾳ E and 9
0
 36ᾳ 50ᾳᾳ N in that order [65]. It shows monthly mean minimum and maximum humidities of 15.00 % in February and 

82.00 % in August respectively and an overall monthly mean humidity of 46.00 % [42]. Also, it shows monthly mean minimum and 

maximum temperatures of 82.00 
0
F in August and 88.00 

0
F in March with a gross monthly mean temperature of 82.37 

0
F [26].     

Aba ï This is a city positioned in the south eastern sector of Nigeria. It is has longitude and latitude of 8
0
 10ᾳ 0ᾳᾳ E and 7

0 
21ᾳ 0ᾳᾳ N in 

the sequence [56]. It is in the rainforest belt. Aba records monthly mean minimum and maximum humidities of 83.00 % in February 

and March and 92.00 % in August respectively and an overall monthly mean humidity of 86.75 % similar to her neighbouring city, 

Calabar [33]. Also, it records monthly mean minimum and maximum temperatures of 77.90 
0
F in July and 82.40 

0
F in March and with 

a gross monthly mean temperature of 86.75 
0
F [21]. 

Akure ï It is a city in the western segment of southern Nigeria with geographical coordinates of 5
0
 12ᾳ 00ᾳᾳ E and 7

0 
15ᾳ 00ᾳᾳ N [58]. It 

has rainforest vegetation. Akure registers monthly mean minimum and maximum humidities of 84.00 % in August and September and 

49.00 % in January respectively and an overall monthly mean humidity of 70.50 % [35]. Also, it registers monthly mean minimum 

and maximum temperatures of 84.00 
0
F in August and 85.00 

0
F in March with a gross monthly mean temperature of 80.42 

0
F [19]. 

Makurdi ï This city embraces the river Benue and it is in the neighbourhood of the Northern and Southern borderline of Nigeria. It is 

in the Guinea savannah belt with longitude and latitude of 8
0
 32ᾳ 00ᾳᾳ E and 7

0 
44ᾳ 00ᾳᾳ N [52]. Makurdi shows monthly mean minimum 

and maximum humidities of 83.00 % in February and March and 92.00 % in August respectively and an overall monthly mean 

humidity of 86.75 % [39]. Also, it shows monthly mean minimum and maximum temperatures of 78.44 
0
F in December and 89.80 

0
F 

in March with a gross monthly mean temperature of 81.97 
0
F [30].  

Onitsha ï It is situated in the east of the southern sphere of Nigeria. The longitude and latitude of the city are 6
0 
47ᾳ 00ᾳᾳ E and 6

0
 10ᾳ 

00ᾳᾳ N in that order [54]. It is in the rainforest belt. Onitsha records monthly mean minimum and maximum humidities of 83.00 % in 

February and March and 92.00 % in August respectively and an overall monthly mean humidity of 86.75 % [34]. Also, it records 

monthly average minimum and maximum temperatures of 78.62 
0
F in July and 84.74 

0
F in March with a gross monthly mean 

temperature of 80.98 
0
F [22]. 
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Fig. 1 The locations of the various cities on their respective vegetative climatic belts. 

 

MATERIA LS AND METHODS 

      Relevant data for mean monthly weather parameters was accessed from Yr. no, Weather2 and NIMET (Nigeria Meteorological 

Agency) websites. The atmospheric radio wave refractivity was computed using the Eqn. 1 below [1]. 

ὔ ὑ ὖ  ЍὝ  ʑὌ                       (1) 

     Where K = Constant = 0.01064097915  

P = Atmospheric pressure in inHg 

   T = Atmospheric temperature in 
0
F 

H = Relative humidity in % 

N = Radio refractivity [(inHg)
2 0

F
1/2 

%
1/3 

] 

      The above formulation has an accuracy of 
+_5 in comparison with the existing International Telecommunication Union (ITU) 

expression for calculating Radio refractivity. The ITU expression may be used for all radio frequencies: for frequencies up to 100 

GHz, the error is less than 0.5 % [8]. 

 

RESULTS AND ANALYSIS 
The Figs. 2, 3, 4, 5, 6, 7, 8, 9, 10 show the comparison between the average monthly atmospheric radio wave refractivities of all 

cities; comparison between average monthly atmospheric radio wave refractivities of the cities in the wet; comparison between the 
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average monthly atmospheric radio wave refractivities of the cities in the dry; comparison between the average monthly 

atmospheric radio wave refractivities of the savannah cities; comparison between the average monthly atmospheric radio wave 

refractivities of the rainforest and mangrove cities; relationship between perpendicular distances away from the Atlantic Ocean and 

average atmospheric radio wave refractivities; line of best fit between perpendicular distances away from the Atlantic Ocean and 

average atmospheric radio wave refractivities; relationship between perpendicular distances away from the Sahara desert and 

average atmospheric radio wave refractivities and line of best fit between perpendicular distances away from the Sahara desert and 

average atmospheric radio wave refractivities respectively. The legend series of the cities in the figure below is in order of increasing 

magnitude of average atmospheric radio wave refractivity. 

 

Fig. 2: Comparison between the average monthly atmospheric radio wave refractivities of all cities 
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Fig. 3: Comparison between average monthly atmospheric radio wave refractivities of the cities in the wet 
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Fig. 4: Comparison between the average monthly atmospheric radio wave refractivities of the cities in the dry 

 

 

 

 
Fig. 5: Comparison between the average monthly atmospheric radio wave refractivities of the savannah cities 
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Fig. 6: Comparison between average monthly atmospheric radio wave refractivities of the rainforest and mangrove cities 

 

 
Fig. 7: Relationship between perpendicular distances away from the Atlantic Ocean and average atmospheric radio wave 
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Fig. 8: Line of best fit between perpendicular distances away from the Atlantic Ocean and average atmospheric radio wave 

refractivities 

 

 
Fig. 9: Relationship between perpendicular distances away from the Sahara desert and average atmospheric radio wave refractivities 
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Fig. 10: Line of best fit between perpendicular distances away from the Sahara desert and average atmospheric radio wave 

refractivities 

 

      In a peck order of increasing magnitude of average atmospheric radio wave refractivities, the cities are arranged thus: Jos, Kaduna, 

Sokoto, Minna, Kano, Maiduguri, Abuja, Obudu, Akure, Lokoja, Ibadan, Warri, Lagos, Aba, Calabar, Onitsha, Enugu and Makurdi. 

      In fig. 1, observe that the refractivities of the rainforest and mangrove cities are higher than those of the savannah cities with the 

exception of Makurdi. This is owing to the fact that the relative humidities of the former cities are very high compared to that of the 

latter cities. Even though the highest temperatures are registered in the savannah cities, it is counterbalanced by the lowest 

temperatures also registered there, since the monthly mean temperatures were considered. More so, relative humidity has a higher 

weight in deciding the magnitude of refractivity than the other two atmospheric parameters: temperature and pressure. Generally, the 

mean monthly atmospheric pressure on the average throughout the country was near even. Hence the atmospheric pressure contributed 

near negligible number in the differences read in the atmospheric radio wave refractivities above. The exception shown in Makurdi 

results from the fact that the city hugs the river Benue and in consequence, accounts for the near steady and high mean monthly 

relative humidities. Also, the city is in the Guinea Savannah, which accounts for high mean monthly temperatures that is brought to 

bear in radio wave refractivity. To buttress this, Lokoja also in the Guinea savannah has very high average atmospheric radio wave 

refractivity, consequent upon the fact that it is a town lying next to the confluence of the Benue and Niger rivers with higher mean 

monthly relative humidities than its counterpart cities in the Guinea savannah. However, Makurdi is further down south than Lokoja 

and is closer to the rainforest and Atlantic Ocean; in regard to their coordinates. This suggests the higher average atmospheric radio 

wave refractivity in the former than the latter, since its mean monthly relative humidities are higher.  

      In figs. 3 and 4, the refractivities of the rainforest and mangrove cities were to a vast degree stable, this due to fact that the mean 

monthly humidities and temperatures are relatively stable, unlike the savannah cities where high mean monthly humidities and 

temperatures are registered during the wet and in the contrary, very low mean monthly humidities and temperatures are recorded in the 

dry. Even though, the highest temperatures are registered in the savannah during the dry, on the average it is low because of the very 

low night temperatures. 

      Study has shown that atmospheric radio wave refractivity has a negative bearing on signals [1]. Hence, to a very large extent, 

propagations of signals are better in the northern sphere of Nigeria than the southern sphere for communications that employ the 

tropospheric propagation mode, since low refractivity favours propagation of radio waves through the atmosphere. 

      Also in figs. 3 and 4, notice that Jos recorded the least mean monthly atmospheric radio wave refractivity, both in the wet and dry 

in Nigeria. This entails that for tropospheric propagation mode, the best quality of signal propagation will be recorded here. Even 

though it sits in the Sudan savannah belt, its montane climates strikingly differentiates it from other cities on the selfsame belt. 

Throughout Nigeria, it records the lowest mean monthly temperatures and comparatively low mean monthly relative humidities: since 

on the average; the atmospheric pressure that has a minimal effect on atmospheric radio wave refractivity is near uniform in Nigeria. 

      More so in figs. 3 and 4, Makurdi registered the highest mean monthly atmospheric radio wave refractivity throughout the year 

followed by Enugu, this is both in the wet and dry. As earlier highlighted, Makurdi hugs the river Benue. This accounts for its high 

mean monthly humidities in comparison with other Guinea savannah cities but shows similar mean monthly temperatures with these 

sister cities in the Guinea savannah: hence the very higher mean monthly radio wave refractivities relative to its sisters. This cityôs 

higher average refractivity than those of the coastal cities of Atlanta is in regard to the comparable high mean monthly relative 

humidities with these Atlantic coastal cities, but distinctly higher mean monthly temperatures. Similarly Enugu shares similar mean 
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monthly relative humidities as her twin rainforest cities ï Ibadan and Akure, but differs in higher mean temperatures, since from its 

coordinates it is farther away from the Atlantic Ocean. Its climate is a hybrid of the rainforest and mangrove in view of mean monthly 

temperatures and mean monthly relative humidities respectively. This is true because, Calabar and Lagos that are in the shadow of the 

Atlantic Ocean, share similar mean monthly relative humidities as Enugu, but Enugu records a higher mean temperature than the 

aforementioned twin: Calabar and Lagos which equates to higher average atmospheric radio wave refractivity. The above weather 

pattern may be attributed to the fact that Enugu has a derived savannah, even though it is located in the rainforest and it lies at the foot 

of an escarpment of the Udi hill with a lake (Nike Lake) [12]. In communications wordings, this spells that Makurdi followed by 

Enugu will have the least propagation quality of signals for communication that utilize tropospheric propagation mode because a high 

refractivity bears negatively on radio wave propagation and invariably radio signals.  

     Strikingly, in fig. 5, Kaduna has the second lowest average atmospheric radio wave refractivity. This is because it is located in the 

borderland between the Sahel and Guinea savannah: that is in the Sudan savannah. Here, there is a characteristic lower mean monthly 

temperatures than the cities in the Sahel savannah, but shears similar temperatures with the Guinea savannah cities like Abuja. In other 

words, Kaduna has lower mean monthly relative humidities than that of its brothers in the Sudan savannah, but comparable to that of 

the Sahel savannah. In short words, its weather is a hybrid of the Sahel and Guinea savannah. This may be owed to the fact that 

Kaduna stands on the southern end of the high plains of northern Nigeria with a quasi-montane climate. It shares similar mean 

monthly relative humidities with Jos that posses a montane climate. That is, Kaduna and Jos sit on the same isohyets. 

      In fig. 5, Sokoto has the lowest average atmospheric radio wave refractivity and invariably the lowest mean monthly relative 

humidities and highest mean monthly temperatures in Nigeria. Even though, Sokoto, Kano and Maidugari are located on the same 

belt, the coordinates of Kano and Maiduguri show that these cities are farther away from the Sahara desert than Sokoto. Similarly the 

coordinates of Maiduguri show it is farther away from the Sahara desert than that of Kano. This is responsible for the higher average 

atmospheric radio wave refractivity registered in Maiduguri relative to its counterparts in the Sahel savannah,   since there is a gradual 

decrease in mean monthly temperatures and relative humidities as one drifts away from the Sahara desert. Also, the Maiduguri is close 

to the Lake Chad. This has a significant effect in the comparatively higher average relative humidities and consequently average 

atmospheric radio wave refractivity. This entails in communication that in the Sahel savannah, radio signals will propagate better as 

we move towards the Sahara desert due to decrease in humidity which favours radio wave propagation through the troposphere, even 

though there is are slight variations in temperatures. Recapitulating, relative humidity has a higher force in determining the weight of 

atmospheric radio wave refractivity.  

      Also, in fig. 5, Lokoja amongst the cities in the Savannah has the highest atmospheric radio wave refractivity because it is located 

close to a confluence. This accounts for its high mean monthly relative humidities and invariably high average atmospheric radio wave 

refractivity compared to the other cities in the savannah belt. It also has a stable refractivity to a very huge extent, unlike the other 

savannah cities which have varying refractivities with relatively very low refractivities during the dry and higher refractivities during 

the wet. Hence radio signal propagation quality will be worse where there is a huge water body since it has a bearing on its 

refractivity. Lokoja will impede radio signal through the atmosphere more than any other savannah city. Also notice that amongst the 

Sahel savannah cities, Maiduguri has higher mean monthly relative humidities in view of the fact that it sits close to the Lake chad as 

earlier accentuated.  

       In fig. 6, Lagos and Calabar have the highest atmospheric radio wave refractivities than Ibadan and Warri in the southern segment 

of Nigeria (that is, in the rainforest and mangrove). Calabarôs average refractivity is higher than that of Lagos by virtue of the fact that 

Calabar is further down the south into the Atlantic Ocean and in a sequel has a higher relative humidity than Lagos even though they 

shear similar mean monthly temperatures. Warri trails the twin cities mentioned above (Calabar and Lagos) because it is farther from 

the Atlantic Ocean, even though it is a deltaic city with many fresh waters, it has a lower mean relative humidity compared to the 

above duo: Lagos and Calabar. Ibadan trails Warri in the increasing peck order of average atmospheric radio wave refractivity because 

it is farther away from the Atlantic Ocean with lower mean monthly relative humidities, but with similar mean monthly temperatures 

compared to the cities in the rainforest and mangrove. In few words, there was a gradual increase in the refractivity of the cities in the 

rainforest and mangrove belts as one heads down the Atlantic Ocean with the exception of Enugu that has a higher temperature than 

the coastal cities but shares similar relative humidity with these coastal cities. In communications tune, signal will propagate better as 

you move away from the Atlantic Ocean in the rainforest and mangrove, because of the decrease in relative humidity as one heads 

away from the Ocean, even though there are slight variances in temperatures. 

      Also, in fig. 6, notice that Obudu has the least average atmospheric radio wave refractivity compared to the other cities in Southern 

Nigeria. Even though she stands in the Guinea savannah, she lies on a montane belt with strikingly low mean monthly temperatures 

compared to the other cities in the south but has comparative mean monthly relative humidities in the wet. Consequently in the 

southern cities (that is, cities in the rainforest and mangrove), signals will propagate far better than any other in Obudu through the 

atmosphere. 

      In fig. 7, generally; there is a gradual increase in the average atmospheric radio wave refractivity down the Atlantic Ocean coast. 

This means, there will be worse propagation of radio wave or signal through the atmosphere as one heads towards the Atlantic Ocean.  

      In fig. 8, the correlation between the perpendicular distances away from the coastline of the Atlantic Ocean and the average 

atmospheric radio wave refractivities is 0.84. The approximate model of average atmospheric radio wave refractivity away from the 

Atlantic Ocean coast is y = -0.125x + 388.9. The above correlation was not absolute because of the non-uniformity of the weather 

patterns across the country. The relief (mountains and hills) and rivers (very large water bodies) mainly is responsible for some of 

these anomalies: for example; Jos recorded the least average atmospheric radio wave refractivity in the North, while Obudu registered 
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the least in the South, by virtue of their montane climate. Also Lokoja and Makurdi registered the highest average radio wave 

refractivity in the Savannah by virtue of the large river bodies embracing them. Strikingly there was a shift in the pattern of the 

atmospheric radio wave refractivity in Kaduna and Enugu. Both cities are located in the Sudan savannah and Rainforest belts 

respectively. Kaduna shares similar mean monthly temperatures with cities in the Guinea savannah but has common relative humidity 

with Jos on a montane area in the Guinea savannah. Similarly Enugu shares the same monthly average temperatures with cities in the 

mangrove but records higher mean temperatures than those cities. Here also: isotherm and isohyets but not isobars (since mean 

monthly air pressure was near uniform in the country) were brought into consideration for the anomalies, because these lines are non-

linear and can cut across the vegetative climatic zones. This accounts as well for the deviation of the correlation from absoluteness. 

      In fig. 9, mostly; there was a gradual decrease in average atmospheric radio wave refractivities up the Sahara desert border. This 

entails that there will be better propagation of radio wave or signal through the atmosphere as one moves towards the Sahara desert. 

      In fig. 10, the correlation between the perpendicular distances away from the borderline of the Sahara desert and the average 

atmospheric radio wave refractivities is 0.83. The approximate model of average atmospheric radio wave refractivity away from the 

Sahara desert borderline is y = 0.122x + 267.2. The above correlation was not absolute because of the non-uniformity of the weather 

patterns across the country as earlier captured.  

 

CONCLUSION 
      Generally, there was an increase in the average atmospheric radio wave refractivities as one confronts the coastline of the Atlantic 

Ocean and in the reverse, there was a decrease in the average atmospheric radio wave refractivities as one heads towards the 

borderline of the Sahara desert. Hence radio wave propagation through the troposphere gradually worsens towards the Atlantic Ocean 

and reversely the radio wave propagation via the troposphere step by step, betters towards the Sahara desert.  

      The correlation between the perpendicular distances away from the coastline of the Atlantic Ocean and the average atmospheric 

radio wave refractivities is 0.84. The approximate model of average atmospheric radio wave refractivity away from the Atlantic Ocean 

coastline is y = -0.125x + 388.9: where y is the average atmospheric radio wave refractivity and x is the perpendicular distance away 

from the Atlantic Ocean coastline. Similarly, the correlation between the perpendicular distances away from the borderline of the 

Sahara desert and the average atmospheric radio wave refractivities is 0.84. Also, the approximate model of average atmospheric radio 

wave refractivity away from the Sahara desert borderline is y = 0.122x + 267.2: where y is the average atmospheric radio wave 

refractivity and x is the perpendicular distance away from the Sahara desert borderline. The above correlations were not absolute 

because of the non-uniformity of the weather or climate patterns across the country. The reliefs and rivers account for some of the 

anomalies in the non-uniform trend down the ocean coastline or up the desert borderline. In addition, isotherm and isohyets but not 

isobars were brought into consideration because these lines are non-linear and can cut across the vegetative climatic zones, for 

example is Enugu that sits in the rainforests, shares similar mean monthly temperatures as other cities in this belt; but has common 

mean monthly humidities with cities in the mangrove. Also, Kaduna shares similar mean monthly temperatures with cities in the 

Sudan savannah but has common mean monthly humidities as Jos in the Guinea savannah and a montane climate. 

      By and large, the most favourable belt for radio signal propagation through the troposphere is the Sahel savannah belt with low 

mean monthly relative humidities, while the least favourable belt for radio signal propagation through the troposphere is the Mangrove 

belt with very high mean monthly relative humidities, in view of the fact that, the variance in mean monthly temperatures between the 

two belts is not comparable to their relative humidities and the variance in the mean monthly atmospheric pressure is near uniform. A 

point of note is that: relative humidity bears more weight in the expression for calculating radio wave refractivity, seconded by 

atmospheric temperature and the least is the atmospheric pressure [1]. This is due to their ranges of variations. 

      With the exception of winds and may be rainfall that affect communications [66] [67], radio signal propagation through the 

troposphere in the Savanna will be less stable than the rainforest and mangrove owing to the fact that there is less variance in the 

atmospheric parameters, that is atmospheric temperature, pressure and humidity in the latter belts than the former belt. 

      Finally, radio signal propagation will generally propagate better throughout the country in the troposphere during the dry than the 

wet. This is on the account that the mean monthly relative humidities generally falls during the dry, but rises in the wet.    
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Abstractð Aluminium based metal composites have been developed due to its superior properties and performance. The aim of this 

study is to develop aluminium metal based composites with crystalline silica as reinforcement. Aluminium metal based composites 

with 5, 10, 15, 20, 30 Wt. % crystalline silica were developed through powder metallurgy techniques and characterized by XRD, 

EDX, Microstructure, and SEM. Physical properties like density, porosity and mechanical property like hardness have been observed. 

It has seen that addition of 30 Wt. % crystalline silica was able to increase the hardness nearly two times than pure aluminium. It has 

been observed density decreases while both apparent porosity and hardness increases with silica content. This study also involves the 

effect of adding silica particulates on corrosion behavior of Silica-Aluminium metal based composite in 3.5% NaCl solution at room 

temperature using polarization method at scan rate 3 mV/sec. The result obtained from the potentiodynamic polarization test shows 

that corrosion rate decreases due to increase of crystalline silica particulate on aluminium matrix. 

Keywordsð Aluminium matrix, Crystalline silica particulate, Powder metallurgy, XRD, EDX, Microstructure, SEM, Density, 

Porosity, Micro hardness, Corrosion. 

INTRODUCTION 

Modern technology requires materials with unusual combination of properties that could not be met by conventional metal alloys, 

ceramic and polymeric materials. In practice, metal matrix composites are preferred for greater strength, stiffness and low weight 

compared to metal and alloys [1-4] and can withstand higher temperature than polymer matrix composites. Metal matrix also exhibit 

good fracture toughness. In metal matrix composite (MMC), fibrous or particulate phase is distributed in metal matrix. Metal matrix 

composite reinforced with ceramic particulate have shown improved sliding wear resistance [5, 6]. 

 

Aluminium based metal composite is preferable and widely used as a substitute material in transport sector especially in aerospace, 

aeronautics and automobile applications for making engine parts due to its good casting abilities, high corrosion resistance, low 

thermal expansion, wear resistant, and low density [7-11]. 

 

On the other hands low strength and low melting point are the problems for using pure aluminium and its alloys [12]. These 

problems can be solved by reinforcing SiO2, Al2O3, SiC in whiskers or particulate form in aluminium matrix [12]. The reinforcing 

phase is selected depending on the application of developed material and compatibility between matrix and second phase. Load 

transfer capability between matrix and reinforcement depends on the matrix composition, the nature of the reinforcement, the 

fabrication method, and the sintering temperature of the composite. Strong interface protect crack propagation across both matrix and 

second phase. SiC, Al2O3,TiC, Ti-Aluminide, B4C, Si are the commonly used particulates for reinforcement on aluminium based metal 

matrix [7, 13-18] but the use of silica as reinforcement on pure aluminium matrix is rare.  

 This paper describes about the development methods of Silica-Aluminium metal based composite and various physical, 

mechanical, and also chemical property in various environment. 

EXPERIMENTAL PROCEDURE 

2.1 Development of Silica-Aluminium Metal Based Composite by Powder Metallurgy Technique 

 

       The matrix material used in the present study was aluminium powder (99.7 %) and crystalline silica (SiO2) powder, obtained from 

natural sand. Crystalline silica was prepared with heating natural sand at 1150
0
C for one hour in muffle furnace at open atmosphere. 

Mixture of silica-aluminium powder with composition of 0%, 5%, 10%, 15%, 20%, and 30% crystalline silica (based on Wt. % of 

SiO2) were mixed in hand driven ceramic bowls with ceramic pressing hammer until very fine powder was produced, mesh size -200 
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µm. Then the compact powder was pressed and sintered at 600
0
C for 1 hour duration using hot press. Figure 1 shows the step wise 

development of silica-aluminium metal matrix composite. 

                                                                                                                                                    

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Flowchart for development of crystalline silica-aluminium metal based composite 

2.2 Testing and Characterization  

2.2.1 XRD Analysis 

X-ray diffraction (XRD) patterns were obtained for silica-aluminium composites using Rigaku Ultima III analytical 

difractometer (with Cu-KŬ radiation, ɚ = 1.54059 ¡) at 40 kV and 30 mA. Intensity (% abundance) data were recorded by the step-

counting method (step 0.05 and a time per step of 0.6 second) between 10ę and 80ę (2ɗ) for each sample. Various phases were 

identified by comparing with standard JCPDS files.  

2.2.2 Microstructure 

For observing microstructure the surfaces were mirror polished by the emery paper 1/0 and 2/0 grade and then wheel cloth. 

After polishing, the samples were etched by Kellerôs solution and microstructures were observed at 20 X magnification by LEICA 

Optical Microscopy model no DM-2700M Image Analyzer. 

 2.2.4 SEM/EDX Analysis 

SEM/EDX was carried out for each sample using JEOL MAKE SEM model JSM 6360, operated by PCSEM software. 

2.2.5 Density and Apparent Porosity Measurement 

Weight and dimension were measured for each sample to determine the density of the final composite product. Apparent 

Porosity was measured by the universal porosity measurement technique.  
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2.2.6 Micro-hardness  

Micro-hardness survey was carried out on the same metallographic specimen of bead ïonï plate sample at different positions 

by using 100 gf loads with 10 sec dwell time. The hardness was taken simultaneously in three different positions and finally averages 

them for more accuracy using Leco Micro Hardness tester (Model LM248SAT). 

3. RESULTS AND DISCURSION 

3.1 XRD Analysis 

 

Fig. 2. XRD of 20 Wt. % crystalline silica-aluminium blended powder  

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

239                                                                                                   www.ijergs.org   

 

Fig. 3. XRD of 20 Wt. % crystalline silica-aluminium composite  

 

XRD analysis before sintering was conducted for checking the purity of the crystalline silica- aluminium compact powder as 

crystalline silica was obtained from natural sand. Figure 2 and 3 shows the presence of only crystalline silica and aluminium before 

and after sintering. 

3.2 Microstructure 

                                                        

Fig. 4. Microstructure by optical microscopy at 20X magnification for (a) 5 Wt. % and (b) 10 Wt. % crystalline silica-aluminium 

composite 

In figure 4, black portion indicates silica particles and white portion indicates aluminium matrix. Crystalline silica 

particulates are well distributed throughout entire aluminium matrix. 

4.3 EDX Analysis 
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(a)                                                                                                            (b) 

Fig. 5. EDX Analysis (a) EDX analysis (b) MAPPING on EDX 

From EDX, there was 82.04 Wt. % Aluminium, shown by the highest peak in figure 5 (a). Corresponding mapping of EDX is 

shown in figure 5 (b) where red indicates aluminium (Al), green indicates silicon (Si) and white indicates oxygen (O). Actually, EDX 

analysis after sintering was done for known the elemental composition of the developed composite after sintering, precisely for 

understanding more clearly about the reaction between aluminium matrix and crystalline silica particulates. Result shows that there 

was no other element produced other than Si, O, and Al.  

4.4 SEM Analysis 

                       

Fig. 6. SEM image of 20 Wt. % crystalline silica-aluminium composite (a) distributions of silica on aluminium matrix, (b) interface 

between silica particulates and aluminium matrix 
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Fig. 7. SEM image of 20 Wt. % crystalline silica-aluminium composite (a) distributions of silica on aluminium matrix, (b) interface 

between silica particulates and aluminium matrix 

SEM analysis was carried out to identify morphology, distribution of crystalline silica particulate in aluminium matrix and 

bonding quality between ceramic and metal matrix. Figure 6 (b) and 7 (b) shows the interface and bonding between aluminium matrix 

and crystalline silica particulate which indicates that crystalline silica particulate in aluminium matrix reduce the mobility of 

aluminium grain boundaries and better adhesion between matrix and reinforcement. 

4.5 Density Measurement 

     

(a)                                                                                                        (b)                                                                   

Fig. 8. Density- (a) individual density, (b) Variation of density due to increment of crystalline silica 

Figure 8 shows that density, hence weight of the composite material, decreases with increment of crystalline silica 

particulates in aluminium matrix.  

4.6 Apparent Porosity 
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Fig. 9. Variation of apparent porosity due to increment of silica 

Figure 9 implies that porosity is very low and vary only 0.2173% to 0.2857 % which is slightly increased due to increment of 

crystalline silica. 

4.7 Hardness 

 

 

Fig.-10, Variation of hardness due to increment of crystalline silica 

Figure 10 suggest that hardness values were increased gradually with increment of crystalline silica particulates in aluminium 

matrix. The maximum hardness value observed based on Vickers micro hardness was 749.8 MPa for 30 Wt. % of crystalline silica 

particulate addition while pure aluminium shows hardness value 386.4 MPa. 

4.8 Potentiodynamic polarization 
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Fig. 11. Potentiodynamic polarization of pure aluminium in sea water solution 

 

 

Fig. 12, Potentiodynamic polarization after adding 20 Wt. % silica particulates on aluminium matrix in sea water solution 

 

Figure 13, Potentiodynamic polarization after adding 30 Wt. % silica particulates on aluminium matrix in sea water solution 

Figure 11 represents the potentiodynamic polarization for pure aluminium in 3.5% NaCl solution. After addition of 20 Wt. % and 

30 Wt. % crystalline silica particulates on aluminium matrix, potentiodynamic polarization changes as shown in figure 12 and figure 
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13 respectively, in seawater solution. The corrosion current density icorr for pure aluminium is 0.0017 A/cm
2 
while after addition of 20 

Wt. % and 30 Wt. % crystalline silica particulates, icorr changes from 0.0005 A/cm
2
 to 0.00045A/cm

2
. Clearly corrosion current density 

icorr, hence corrosion rate, decreases with increasing weight percent addition of silica particulates on aluminium matrix. This result 

shows the role of crystalline silica particulates on aluminium matrix to increase corrosion resistance with covering the anodic sites and 

enhancing the passivity of surface and finally reduces the dissolution of aluminum; hence increase the life span of the material.  

 

CONCLUSION 

The significant conclusions of the studies on crystalline silica- aluminium composites are as follows: 

ü Crystalline silica-aluminium composites were developed successfully using powder metallurgy technique.  

ü The experiments showed that an extruded mixture of crystalline silica and commercial powder aluminium heated at 

600
0
C for one hour using hot press promote no reaction between matrix and reinforcement.  

ü Morphology obtained from optical microscope and SEM was found to the uniform distribution of crystalline silica 

in aluminium matrix.  

ü The density of crystalline silica-aluminium composites were decreased slightly with the increased of silica content. 

Soft aluminium matrix reinforcement with crystalline silica particles, were able to improve mechanical property like 

Vickers micro-hardness significantly with the increment of crystalline silica content. 

ü Corrosion resistance, more accurately pitting corrosion of silica-aluminium composite was enhanced in sea water 

environment with the addition of crystalline silica particulates in aluminium matrix.  
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Abstract - The security of multimedia becomes more important, since multimedia data are transmitted over open networks more 

frequently. In this modern world, hidden information concept are very important and play a significant role to reducing the space in 

the memory as well as on disk drives. Compression of the encrypted information has taken more attention due to security reasons from 

last few years. If encryption and compression of the information works properly then it results to high speed computation. According 

to practical scenario encryption should be performed before the compression of information. Because unencrypted information have 

more chances of stealing. And now a dayôs data hacker becomes too intelligent to break the encrypted images to get the original 

contents, so many systems are designed to combine the encryption and compression in single module to provide greater security. 

Therefore we have proposed system where encryption is done prior to the image compression by random permutation method and 

after that we can efficiently compress the encrypted image. In this paper, we study a new approach is named as ECNHCDSWT 

(Encryption-Compression using New Haar and Coiflet with Symlet and Daubchies wavelet transform). 

 

Keywords ïEncryption, Compression, ETC, Haar, Coiflet, Symlet, Daubchies, CR, MSE, PSNR.  

 

1.   INTRODUCTION  

The security of multimedia becomes more important, since multimedia data are transmitted over open networks more frequently. 

Typically, reliable security is necessary to content protection of digital images and videos [2]. Encryption and compression schemes 

for multimedia data need to be specifically designed to protect multimedia content and fulfill the security requirements for a particular 

multimedia application. Image Encryption means that convert an image to unreadable format so that it can be transmitted over the 

network safely. Image Decryption means to convert the unreadable format of an image to original image. This is used to protect the 

secrets of corporate as well as governmentôs offices. [1]. 

Compression: It is done in order to save storage space or transmission time. The purpose of compression is reduction in size. The main 

objective behind compressing an image is to reduce the unimportant and redundant data, so as to store or transmit data in more 

efficient way. The applications of data compression in diverse areas re as follows: 

¶ Satellite imagery 

¶ Mini discs 

¶ MP3technology 

¶ Modems 

¶ Digital cameras 

¶ Database Design 

¶ Storage and transmission of data 

¶ Distributing Software  

¶ Data Transmission  

Image compression addresses the problem of reducing the amount of data required to represent a digital image. It is a process intended 

to yield a compact representation of an image, thereby reducing the image storage/transmission requirements [3]. Compression is 

achieved by the removal of one or more of the three basic data redundancies:  

¶ Coding Redundancy  

¶ Interpixel Redundancy  

¶ Psychovisual Redundancy  

The image compression techniques are broadly classified into two categories depending whether or not an exact replica of the original 

image could be reconstructed using the compressed image.  

These are:  

¶ Lossless technique   

¶ Lossy technique 

 

Lossless compression technique 

In lossless compression techniques, the original image can be perfectly recovered from the compressed (encoded) image. These are 

also called noiseless since they do not add noise to the signal (image). It is also known as entropy coding since it use 
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statistics/decomposition techniques to eliminate/minimize redundancy. Lossless compression is used only for a few applications with 

stringent requirements such as medical imaging.  

 

Lossy compression technique 
Lossy schemes provide much higher compression ratio than lossless schemes. Lossy schemes are widely used since the quality of the 

reconstructed images is adequate for most applications .By this scheme, the decompressed image is not identical to the original image, 

but reasonably close to it.  

 

  

                                Alice                                                         Bob   

                                                                       Charlie                                                                                                                  

Fig. 1. Encryption-Then-Compression System 

 

2.   WAVELET  
A mathematical function which cut up data into different frequency components, and then study each component with a resolution 

matched to its scale is known as Wavelet. In analyzing physical situations where the signal contains discontinuities and sharp spikes. 

Wavelet method has many advantages over the traditional Fourier methods. These are the functions which satisfy certain mathematical 

requirements and are used in representing data or other functions. This idea is not new; since the early 1800's, approximation using 

superposition of functions has existed when Joseph Fourier discovered that he could superpose sines and cosines to represent other 

functions. However, in wavelet analysis, the scale that we use to look at data plays a special role. At a determination interpreted 

information can then be sorted which matches its scale. The procedure of wavelet analysis is to adopt a wavelet prototype function, 

known as an analyzing wavelet or mother wavelet. There are two types of analysis i.e. temporal analysis and frequency analysis. 

Temporal analysis is performed with a contracted, high-frequency version of the prototype wavelet, whereas frequency analysis is 

performed with a dilated, low-frequency version of the same wavelet. 

 

2.1  Discrete Haar Wavelet Transform (DHWT) 

An outstanding property of the Haar functions is that except function Haar (0, t), the i
th
 Haar function can be generated by the 

restriction of the (j ī 1)
th
 function to be half of the interval where it is different from zero, by multiplication with ã2 and scaling over 

the interval [0, 1]. These properties give considerable interest of the Haar function, since they closely relate them to the wavelet 

theory. In this setting, the first two Haar functions are called the global functions, while all the others are denoted as the local 

functions. Hence, the Haar function, which is an odd rectangular pulse pair, is the simplest and oldest wavelet. The motivation for 

using the discrete wavelet transform is to obtain information that is more discriminating by providing a different resolution at different 

parts of the timeïfrequency plane. The wavelet transforms allow the partitioning of the time-frequency domain into non-uniform tiles 

in connection with the timeïspectral contents of the signal. The wavelet methods are strongly connected with classical basis of the 

Haar functions; scaling and dilation of a basic wavelet can generate the basis Haar functions.                                               

 
Fig. 2. Haar function on real line [2] 
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The Haar wavelet operates on data by calculating the sums and differences of adjacent elements. The Haar wavelet operates first on 

adjacent horizontal elements and then on adjacent vertical elements. Then it operated transformation coding and then encoding steps 

take place. For the retrieval of original image inverse process needs to follow so that the reconstruction of image can take place. 

 

2.2  Coiflet Wavelet 

Coiflets are discrete wavelets designed by Ingrid Daubchies, at the request of Ronald Coifman, to have scaling functions with 

vanishing moments. The wavelet is near symmetric; their wavelet functions have vanishing moments and scaling functions

, and have been used in many applications using Calderón-Zygmund Operators. 

Both the scaling function (low-pass filter) and the wavelet function (High-Pass Filter) must be normalized by a factor . Below are 

the coefficients for the scaling functions for C6-30. The wavelet coefficients are derived by reversing the order of the scaling function 

coefficients and then reversing the sign of every second one (i.e. C6 wavelet = {ī0.022140543057, 0.102859456942, 

0.544281086116, ī1.205718913884, 0.477859456942, 0.102859456942}). Mathematically, this looks like Bk = (-1)
k 
CN-1 where k is 

the coefficient index; B is a wavelet coefficient and C a scaling function coefficient. N is the wavelet index, i.e. 6 for C6. A 

biorthogonal wavelet is a wavelet where the associated wavelet transform is invertible but not necessarily orthogonal. Designing 

biorthogonal wavelets allows more degrees of freedom than orthogonal wavelets. One additional degree of freedom is the possibility 

to construct symmetric wavelet functions. In the biorthogonal case, there are two scaling functions, which may generate 

different multi resolution analyses, and accordingly two different wavelet functions . So the numbers M and N of coefficients in 

the scaling sequences may differ. The scaling sequences must satisfy the following biorthogonality condition 

. 

Then the wavelet sequences can be determined as   

 

 .In coif N, N is the order. 

Coiflet wavelets are discrete wavelet outlined by Ingrid Daubechies, on the requisition of Ronald Coifman, to have scaling operations 

with vanishing time period. The wavelet is closing symmetric and their wavelet operation has N/3 vanishing time period and the 

scaling operation is N/3-1. They have been utilized in numerous applications by the use of Calderón-Zygmund Operators. Both the 

scaling operation and the wavelet operation must be normalized by a consideration 1/ ã2 . The following are the coefficients for the 

scaling operations for C6-30. The wavelet coefficients are demonstrate by switching the request of the scaling capacity coefficients 

and after that turning around the indication of each second one (i.e. C6 wavelet = {ī0.022140543057, 0.102859456942, 

0.544281086116, ī1.205718913884, 0.477859456942, 0.102859456942}).  

Scientifically, where k is the coefficient file and B is a wavelet coefficient and C a scaling capacity coefficient and N is the wavelet.  

2.3  Symlet Wavelet 
Symlet wavelets are a family of wavelets. They are a modified version of Daubchies wavelets with increased symmetry. In symN, N is 

the order. Some authors use 2N instead of N. Symlets are only near symmetric; consequently some authors do not call them symlets. 

More about symlets can be found in [Dau92], pages 194, 254-257. By typing waveinfo('sym') at the MATLAB command prompt, you 

can obtain a survey of the main properties of this family [11]. 

2.4  Daubchies 
Daubchies proposes modifications of her wavelets that increase their symmetry can be increased while retaining great simplicity. 

The idea consists of reusing the function m0 introduced in the dbN, considering the  as a function W of  . 

Then we can factor W in several different ways in the form of  because the roots of W with modulus not 

equal to 1 go in pairs. If one of the root is z1, then  is also a root. 

¶ By selecting U such that the modulus of all its roots is strictly less than 1, we build Daubchies wavelets dbN. The U filter is a 

"minimum phase filter." 

¶ By making another choice, we obtain more symmetrical filters; these are symlets. 

The symlets have other properties similar to those of the dbNs.  

2.5  ETC SYSTEM  

The scheme includes the details of the three key components in modified ETC system, first is image encryption control by Alice, and 

second is image compression control by Charlie and then bob controlled the logical order decryption and decompression. Encryption 
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is the process in which plain text is converted into unreadable form to provide the high level of security. To decrypt or decode the text, 

the receiver use that key which is used for encrypting the text [7]. Encryption method is used of securing the data which is very 

important and confidential for the military and the government operations. Now a day it is also used by the civilianôs in day-to-day 

life. There are various applications like in the online transactions of banks and the data transfer via networks and exchange of vital 

personal information etc. All these require the application of encryption from the aspects of reliability and security. The work which is 

done earlier only addressed the compression of bi-level images and binary i.e. black and white images with asymmetric probabilities 

of black and white pixels. The growth of lossless compression of the encrypted images has been recently signified by relying on the 

comparison with source coding and the side information at the decoder. Bob aims to retrieve the original l image I after receiving the 

compressed and encrypted bit stream B. A multimedia technology used for hiding information which provides the authentication and 

copyright protection. 

 

3.   ARITHMETIC  CODING  

It is most often used when we have to code binary symbols or bits. Each bit begins the coding process. The arithmetic codes generate 

non-block codes; that is a correspondence between source symbols and code words does not exist. Instead, an entire sequence of 

source bits is allocated to a single code word which defines an interval of real numbers between 0 and 1.  

As the number of symbols or bits in the message increases, the interval used to represent it becomes smaller and the number of bits 

needed to represent the interval becomes larger. Each symbol in the message reduces the size of the interval according to its 

probability of occurrence. Since the symbols are not coded one at a time, this technique can achieve the highest possible coding 

efficiency. 

 

4.   METHODOLOGY  

Encryption-Compression using New Haar, Coiflet, Symlet and Daubchies wavelet transform (ECNHCSNDWT) 

The input image has been considered as óIô, encryption over óIô has been implemented using random permutation method. The 

obtained result after encryption has been considered as óIeô, and then a new Haar, Coiflet, Symlet and Daubchies wavelet technique 

has been used for compression. The output after compression has been stored as image óBô. Then the image óBô has been decrypted 

after decompression. [1] 

   

 

                                         

                                           I              Ie 

                          Random Permutation                                               

                                                                                                               New Haar, Coiflet,  
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                                                               Reconstruction of Real Image 

   Ὅ             B 

  

Fig. 3. Proposed Model for Encryption-Compression System 

 

As shown in Fig. 3. Encryption-Compression system is proposed. The resultant image ) is evaluated using various parameters like CR, 

MSE and PSNR to check the efficiency and to compare it with the result of existing system. We can also represent the proposed 

schema with the help of flowchart. Fig.4. Shows the flowchart that represents the procedure flow of various steps. Half of the 

flowchart represents the encryption steps and rest represents the compression steps. Then inverse process to retrieve the real image and 

then calculation steps to check the efficiency. 
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                                                         Fig. 4. Flowchart for Image Encryption-Compression Scheme [1] 

 

 

5.   RESULTS EVALUATION  

In this section, we will perform experiment to verify the efficiency of our approach. The comparison of the accuracy is done for every 

method is one with the given values to the proposed work. With our approach result will evaluated with different parameters as CR 

(compression ratio), MSE (mean square error) and PSNR (peak signal to noise ratio). 
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Dynamic Modelling of Biped Robot 
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Abstractð Goal of dynamics is to obtain equations of motion of biped. Dynamic model of 11 Degree of freedom biped is 

formulated. Euler - Lagrange formulation combined with homogeneous transformation matrices are used to derive Equations of 

motion. Jacobian matrixes are the basic elements in building dynamic model. Jacobian matrixes and Euler- Lagrange equations used to 

determines its dynamic characteristics such as velocity, acceleration and torque.  This is necessary for design as well as for estimation 

of energy consumption of biped. This paper illustrates the mathematical model of the dynamics equations for the legs into the Sagittal 

and Frontal planes by applying the principle of Lagrangian dynamics. 

Keywordsð Degree of freedom (DOF), DenavitïHartenberg (D-H) parameters, Jacobian, Lagrangian.    

1. INTRODUCTION 

In the last decade rapid growth in use of Humanoid Robotics results in autonomous research field. Humanoid robots are used in all 

situations of humanôs everyday life, cooperating with us. They will work in services, in homes and hospitals, and they are even 

expected to get involved in sports. Hence, they will have to be capable of doing a diversity of tasks. Humanoid robots resembles 

human-like in their shape and behavior. They have included in number of applications like replacement of humans in hazardous works 

such as rescue operations, military operations, disaster scenarios, or restoration movement in people with disabilities. 

The first dynamically balanced biped was developed by Katoin 1983. It was named as quasi-dynamic due to static walking. This 

achievement shifted research to from static to dynamic walking [1].In 1984, Miura and Shimoyama [2] Modeled BIPER-3 depicting 

true active balance. It has only three actuators; one to change the angle separating the legs in the direction of motion, and the 

remaining two which lifted the legs out to the side in the lateral plane. Placement is done using an inverted pendulum .Later this was 

modified to the seven degree of-freedom BIPER-4 robot. Raibert developed a planar hopping robot [3].It has a pneumatically driven 

leg and has three degrees of freedom (pitch motion, and vertical and horizontal translation). A state machine was used to track the 

current progress. 

A dynamic running robot was developed by Hodgins, Koechling and Raibert [4].This robot was constrained to two dimensional 

motions. Control system has the three important parameters like body height, foot placement and body attitude; these parameters are 

controlled through the use of a state machine. The robot was controlled depending upon its current state. Research around this time 

was focused on developing analytical techniques for designing and controlling robot motion. This leads to complex equations 

governing the motion of the robot which had no solution and been needed to be approximated or linearized. The zero moment point 

(ZMP) principle with a control system is used by Takanishiet al [5] to achieve dynamic stability of seven link robot. McGeer [6] 

showed that a correctly designed biped walker with no actuation and no control could walk down gentle slopes. He considered the pair 

of pendulum that walk naturally as wheel rolls.  

Akihito Sano Junji Furusho [7] used angular momentum of the whole system for feedback-controlled walking. But model fails on 

sloped surfaces. Zheng et al [8] developed methodology for biped robot control .Estimation of the inclination of supporting foot 

allows robot to transfer from level walking to climbing the slope.  But this methodology fails for walking from a level to a negative 

slope. Kajitaet al [9] restricted the movement of the center of mass (COM) to the horizontal plane to control bipedal dynamic walking. 

But it was unable to move on uneven surface. Yamaguchi et al. [10] added the feature of a yaw-axis movement to robot WL-12RV. 

This eliminates the unwanted behavior of the robot to turn at higher velocities that result in 50 percent faster movement than previous 

robot.  

Jong H. Park and Kyoung D. Kim [11] provided solution to move on uneven surface by using gravity compensated inverted 

pendulum mode (GCIPM).Garcia et al [12] used a double pendulum to show the same. This work concluded that mechanical design is 

equally, if not more important, than the control method used. This shows that more effort on a correct mechanical system design will 

simplify the complexity of the control system required. Shadow Robot Group performed research in the United Kingdom and 
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Developed the Shadow Walker prototype having twelve degrees of freedom. Concept of anthropomorphic design and use of a wooden 

frame, they have constructed a biped robot using óairô muscles. Research project done by the University of Waseda in Japan leads to 

WABIAN Humanoid. They worked on human motion dynamics, human-like mechanism design. Sardain et al [13] generated walking 

with large velocities.  

Zonfrilli et al [14] suggested different biped mechanism to for passive, static, dynamic or purely dynamic walking. Sakagami et al 

[15] made one of most advanced features biped robot, ASIMO. It process instructions from various types of raw sensory data, able to 

detect obstacle and identify peoples, Posses map management system for navigation. Its processing is slower due to manipulation of 

huge database. The compensation for possibility of falling the robot over uneven surfaces is done by Hirukawa et al [16]. Sugahara et 

al included applications like to take care of elderly people. Zoss et al shows that exoskeletons used for transporting heavy objects. 

Ekkelen kamp et al design robot for treadmill training so as to reduce physical load on the recovering therapist patient and to offer 

assistance in leg movements in the forward direction and in keeping lateral balance. 

Daan et al implemented pure dynamic approach with open-loop strategy .A predefined time trajectory for the swing leg makes the 

swing leg move backwards just prior to foot impact. So it moves without requiring local control. Fariz et al [17] had made kinematic 

formulations by considering position and orientation that results in walking pattern for flat surfaces as well as inclined surfaces. 

The research on humanoid biped robot includes various areas such as mechanical design, mathematical modeling, and simulation 

of biped locomotion. There are many problems that involve kinematics, dynamics, balance and Stability. It makes the study of bipedal 

robot a complex subject. However, with technological development based on theoretical and experimental research, we have managed 

to do it. Since the robot have more joints, so the robot has more degrees of freedom. Analysis is related to more variables and the 

derivation of correlation formulas are also more complex. When we built a humanoid biped robot, we need to make the design of each 

component by obtaining the mathematical model of each part. The mechanical structure and drive of the biped robot affect their 

movement speed, power consumption and load directly. 

In this paper, we proposed a dynamic model by viewing the kinematic chain of a leg of a biped in forward order. This paper is 

organized as follows: the forward kinematics for the proposed humanoid robot is obtained using the DenavitȤHartenberg convention.in 

Section 2. The jacobian matrix which is prerequisite for dynamics is described in Section 3. The discussion about the dynamic model 

in the Sagittal and Frontal planes using Lagrange equations is in Section 4. Finally, Section 5 presents some important conclusions for 

biped robot. 

2. FORWARD KINEMATICS 

Forward kinematics is the task in which the position and orientation of the endȤeffector is to be determined by giving the 

configurations for the joints of the robot. The design of biped is based on human body in terms of ratios, body proportions, and range 

of motion. This paper propose to have sufficient DOF to imitate human motion. The model used consists of 5-links connected through 

revolute joints, 2-links for each leg and 1-link for torso. The identical legs have hip joint between torso and thigh, knee joints between 

the thigh and shank, ankle joint between shank and foot, and a rigid body forms the torso. The joint structure of the biped has eleven 

degrees of freedom, 5 DOF for each leg and 1 DOF for waist or torso. DOF for waist is shared between legs. The Hip joint has 2-

DOF, which allows it motion in the sagittal and the lateral plane.  

Servos mounted on robot serves as actuators. One servo is mounted on torso, two servos are attached to the hip, one servo is 

attached to the knee and two servos are attached to the ankle. The mechanical design of the bipedal robot is modular, making it easy to 

change and replace parts. Forward kinematics is the first step to derive dynamic model of biped. Once the model has been prepared, it 

is necessary is to attach the frames to each joint. The link frame assignment is the basic requirement of DenavitïHartenberg(D-

H)parameter. 
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Fig 1: Basic model of biped 

 

Fig 2: D-H Parameter frame assignment 

A 4×4 transformation matrix relating i frame to i-1 frame is given by, 

ǋĖĭH =

ÃÏÓʃ     ÓÉÎʃ ÃÏÓɻϥϛ         ÓÉÎʃÓÉÎɻϥϛ     ÁϥϛÃÏÓʃ 
ÓÉÎʃ          ÃÏÓʃ ÃÏÓɻϥϛ    ÃÏÓʃÓÉÎɻϥϛ      ÁϥϛÓÉÎʃ
      π                     ÓÉÎɻϥϛ                  ÃÏÓɻϥϛ                   Ä
       π                                 π                               π                    ρ

 

Where, 

ʃ = Rotation angle is angle between Xϥϛ and X measured about Z. 

ɻϥϛ = Twist angle is angle between lines along joints i-1 and i measured about common perpendicular X ϥϛ. 

Áϥϛ = link length is the distance between the lines along joints i-1 and i along common perpendicular. 

Ä = link offset is distance along Z from line parallel to Xϥϛ to the line parallel to X and are called as Denavit-hartenberg (D-H) 

parameters. 

These are known as D -H parameters and are used to calculate transformation matrix of one link with respect to previous link. 

Homogeneous transformation from one link to another link is obtained by multiplying continuous chain of matrixes form one to 

another link. 

3. JACOBIAN MATRIX 

In this we are interested to derive the velocity relationships that relate the linear and angular velocities of the end-effector to the 

joint velocities. We will find the angular velocity of the end-effector frame which gives the rate of rotation of the frame and the linear 
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velocity of the origin. Then we relate these velocities to the joint velocities. Jacobian matrix forms the basic elements in building a 

dynamic model of biped walking. On the basis of motion i.e rectilinear or rotary, the jacobian matrixes are divided as linear or 

revolutary. In this design, all joints are revolute, so general form of matrix can be written as, 

J =  
*ʉ
*ʖ
  =  

ȧϥϛ ȧϥϛ

ȧϥϛ
                                     éé.. (1) 

Masses are considered as two concentrated material points such as thigh, shin or leg. We can define the dynamic system as figure 3. 

 

Fig 3: Masses and joints for thigh and shin or legs. 

Each mass needs a jocobian matrix JϞ and JϠ means jacobian of thigh and shin. By separating this jacobian matrix into rectilinear 

and rotary elements, jacobian matrix can be written as shown below. Linear and rotary components of jacobian of thigh are given by, 

*ʉϞ = [ZϚ /ϞÃ /Ϛ     :ϛ /ϞÃ /ϛ     :Ϝ /ϞÃ /Ϝ     :ϝ /ϞÃ /ϝ     π     π]                              éé.. (2)                                                                            

*ʉϞ = [[ - lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)), - lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)), - lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)),- lϞ s(ɗϝ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ)), 0, 0],[   lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)),   lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)),   lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)),- lϞ 

s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)), 0, 0],[ 0, 0, 0, -  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))² -  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))², 0, 0]] 

*ʖϞ = [ZϚ    :ϛ     :Ϝ     :ϝ  π   π ]                               éé.. (3) 

*ʖϞ = [[ 0, 0, 0, - c(ɗϛ) s(ɗϜ) - c(ɗϜ) s(ɗϛ), 0, 0],[ 0, 0, 0,   c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ), 0, 0][ 1, 1, 1,0, 0, 0]] 

Similarly, Linear and rotary components of jacobian of shin can be calculated as, 

*ʉϠ = [Z /ϠÃ /Ϛ     :ϛ /ϠÃ /ϛ     :Ϝ /ϠϞÃ /Ϝ     :ϝ /ϠÃ /ϝ      :Ϟ /ϠÃ /Ϟ       π]                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

*ʖ Ϡ = [ZϚ    :ϛ     :Ϝ     :ϝ  :Ϟ   π ] 

Where, 

ZϚ =  
π
π
ρ
  

:ϛ =  

ϊ(ϛρȟσ

ϊ(ϛςȟσ

ϊ(ϛσȟσ

 =  
π
π
ρ
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:Ϝ  

ϊ(Ϝρȟσ

ϊ(Ϝςȟσ

ϊ(Ϝσȟσ

  =  
π
π
ρ
  

:ϝ  

ϊ(ϝρȟσ

ϊ(ϝςȟσ

ϊ(ϝσȟσ

 =  
  ÃʃϛÓʃϜ  ÃʃϜÓʃϛ

    ÃʃϛÃʃϜ  Óʃϛ ÓʃϜ
π

  

:Ϟ  

ϊ(Ϟρȟσ

ϊ(Ϟςȟσ

ϊ(Ϟσȟσ

 =  
  Ãʃϛ ÓʃϜ  ÃʃϜ Óʃϛ

 ÃʃϛÃʃϜ  ÓʃϛÓʃϜ
π

  

/Ϛ =  
π
π
π
  

/ϛ =  

ϊ(ϛρȟτ

ϊ(ϛςȟτ

ϊ(ϛσȟτ

 =  
π
π
π
  

/Ϝ =  

ϊ(Ϝρȟτ

ϊ(Ϝςȟτ

ϊ(Ϝσȟτ

 =  
π
π
π
  

/ϝ =  

ϊ(ϝρȟτ

ϊ(ϝςȟτ

ϊ(ϝσȟτ

 =  
π
π
π
  

/Ϟ = /ϞÃ   

ϊ(Ϟρȟτ

ϊ(Ϟςȟτ

ϊ(Ϟσȟτ

 =  

 ÌϞ ÃʃϝÃʃϛ ÃʃϜ  Óʃϛ ÓʃϜ
 ÌϞ Ãʃϝ ÃʃϛÓʃϜ  ÃʃϜÓʃϛ

 ÌϞ Óʃϝ
  

/ϠÃ  

ϊ(Ϡρȟτ

ϊ(Ϡςȟτ

ϊ(Ϡσȟτ

  

= [{l5 (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ)-s(ɗϛ) s(ɗϜ)) s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ)s(ɗϛ) s(ɗϜ)))+ lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))},{l5 (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) s(ɗϜ)+c(ɗϜ) s(ɗϛ))s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))},{ - l5 (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) -  lϞ 

s(ɗϝ)}]  

4. LAGRANGE FORMULATION 

The aim to solve dynamics is to obtain equation of motion of system. Because of multiple degree of freedom system, it is difficult 

to obtain equation of motion. In this paper, principles of Lagrangian dynamics is used for determining the gait locomotion equations 

for obtaining the torque in each joint of the biped. By representing variables of system as generalized coordinate, we can write 

equation of motion for an n-DOF system using Euler-Lagrange Equation as, 

ʐ                                                         éé.. (4) 

L= K-P                                                                     éé.. (5) 

Where L is Lagrangian, K is kinetic energy and P is potential energy. 

The kinetic energy of a rigid body is sum of two terms. 
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K= ÍÖ Öʖ )ʖ                                                éé.. (6) 

The inertia tensor is required to be transferred into global coordinate, so equation 6 should be multiplied by rotational transfer matrix 

R. 

K = ÍÖ Öʖ 2)2ʖ                                        éé.. (7) 

Total kinetic energy is sum of each links. 

K = В ÍÖ Öʖ 2 ) 2ʖ                      éé.. (8) 

By using the Jacobian matrix, the kinetic energy can be written as the function of the joint variables like Equation 9 

K=  Ñ В Í *ʉÑ *ʉÑ *ʖ Ñ 2Ñ) 2Ñ *ʖ Ñ Ñ                                éé.. (9)                                                                                       

K=  Ñ ÍϞ *ʉϞÑ *ʉϞÑ+ Í Ϡ *ʉϠÑ *ʉϠÑ  *ʖϞÑ 2ϞÑ)Ϟ2ϞÑ *ʖϞÑ+*ʖϠÑ 2ϠÑ)Ϡ2ϠÑ *ʖϠÑ} Ñ                  é.. (10) 

Inertia matrix  $Ñ can be given by equation 11 

D(q) ÍϞ *ʉϞÑ *ʉϞÑ+ Í Ϡ *ʉϠÑ *ʉϠÑ  *ʖϞÑ 2ϞÑ)Ϟ2ϞÑ *ʖϞÑ+*ʖϠÑ 2ϠÑ)Ϡ2ϠÑ *ʖϠÑ}                       é.. (11) 

Kinetic energy can be written as, 

K = 
 
 Ñ D(q) Ñ = В Äj(q) Ñ Ñj                                          éé.. (12) 

Where D(q) is 6×6 symmetric matrix. Equation 13 shows its elements. 

D(q)

ụ
Ụ
Ụ
Ụ
Ụ
ợὨϛϛ
ᶻ
ᶻ
ᶻ
ᶻ
ᶻ

 

 ὨϛϜ
ὨϜϜ
ᶻ
ᶻ
ᶻ
ᶻ

  

Ὠϛϝ
ὨϜϝ
Ὠϝϝ
ᶻ
ᶻ
ᶻ

 

  ὨϛϞ
ὨϜϞ
ὨϝϞ
ὨϞϞ
ᶻ
ᶻ

  

Ὠϛϟ
ὨϜϟ
Ὠϝϟ
ὨϞϟ
Ὠϟϟ
ᶻ

  

ὨϛϠ
ὨϜϠ
ὨϝϠ
ὨϞϠ
ὨϟϠ
ὨϠϠỨ
ủ
ủ
ủ
ủ
Ủ

                      éé.. (13) 

Potential Energy of  leg is, 

P = m g h = В ÍȧÇ hci                                                             éé.. (14) 

Lagrangian L is the function of the joint variables given by Equation 15. 

L= K- P =
 
 Ñ D(q) Ñ-P(q) = 

 
В В Ὠj(q) Ñ Ñj - В άȧὫ hci(q)                                                     éé.. (15) 

The partial derivatives of the Lagrangian with respect to the velocity is, 

Ћ,

ЋÑË

Ћ

ЋÑË

ρ

ς
 ÄÉÊ Ñ Ñ É Ñ Ê   

Ћ

ЋÑË
 0Ñ  

В ÄËÊÑÑ Ê                                                         éé.. (16)                                                                         

Differential of equation 16 is, 

В ÄËÊ ÑÊ В  ÄËÊ ÑÊ В ÄËÊ ÑÊ В В  Ñ É ÑÊ                        éé.. (17)                                                                      
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The partial derivatives of the Lagrangian with respect to the position is 

 =  В В     Ñ É ÑÊ -                             éé.. (18) 

Euler-Lagrangian equation can be obtained by substraction of equation 18 from equation 17 

В ÄËÊÑÊ В В Ñ É ÑÊ Űk  éé.. (19) 

If we define the Christoffel symbols Cijk and gravity force gk(q) as in Equation and  

Cijk  =                                      éé.. (20) 

gk(q) =                                                             éé.. (21) 

Equations of motion are given by equation 22, 

В ÄËÊÑÑÊ В В #ÉÊËÑ ÑÉ ÑÊ ÇËÑ  Űk     éé.. (22)             

The second term of equation 22, В В #ÉÊËÑ ÑÉ ÑÊ  has two meanings. When i j, term indicates centrifugal force. When i 

j, term indicates Coriolis Effect. Since the product of inertia is much smaller than moment of inertia, Coriolis effect can be 

disregarded. So the equations of motion can written as equation 23. 

Űϛ = dϛϛɗ↓ϛ+ dϛϜɗ↓Ϝ+ dϛϝɗ↓ϝ+ dϛϞɗ↓Ϟ+ dϛϟɗ↓ϟ+ dϛϠ ɗ↓Ϡ+Cϛϛϛɗ→1²+ CϜϜϛɗ→Ϝ²+ Cϝϝϛɗ→ϝ²+ CϞϞϛɗ→Ϟ²+ Cϟϟϛɗϟ² + CϠϠϛɗϠ² + gϛ. 

ŰϜ = dϜϛɗ↓ϛ+ dϜϜɗ↓Ϝ+ dϜϝɗ↓ϝ+ dϜϞɗ↓Ϟ+ dϜϟɗ↓ϟ+ dϜϠ ɗ↓Ϡ+CϛϛϜɗ→1²+ CϜϜϜɗ→Ϝ²+ CϝϝϜɗ→ϝ²+ CϞϞϜɗ→Ϟ²+ CϟϟϜɗϟ² + CϠϠϜɗϠ² + gϜ. 

Űϝ = dϝϛɗ↓ϛ+ dϝϜɗ↓Ϝ+ dϝϝɗ↓ϝ+ dϝϞɗ↓Ϟ+ dϝϟɗ↓ϟ+ dϝϠ ɗ↓Ϡ+Cϛϛϝɗ→1²+ CϜϜϝɗ→Ϝ²+ Cϝϝϝɗ→ϝ²+ CϞϞϝɗ→Ϟ²+ Cϟϟϝɗϟ² + CϠϠϝɗϠ² + gϝ. 

ŰϞ = dϞϛɗ↓ϛ+ dϞϜɗ↓Ϝ+ dϞϝɗ↓ϝ+ dϞϞɗ↓Ϟ+ dϞϟɗ↓ϟ+ dϞϠ ɗ↓Ϡ+CϛϛϞɗ→1²+ CϜϜϞɗ→Ϝ²+ CϝϝϞɗ→ϝ²+ CϞϞϞɗ→Ϟ²+ CϟϟϞɗϟ² + CϠϠϞɗϠ² + gϞ. 

Űϟ = dϟϛɗ↓ϛ+ dϟϜɗ↓Ϝ+ dϟϝɗ↓ϝ+ dϟϞɗ↓Ϟ+ dϟϟɗ↓ϟ+ dϟϠ ɗ↓Ϡ+Cϛϛϟɗ→1²+ CϜϜϟɗ→Ϝ²+ Cϝϝϟɗ→ϝ²+ CϞϞϟɗ→Ϟ²+ Cϟϟϟɗϟ² + CϠϠϟɗϠ² + gϟ. 

ŰϠ = dϠϛɗ↓ϛ+ dϠϜɗ↓Ϝ+ dϠϝɗ↓ϝ+ dϠϞɗ↓Ϟ+ dϠϟɗ↓ϟ+ dϠϠ ɗ↓Ϡ+CϛϛϠɗ→1²+ CϜϜϠɗ→Ϝ²+ CϝϝϠɗ→ϝ²+ CϞϞϠɗ→Ϟ²+ CϟϟϠɗϟ² + CϠϠϠɗϠ² + gϠ.éé.. (23)                                                                                                           

Element of inertia matrix is, 

dϛϛ = (Ixx4 (c(ɗϝ) (1-lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ + lϞ lϟ s(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) 

s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)) - Iyx4 (s(ɗϝ) (1 - 

lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ 

(c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ 

(c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2) ²)½ -  lϞ lϟ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ 

c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2))). 

Similarly all other dϛϜ,dϛϝ,dϛϞ,dϛϟ,dϛϠ,dϜϛ,dϜϜ,dϜϝ,dϜϞ,dϜϟ,dϜϠ,dϝϛ,dϝϜ,dϝϝ,dϝϞ,dϝϟ,dϝϠ,dϞϛ,dϞϜ,dϞϝ,dϞϞ,dϞϟ,dϞϠ,dϟϛ,dϟϜ, dϟϝ,dϟϞ, dϟϟ,dϟϠ, 

dϠϛ, dϠϜ,dϠϝ, dϠϞ, dϠϟ,dϠϠ can be found out. 

Each element of the Christoffel symbols is, 

C113 =  
 

 

http://www.ijergs.org/


(ÕÛÌÙÕÈÛÐÖÕÈÓɯ)ÖÜÙÕÈÓɯÖÍɯ$ÕÎÐÕÌÌÙÐÕÎɯ1ÌÚÌÈÙÊÏɯÈÕËɯ&ÌÕÌÙÈÓɯ2ÊÐÌÕÊÌɯ5ÖÓÜÔÌɯƘȮɯ(ÚÚÜÌɯƖȮɯ,ÈÙÊÏ-ɯ ×ÙÐÓȮɯƖƔƕƚɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯɯ 

ISSN 2091-2730 

259                                                                                                   www.ijergs.org   

= ((Ixx4 (s(ɗϝ) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - 

lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2) ²)½ - lϞ lϟ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2) +  lϞ lϟ s(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) (lϟ (c(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)) + c(ɗϞ) s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) - (lϟ (c(ɗϝ) c(ɗϞ) - s(ɗϝ) s(ɗϞ)) + lϞ c(ɗϝ)) (lϟ 

(c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ)) + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ))) (lϟ (c(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) + c(ɗϞ) s(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ s(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ)))) - ( lϞ² lϟĮ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ))) (lϟ (c(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) + c(ɗϞ) s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) - (lϟ (c(ɗϝ) 

c(ɗϞ) - s(ɗϝ) s(ɗϞ)) + lϞ c(ɗϝ)) (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ)) + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) (lϟ (c(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) + c(ɗϞ) s(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) 

+ lϞ s(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2))/(1 -  lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) 

Equation 14 is about potential energy which is function of joint angles and is given by, 

P = mϞ g (hϚ-lϞc c(ɗϜ) c(ɗϝ)+mϠ g (hϚ- c(ɗϜ)( lϞ c(ɗϝ)+l6c  c(ɗϝ+ ɗϞ) 

P = (981 mϞ (hϚ-lϞc c(ɗϜ) c(ɗϝ)))/100 + (981 mϠ (hϚ- c(ɗϜ) (l6c  c(ɗϝ+ ɗϞ) + lϞ c(ɗϝ))))/100 

Element of gravity force is given by, 

gϜ = 
 

(981 mϠ s(ɗϜ) (l6c  c(ɗϝ + ɗϞ) + lϞ c(ɗϝ)))/100 + (981 l4c  mϞ c(ɗϝ) s(ɗϜ))/100 

Similarly each element of gravity force gϛ, gϝ, gϞ, gϟ, gϠ can be calculated. 

Torque required for yaw motion of torso is given by, 

Űϛ = ɗ↓ϛ  ((Ixx4 (c(ɗϝ) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 

- lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)¹/² + lϞ lϟ s(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)) ï Iyx4 (s(ɗϝ) (1 - lϞ² lϟ² ((lϟ 

(c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + 

c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²) ¹/² - lϞ lϟ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - 

s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2))). 

Torque required for rolling motion at hip joint is given by, 

ŰϜ = ɗ↓ϛ ((Ixx4 (c(ɗϝ) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2) ²)½ + lϞ lϟ s(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) 

s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)) ï Iyx4 (s(ɗϝ) (1 - 

lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ 

(c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ 

(c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)² - lϞ lϟ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) 
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+ lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2))).  

Torque required for pitching motion at hip joint is given by, 

Űϝ = ɗ↓ϛ ((Ixx4 (c(ɗϝ) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))+ lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 

- lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2) ²)½ + lϞ lϟ s(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - 

s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2)) - IyxϞ (s(ɗϝ) (1 - lϞ² lϟ² 

((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) 

c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) 

s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ - lϞ lϟ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ 

c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) 

c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) 

s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))Į/2)Į)İ) ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) 

c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) 

s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2)) - s(ɗϟ) (s(ɗϝ) (1 -  lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ 

c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ - lϞ lϟ c(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) 

+ c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) 

- s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ 

s(ɗϝ))²/2)))).  

Torque required for pitching motion at knee joint is given by, 

ŰϞ= ɗ↓Ϟ ((c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) (s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - 

s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ - lϞ lϟ c(ɗϝ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ)) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - 

lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))Į/2)) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 

-  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2)²)½ -  lϞ lϟ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - 

s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ 

s(ɗϝ))Į/2))) + c(ɗϜ) s(ɗϛ)) (1 -  lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ + lϞ lϟ s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ 

s(ɗϝ))²/2)) - (c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) 

+ lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½+ lϞ lϟ s(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) ((lϟ 

(c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) 

+ c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2))).  

Torque required for pitching motion at ankle joint is given by, 
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Űϟ = ɗ↓Ϟ ((c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½) + lϞ c(ɗϝ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - 

s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))Į/2)Į)İ) (c(ɗϟ) (c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) (1 -  lϞ² lϟ² ((lϟ 

(c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) 

+ c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ + lϞ lϟ s(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) 

s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2)) - s(ɗϟ) (s(ɗϝ) (c(ɗϛ) s(ɗϜ) + 

c(ɗϜ) s(ɗϛ)) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ² 

- lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ - lϞ lϟ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) 

- s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2))) - (c(ɗϟ) 

(c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - 

s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2)²)½ + lϞ lϟ s(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) ((lϟ (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)).  

Torque required for rolling motion at ankle joint is given by, 

ŰϠ = ɗ→ϛ ((1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  

lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½) + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) 

s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½) + ((Iyz6 pi c(( lϞ c(ɗϞ) 

c(ɗϟ) s(ɗϠ) - lϞ s(ɗϞ) s(ɗϟ) s(ɗϠ) + lϟ c(ɗϞ)Į c(ɗϟ) s(ɗϠ) + lϟ c(ɗϟ) s(ɗϞ)Į s(ɗϠ))/(c(ɗϞ)Į c(ɗϟ)Į c(ɗϠ)Į + c(ɗϞ)Į c(ɗϟ)Į s(ɗϠ)Į + c(ɗϞ)Į c(ɗϠ)² 

s(ɗϟ)Į + c(ɗϟ)Į c(ɗϠ)Į s(ɗϞ)Į + c(ɗϞ)Į s(ɗϟ)Į s(ɗϠ)Į + c(ɗϟ)Į s(ɗϞ)Į s(ɗϠ)Į + c(ɗϠ)Į s(ɗϞ)Į s(ɗϟ)Į + s(ɗϞ)Į s(ɗϟ)Į s(ɗϠ)²)) c((pi s(( lϞ c(ɗϞ) c(ɗϟ) 

s(ɗϠ) - lϞ s(ɗϞ) s(ɗϟ) s(ɗϠ) + lϟ c(ɗϞ)Į c(ɗϟ) s(ɗϠ) + lϟ c(ɗϟ) s(ɗϞ)Į s(ɗϠ))/(c(ɗϞ)Į c(ɗϟ)Į c(ɗϠ)Į + c(ɗϞ)Į c(ɗϟ)Į s(ɗϠ)Į + c(ɗϞ)Į c(ɗϠ)Į s(ɗϟ)² + 

c(ɗϟ)Įc(ɗϠ)Į s(ɗϞ)Į + c(ɗϞ)Į s(ɗϟ)Į s(ɗϠ)Į + c(ɗϟ)Į s(ɗϞ)Į s(ɗϠ)Į + c(ɗϠ)Į s(ɗϞ)Į s(ɗϟ)Į + s(ɗϞ)Įs(ɗϟ)Į s(ɗϠ)²)))/2) (c(ɗϟ) (c(ɗϝ) (1 -  lϞ² lϟ² ((lϟ 

(c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) +  lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) 

(c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + 

c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)²)½ + lϞ lϟ s(ɗϝ) ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) 

(c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) +  lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - 

s(ɗϛ) s(ɗϜ)))²/2 -  lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) + lϞ s(ɗϝ))²/2)) - s(ɗϟ) (s(ɗϝ) (1 - lϞ² lϟ² ((lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) 

s(ɗϛ)) - s(ɗϝ) s(ɗϞ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ))) + lϞ c(ɗϝ) (c(ɗϛ) s(ɗϜ) + c(ɗϜ) s(ɗϛ)))²/2 + (lϟ (c(ɗϝ) c(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)) - s(ɗϝ) 

s(ɗϞ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ))) + lϞ c(ɗϝ) (c(ɗϛ) c(ɗϜ) - s(ɗϛ) s(ɗϜ)))²/2 - lϞ²/2 - lϟ²/2 + (lϟ (c(ɗϝ) s(ɗϞ) + c(ɗϞ) s(ɗϝ)) +  lϞ s(ɗϝ))²/2)²)½ -  

lϞ lϟ c(ɗϝ)). 

5. CONCLUSION 

Biped which had been previously modeled have less number of DOF, which restrict the motion of biped in working environment. Also 

the mathematical model which had been used, take into account either kinematic or dynamic approach. Both approaches were not 

considered. In this work, design of 11 DOF bipeds is done considering kinematic and dynamic aspects. 
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ABSTRACT-  Data is one of the most valuable assets in every organization. It is required to detect and prevent the data loss from 

being stolen or leaked from the organization to the outside world. Data loss may occur intentionally or unintentionally by the internal 

employees or by the trusted third parties due to mishandling or by mistakes. These data loss causes damage to the organization brands 

and reputation. Even though there are various techniques to prevent the data loss, but it is essential to detect the leakage of sensitive 

data as soon as possible before leaving the trusted network. Data loss prevention controls should be effectively implemented in 

advance in detecting and preventing the sensitive data from being leaked out of an organization. 

 

Keywords: Information Security, Cyber-Crime, Hacks, Attacks, Data Security, Security Risks, Data Leakage, Data Leak 

Detection, Network Security, Privacy. 

INTRODUCTION  

 

Sensitive data could be of different types, it could be related details about a client, employee, Health records of an individual, finance, 

credit cards details etc. Sensitive data is the information where the disclosure is protected by laws and regulations and mainly by the 

organization policy. The loss of sensitive data leads to financial damage and the reputation of an organization. This loss of sensitive 

information affects the organization, customer and the external parties whose information are compromised. Thus the leakage of 

sensitive information should be prevented from unauthorized transmission of data to the public domain. 

 

Information security controls are employed to protect the sensitive data. An organization need to categorize its data asset and define 

their sensitivity and identify the level of protection by means of data classification. This classification of data helps to ensure adequate 

controls are provided to sensitive data .To secure these sensitive data, it is important to know what kind of data is considered to be 

sensitive, where these sensitive dataôs are located and who can access those dataôs. 

 

Data violation is when the sensitive, protected data is viewed, stolen or accessed by unauthorized individual. Data breach involves 

accessing the personal health information, personally identifiable information, intellectual property. To avoid such data violations 

Government compliance regulations, industry guidelines provide strict governance on sensitive and personal data. 

 

In any organization data security program is primarily implemented on the devices and media controls. This includes policies, 

encryption techniques and other necessary safeguards to protect the sensitive information that are stored in storage devices, systems 

and transportable media. A Data security program should be implemented by considering different factors like Technical safeguards, 

access controls, monitoring and logging, backup and recovery, data disposal, security training and awareness, auditing and testing, and 

response program. 

 

While we understand importance of the data security and data loss, itôs also necessary understand the impact of the data losses in 

today scenario. Evolution of science and technology trends impacts business in both positive and negative ways. From our analysis we 

understand that, most of the current technology trends in Information Technology has created an anxiety on the information security 

space. 

 

For example the rising market in todayôs world is the consumer market. E-commerce had made anything and everything possible to 

buy in todayôs world. While this is nice to have, it has created high risk areas on information security. Organizations are compelled to 

provide by accessibility by all means like, mobile, Kiosks, Laptops, I pads, etc. and consumer could be any one. So the information of 
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organization is available in all the places wherever there is connectivity. This increases susceptibility, sharing of data thru social media 

and accessible of unintended data owners. 

 

We could also add more to above trends. Cloud revolution has significantly helped the business teams to reduce their Infrastructure 

cost. The flip side, it has created a risk in terms of Information privacy and challenges in compliances. This one of the reasons why 

many organizations have not shifted their ERPôs to cloud mode. 

 

While we understand the significance of Business Continuity Programs (BCP) in many organizations which is operating 24/7, 

damages or failures of these systems have created major impact on the financials and loyalty of these companies.  While some 

organization faces the resource crunch situation, human resource do open the gates for third party vendors and contractors to work for 

their end clients. This will end up in providing complete access and rights to these resources as like an employee. Just in case the right 

not reset after their contract period or if the monitoring of accessibility is not done properly, it could internally be a high risk situation 

for the information available in the respective organization. 

 

RELATED RESEARCH WORK  

 

× Statistics from security firms, research institutions and government organizations show that the numbers of data-leak 

instances have grown rapidly in recent years. The rising cost of data loss incidents According to a 2010 Ponemon Institute 

study, the average total cost per data breach has risen to $7.2 million, or $214 per record lost. In addition to the costs of 

incidents increasing, the number of leaks appears to be increasing every year. 

× Papadimitriou.P[et.al],(2009),óA Model for Data Leakage Detectionô,[8]-This paper proposes data allocation strategies 

(across the agents) that improve the probability of identifying leakages. These methods do not rely on alterations of the 

released data (e.g., watermarks). In some cases "realistic but fake" data records are injected to further improve our chances of 

detecting leakage and identifying the guilty party. 

× Marecki.J.[et.al],(2010), óA Decision Theoretic Approach to Data Leakage Preventionô,[9]-This paper focus on domains with 

one information source (sender) and many information sinks (recipients) where: (i) sharing is mutually beneficial for the 

sender and the recipients, (ii) leaking a shared information is beneficial to the recipients but undesirable to the sender, and 

(iii) information sharing decisions of the sender are determined using imperfect monitoring of the (un)intended 

information leakage by the recipients. 

× Jiangjiang Wu[et.al],(2011), óAn Active Data Leakage Prevention Model for Insider Threatô,[7]-This paper presents an 

active data leakage prevention model for insider threat that combines trusted storage with virtual isolation technologies and 

expresses the protection requirements from the aspect of data object. It shows an implementation framework and give formal 

description as well as security properties proof. 

× X. Shu and D.Yao[et.al], (2012), óData leak detection as a serviceô,[6]- In this paper A network-based data-leak detection 

(DLD) technique is adopted to detect the accidental leaks due to human errors. The algorithm minimizes the exposure of 

sensitive data to other network. 

× Alneyadi.S[et.al],(2013), óAdaptable N-gram classification model for data leakage preventionô,[5]- This paper uses N-grams 

statistical analysis for data classification purposes. The method is based on using N-grams frequency to classify documents 

under distinct categories. It uses simple taxicap geometry to compute the similarity between documents and existing 

categories.  

× Yan Wen[et.al],(2014),óTowards Thwarting Data Leakage with Memory Page Access Interceptionô,[4]-This paper uses  

Gemini, an instrumentation-free approach, to track data propagation dynamically and then prevent data leakage. Gemini 

leverages the page fault interrupt mechanism of the operating system, instead of DBI, to track memory page accesses, and 

then thwart the data leakage. As a result, Gemini is application transparent, i.e., it solves the application compatibility issue. 

× Alneyadi.S[et.al],(2015),óDetecting Data Semantic: A Data Leakage Prevention Approachô,[3]-In this paper, a statistical data 

leakage prevention (DLP) model is presented to classify data on the basis of semantics. This study contributes to the data 

leakage prevention field by using data statistical analysis to detect evolved confidential data. The approach was based on 

using the well-known information retrieval function Term Frequency-Inverse Document Frequency (TF-IDF). 

× Shu, X[et.al].,( 2015),óFast Detection of Transformed Data Leaksô,[1]-In this paper, a detection is coupled with a comparable 

sampling algorithm it compares the similarity of two separately sampled sequences. 

× Yuri Shapiro[et.al],(2013),óContent-based data leakage detection using extended fingerprintingô,[2]- In this paper an 

extension to the fingerprinting approach is done based on sorted k-skip-n-grams.  
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OBSERVATION  

 

× Exact string matching technique fails to detect data leak in network due to low tolerance for unknown noise. 

 

× Comparison based on regular expression supports wild card but it is not scalable and practically difficult to deploy. 

 

× Even though there exists many such solutions to detect and prevent the leakage of confidential data but none of the methods 

provide absolute protection .Thus the purpose of this research is to provide advancement in detecting the sensitive data 

leakage in public domain by performing deep content inspection and providing the ability to discover the data leakage as fast 

as possible .Alert have to be provided about the vulnerability of the data exposure to the user and the administrators. 

 

CONCLUSION 

In this paper different data leakage detection models and techniques are premeditated .Thus it is very important to implement DLP 

controls and information security controls to manage data loss risks. These clear set of controls should be monitored over time and the 

focus is on defense in depth approach. The data leakage detection and prevention should ensure sensitive data remain safe. The goal of 

this module is to discover the leakage of confidential data by using a real dataset in public domain and the proposed method try to 

improve the accuracy and better detection. 
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Abstract:Friction stir welding (FSW) has produced a great impact in several industries due to the advantages that this process 

presents. In particular, the automotive industry has developed a variant of the original process, called Friction Stir Spot Welding 

(FSSW), which has a strong interest related to the welding of aluminium alloys and dissimilar materials in thin sheets. Aluminium-

steel welding is an actual challenge, being FSSW an alternative to produce these joints. However, the information available related to 

the influence of process parameters on the characteristics of aluminium-steel joints is scarce. In the present investigation Aluminium 

8011 was used. Keywords: friction stir spot welding; Aluminium; Microstructure, Macrostructure. 

Keywords: friction stir spot welding (FSSW); Aluminium; Tool design; Weld assessment; Microscopic structure; Macroscopic 

structure; Metallographic studies. 

1. Introduction  

 The application of lightweight metals such as aluminium alloys in transportation industries, especially in automotive industry, is 

rapidly developed in order to reduce CO2 exhaust gas and fuel consumption. However, steels are still widely used for structural 

components because of the lower absolute strength and higher material cost of aluminium alloys. Therefore, assembling both 

aluminium alloys and steels is necessary to develop hybrid body structures. It is known that fusion welding between aluminium alloy 

and steel are not reliable because brittle intermetallic compounds are formed along the interface, which results in the lower strength of 

welds. Recently, joining aluminium alloys to steels are tried by a friction stir welding (FSW) technique, which is a solid state welding 

process, and successfully achieved high strength welds. A spot welding process using FSW technique has been newly developed, 

which is called friction stir spot welding (FSSW) or friction spot joining (FSJ). This method is expected to apply to joining for body 

parts made of aluminium sheet in transportation systems because traditional resistance spot welding of aluminium alloy usually results 

in poor reliability of joints. FSSW is a solid state joining process as well as FSW, and it is believed that FSSW is suitable for joining 

dissimilar metals. Consequently, FSSW was applied not only for the joining between dissimilar aluminium alloys but also aluminium 

alloy and steel. 

2. Experimental Details 

2.1 Materials 

Aluminium 8011: 

Metal sheet of aluminium (Al 8011) was used for the experiment. Thickness of the sheets used in the experiment was 3.0 mm. 

Table 1: Chemical composition of the material 

Chemical composition in % for grade   8011 

 

 

 

Fe Si Mn Ti Al Cu Mg Zn Impurity 

0.6 - 1 0.5 - 0.9 max  0.2 Max 0.08 97.57 - 

98.9 

max  0.1 Max 0.05 max 0.1 other, 

each 

0.05; 
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Table 2: Mechanical Properties of the material 

 

Mechanical properties under ʊ=200 ʉ for grade   8011   (8011) 

 

 

 

 

 

 

 

 

 

2.2 Preparation of Materials 

The material aluminium was in the form of a big sheet with uniform thickness of 3 mm. The Aluminium was then shear cut to the 

dimension of 215x35 mm. Further the workpieces were milled to obtain a perfect flat surface on the edges. 

 

Figure 2. Aluminium work piece. 

3. Experimental details of FSSW 

3.1 Tool design 

The tool design generally involves the selection of tool material and tool dimensions to suit the thickness of base plates. Based on 

preliminary investigations the tool was selected. The detail of the tool which is used in this investigation is given in the following 

table. Tungsten carbide tool is used it is not subjected to wear in welding of aluminium sheets. 

                 Table3: chemical composition of tool material 

Material W% Ni% Co% 

Tungsten carbide 90.0 6.0 4.0 

 

 

 

 

Assortment Dimension Direct. ůB ůT  ů5 ɣ KCU Heat 

treatment 

- Mm - MPa MPa % % kJ / m2 - 

soft , 

GOST 

618-73 

  30-40  2-3    

hard , 

GOST 

618-73 

  100-120       
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            Table4: Details of the tool used for the welding 

Tool material Shoulder dia in mm Probe dia Probe height Shoulder type 

 

 

 

WC 

 

 

 

25 

 

 

 

 

 

80 

 

 

 

threaded 

 

 

 

 

Figure3.a and b Showing top view and front view of the tool used. 

3.2 Experimental set up and welding operation 

The entire experiments were carried out on FSW machine. For each trial following procedure is carried out. 

1) Checking linearity of welding plate. 

2) The metal sheets to be welded are placed properly in position with the help of jigs and fixtures and bolted   tightly for correct 

alignment throughout the procedure.  

3) Now the FSW welding head containing the tool is brought in position by hydraulic mechanism. The tool is then made just to touch 

the surface of the metal. From this position the tool feed is given. Now the welding cycle is started and after the completion of the 

cycle the tool is drawn back automatically by the hydraulic mechanism. 

4) Parameters such as tool rotation speed, plunge depth and welding time were given for each work pieces. For each FSSW process 

the same set up procedure was followed. With the variation in one of the parameters. FSSW analysis parameters. The mechanical 

performance of a FSSW connection is mainly dependent on the process parameters such as rotational speed (RS), plunge depth (PD) 

and dwell time (DT). 
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Table5: summarizes the parameters that were used in the various experiments carried out on FSSW of Aluminium. Showing 

parameters for the analysis of process parameters. 

Welding time 

sec 

Plunge depth 

mm 

Welding condition Rotational speed 

RPM 

Tensile strength 

KN 

2 5.9 Case 1 1500 3 

4 5.9 Case 2 1500 5.3 

6 5.9 Case 3 1500 5.3 

2 5.9 Case 4 2000 4.3 

4 5.9 Case 5 2000 4.3 

6 5.9 Case 6 2000 4.6 

2 5.9 Case 7 2500 4.2 

4 5.9 Case 8 2500 3.6 

6 5.9 Case 9 2500 3.1 

4 5.8 Case 10 1500 4.5 

4 5.7 Case 11 1500 3.5 

 

3.3 Weld assessment 

All welds were inspected visually for surface roughness, presence of surface grooves extent of any side flash. The width of the weld 

should be constant. A reduction of weld width directly after the start of welding is sign that the tool shoulder was not in sufficient 

contact with workpiece surface and internal voids are assumed to be present. The amount of expelled material should not exceed the 

amount needed for good welds. The bottom of the welds was examined for checking whether sufficient clamping has been applied.  

4. Metallographic studies 

Micrography is very essential for the study of structural characteristics of the weld metal. Important phase of metallography is 

microscopic examination. The weld were prepared for the microscopic and macroscopic examination in a step by step procedure as 

follows. 

1) Grinding 

Hand grinding using silicon abrasive was performed. The grit papers of 400, 600, 800, 1000 and 1200 grades were used. This 

operation was performed as per standards.  The emery paper was kept on a clean glass plate kept on a hard and levelled surface of a 

table. The specimen was generally drawn back and forth across the length of the paper under moderately applied pressure for getting 

unidirectional and uniform scratches on the surface. During subsequent grinding on successive grades of emery paper, new scratches 

were formed at right angles, alternately to the scratches formed by the preceding papers by turning the specimen by 90ϊ during each 

operation. The specimen was cleaned thoroughly with soap in running water and dried before moving on to the next emery sheet. This 

was done to prevent coarse abrasive particles from the previous papers to be carried on the finer grit papers. 
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2) Polishing 

Disc polishing machine was used for this purpose. Silicon carbide powder of 1000 grit size was uniformly smeared on a clean cloth, 

fixed to the disk of the polishing machine. The specimen which was hand ground for about 1200 grit size in the preceding operations, 

was now polished on the rotating cloth at the speeds in the range of 600 -800 rpm and polishing time of about of 10-15 min. depending 

on the situation, until all the scratches on the surface of the specimen were removed. The specimen was thoroughly cleaned with water 

and dried. Final polishing was done on a micro cloth. Diamond paste of 3 µm size grit size was smeared on the cloth. The specimen 

was polished on the rotating cloth for about 5-10 min. until all the scratches were eliminated and a bright mirror surface is obtained. 

The specimen was again cleaned with soap water, dried and kept ready for the next operation i.e. etching. 

3) Etching 

The specimen was thoroughly washed in water. Then the etching is done immersing the sample in solution of 5ml HF (48%) n 100ml 

H2O for 40-50 sec with intermediate washing in running water. This procedure is repeated for five times before the final etched 

sample is obtained. After the etching process the specimen were viewed under optical microscope for micrograph and under stereo 

microscope for macroscopic examination of the weld nugget. 

5. Results and Discussions 

This chapter deals with the various test results obtained on the experiments conducted. Further the influence of various process 

parameters is discussed. Results are interpreted and conclusion are derived. 

5.1 Results 

5.1.1 Tensile test and results 

The tensile test were carried on each welded specimen. Tensile-shear tests were carried out in order to evaluate the performance of 

welds. The Bi-00-201 series of ñplug ónô playò test systems are the most cost effective solution to mechanical testing requirements for 

strength, fatigue and fracture in the 5 to 25 KN force range of static and dynamic loading. The welded specimens are now tested on 

Nano Servo Hydraulic UTM to evaluate their tensile strength. After fixing the sample in appropriate position, the load is applied 

gradually by the hydraulic mechanism.  For tensile test the graphs of load vs stroke for each sample were obtained from the machine 

this shows the variation of load bearing capacity with respect to stroke length. For each sample the plot was analyzed and investigated 

that at how much stroke length the sample has maximum tensile load carrying capacity. 

        

Fig4.A and B specimen after the tensile test (top view) and specimen after the tensile test (side view) 
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Fig4.C A specimen after the failure 

Case 1;         Case2; 

                          

 

Case1: The graph shows the variation of load with stroke length. The stroke length varies from -4.9952 to 3.8892 mm, a total of 

8.8944 mm. The load varies from   -1.2771 kN reaches a maximum of 3.1642 kN and then falls back to -0.1278 kN. The maximum 

load occurs at a stroke length of 0.4887 mm. 

Case2: The graph shows the variation of load with stroke length. The stroke length varies from ï4.996 to 3.02 mm, a total of 8.016 

mm. The load varies from -0.9842 KN reaches a maximum of 5.3899 KN and then falls back to 3.5608kN. The maximum load occurs 

at a stroke length of 0.5765 mm. 
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