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Abstract— Every year millions of pilgrims gathén the small city like NASHIK for Kumbhmela, or in Amarnath or in the Hol
area of Kashmir, India, to perform the rituals of GODs. Finding the position and movements of such a large number af p
important to the pilgrims themselves and the autiesrimanaging the whole event. This paper deals &inmealpilgrim tracking or
finding system that has been designed and implemented. The system relies on a dedicatektrdelayireless sensor network
(WSN). This WSN is interfaced to the Internetathgh lots of gateway(s) available from an internet service provider (ISP). En
efficiency is most important factors in designing such system but there are few more like robustness, and reliabilitgrifaish p
given a mobile sensor unit which inckgla GPS chip, a microcontroller, and antennas. A network of fixed units is installed i
Holy area for receiving and forwarding data. After a fixed period of time, each mobile unit sends its user identificajiciatftuide,
longitude, and a time @mp. A central server maps the latitude and longitude information on a geographical information system
The developed system can be used to track or find a specific or a group of pilgrims.

Keywords— Kumbhmela season, pilgrim tracking, wireless senstwork (WSN).
I. INTRODUCTION

Kumbhmela or Holy area of Kashmir or Amarnath yatradrHJ ( Pi | gri mage) is the worl d’ s

It has unique characteristics with regards to the people who attend (pilgrims), the plaoeeéten, and the rituals they perform|

Such a setup poses a real challenge to the authorities in managing the crowd, and tracking/identifying people. Whatvarak
more challenging is that all pilgrims move at the same times and to the same pladéamiihmela authorities control the quotas fq
pilgrims from each country. Yet, the number of visitors exceeds 6 million per year. This number is expected to reacn 10 tindli
near future. While Kumbhmela is a unique spiritual experience for afimigit poses major challenges of all sorts to the authorit
responsible for facilitating this annual event. Some of the major difficulties facing pilgrims and the authorities alite: in
identification of pilgrims (lost, dead, or injured), medicale¥gencies, guiding lost pilgrims to their respective camps, and conges
management.

For such a scenario, there is a need for a robust tracking system for pilgrims. Thus, the idea of using wireless sekgbtYSEjwg
for tracking pilgrims was initiatd [2] because passive and active RFID systems have been tested in the past with limited

(details of these experiments are discussed in [1]) and also other approaches suchlaasetatyacking systems are not suitable f
a large crowd as in thipplication. Here, we propose a tracking and monitoring system that consists of small portable wireless
units carried by pilgrims and a fixed infrastructure of wireless network capable of gathering, processing, and routiatioimform
locationsand time stamps of the pilgrims. This paper focuses on the design, implementation and testing of a real time pilgrim
system. The paper is organized as follows: Section Il gives the overview of literature survey of already proposed anaechp

system. Section Il describes the proposed design of the mobile units and the WSN. The proof of concept for the sysissedsinlis

Section IV. Some concluding remarks are discussed in Section V.
Il LITERATURE SURVEY

In wireless sensor network trackisgstem uses a delay/disruption tolerant design. There are mobile units as well as fixed unit
is because we have to create adhoc and fixed sensor network. The nodes in this network used to transmit and receir®tite
the network. In wirelessetwork energy efficiency is very important point because all nodes and devices are portable and t
battery backup this will be a major threat to the tracking and identification of pilgrims. Also low bandwidth is verypointidlhere
are some rearchers who already work on tracking of position of peoples in crowd and send the information within the hetw
Mohandes [3], putted the problems and difficulties facing the pilgrims and the Hajj authorities have also been onaspecsaly
in crowd control and the prevention of accidents. A significant number of pilgrims die due to both accidents and nawjrahdaais
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large number get lost in this extremely crowded gathering. The authorities are faced with the problem of identifygag tredd
injured pilgrims as well as helping those who get lost during the Hajj. In this paper, a solution based on RFID techhelpdiie¢o
Hajj authorities in the identification of pilgrims is developed. A pilot study is performed on 1000 pilgrim$visomCoast to prove
the concept and get feedback on the performance. S. Mahlknecht, S.A. Madani,[4], The container trade faces a lote¥ c
comprising of container tracking, real time monitoring and intrusion detection, real time theft repoethgnism, and status
reporting of shipment items. While in principle the above functionality can be provided by state of the art industriaingnor
systems, it does not provide the advantages in flexibility and cost of wireless sensor networks (iM&M#ination with GSM and
GPS/Galileo technologies, WSNs can result in a system capable of tracking and monitoring of containers in the real timeel N
Mohandes Digest of Technical Papers [5], developed a system for the tracking and identificpilgrina$ in the Holy areas, in
MakkahSaudi Arabia, during Hajj (Pilgrimage). The area is already covered by a sophisticated 3.5G network by several
providers. Upon request or periodicall y, timésammdadlsarnderemaps the
latitude and longitude information on a Google map or any geographical information system. If the Internet connectitimreis
mobile phone stores the location information in its memory until the Internet connectioroigdethen it sends all stored locatio
information and clears this information from memory. The developed system can be used to track a specific pilgrim. é\tenmgati
pilgrim can request emergency help using the same system. M. A. Haleem, C. N, iathK. P. Subbalakshmi [6], in this pape
there is study of a joint distributed data compression and encryption scheme suitable for wireless sensor networks duaipe rineve
structured encryption system of advanced encryption standard (AES). ThieutBstrcompression is achieved as per the Slepi
Wolf coding theorem, using channel codes. Core to achieving optimal compression in the joint compression and encrgpti
preservation of correlation among different blocks of data despite applyypgographic primitives. It is established that th
correlation between sources remains unchanged when cryptographic primitives, namely key addition and substitution are
However, as a requirement of security in the encryption, any correlationdretwe inputs to a encryption system is removed wi
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diffusion techniques. Compliance to the requirements of diffusion layer of AES cipher is achieved by designing the compressi

function so as to maintain branch number property.

Our proposed system hagiisome advantages over the existing system like:

[1['Heath monitoring is first time being implemented in the tracking system.

[/ Bluetooth range used in mobile is for 10 m only, but Zigbee range is 30 m and can be varied.
[1['Bluetooth is used for single pair, but multiple tracking is possible in our project.

L[ Efficient way for wireless data logging of hazardous applications.

[1[Less time delays and Quick response time.

[1[Fully automate system robust system, Low power requirement.

Ill. SYSTEM DESIGN

The wireless sensor network created for the pilgrim trackiystem uses a delay/disruption tolerant design. There are mobile un
well as fixed units. This is because we have to create adhoc and fixed sensor network. The number of mobile unitsdoeieisnd
significantly large compared to the fixed wiThe mobile units are used to capture the movement of pilgrims. Thus, the WSN fg
application has similarity to the ZebraNet [3] designed for habitat monitoring. It makes use of opportunistic,, @ud shomtange
wireless communications to dissimate data. Ad hoc networks increase total network throughput by using all available nod
forwarding and routing. Therefore, the more nodes that take part in packet routing, the greater is the overall bandshioitter tise
the routing paths, aritie smaller the possibility of a network partition.

In our application, each pilgrim carries a matchis@zed mobile unit that includes a GPS receiver and an IEEE802.16.4/ ZigBee

ts as
ni
r this

es for

radio

to communicate with the network of fixed units. The fixed sensor gpoitsist of hardware and software to communicate with the

mobile units carried by pilgrims to make queries and to receive location and UID information. Further, these fixed unitécatenn
with each other to route the collected data to the tracking amitoriag station via gateway nodes. The gateway nodes are part
commercial high data rate network, such as a high speed packet access (HSPA) or any other 3.5G network. The server g
large volume of data via this high data rate network.

The mapr factors considered in the design are energy efficiency and reliability. The mobile units are battery powered and t
require energefficient hardware and software. This can be achieved by optimizing the data volume and signal proceg
minimize energy consumption. One technique is to minimize the duty cycle (percentage of time the mobile node is of
sleep/awake protocol. The fixed units, on the other hand, do not necessarily have strict restrictions on energy ang |pooesss
They nay, for example, drawenergy from the power supply of the street lighting system. Nevertheless, their communication
limited in a similar way to the mobile units due to regulations on emission and coexistence issues with other wirel&ssimétevor
area.
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The location information of a pilgrim carrying the mobile unit along with the time stamp and UID are transmitted to #idfiiredre
sensors periodically, or in response to a query originating from the monitoring station. Periodic transmiss@atipafinformation
facilitates continuous monitoring but leads to increased power consumption and bandwidth occupancy. Instead of p
transmission, a mobile unit may wait to respond to a query generated by the tracking station. However, ottt ampoy delay
accessing the required information. A compromise between delay and power efficiency can be achieved by optimally sele
interval for periodic transmission of required data. The subsections to follow elaborate on the mobile anditfidesign, sensor
network configurations, and protocols involved in the WSN based tracking system.

A. Mobile Sensor Units

The mobile units are battery powered and therefore require gffi@ent hardware and software. Intuitively, the amount of sign
processing and data volume to be transmitted in the mobile unit should be kept minimal. In general, there are three aspe
nodes and the network which impact energy consumption. These are: the number of descendants in the routing

tree, radio duty cycleand role of the node. In the designed WSN, most critical nodes in terms of energy are the mobile nodes
are operated by small batteries. Nevertheless, the energy efficiency of the fixed nodes are also of concern. Thusjshe glem
protocok and algorithms residing in the network, MAC, and PHY layers are designed to maximize energy efficiency and limi
interference. The components of the mobile sensor unit are shown in Fig. 1. This unit includebashafff SIRF GPS chip capable
of estimating the location information with 5 m accuracy. A microchip PIC nano Watt series microcontroller collectsftoendata
GPS chip and frames the same according to WSN protocol. An ISM band radio from Texas Instruments (Chipcon CC1180)
the location data to the fixed sensor units with a range -ef@Dm. The module also inclues a ceramic chip fractal antenna for,
radio, and a separate antenna for GPS receiver. Two lithium lon AA batteries provide the power ab€ a@Werter, frm Texas
Instruments, conditions the battery power to 3.6 V DC.

Texas Instruments ISV Microchip
band Radio cc1a100 Nanowatt
Microcontroller

SIiRF GPS
module

Fractal Antenna
forism band
Radio

GPS Active Antenna |

Fig. 1. Developed mobile sensor unit.
B. Fixed Sensor Units

The WSN is based on a set of fixed wireless nodes. Each fixed wireless node consists of a UHF high gain antenna, REF tr|
microcontroller, battery and Ethernet for interfacing to the server via internet (TCP/IP connection).Whenever there islaca¢ed t¢
pilgrim, the fixed units broadcast his/her unique UID. Each mobile unit checks whether this UID matches its ownislatheateh,
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the mobile unit sends an acknowledgement while others remain silent. Subsequent protocol ensures that the appropriate loc

information is sent to the fixed node which in turn sends it to the server. To keep the overall software mansggtenth&mple, we
did not consider any data encryption at this stage since only UID (known only to authorized officers at the centrairserstmp,
and location information are sent across the network.
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@ Sensing Only
O Sensing and Routing

@ Sensing, Routing, and
— Gateway
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@ Sensing Only
O Sensing and Routing

@ Sensing, Routing, and
Gateway
{_ B} Base Station
Mobile Node

(b)

Fig. 2. (a) Sensors configuration under piilgrim trail scenario. (b) Sensors

configuration under the congregation scenario.

C. Node Configuration in the WSN

All nodes in the fixed WSN are made identical to keep the deployment, configuration and reconfiguration process simyhe U
proposed cofiguration, the different nodes are classified either as sensing only, sensing and routing, or gatewayorensides
receive queries from the network; collect data from the mobile units in the vicinity, then send the data to nearbyrsaddbion o
sensing, some nodes function also as routers. Moreover, few strategically placed nodes are selected to communicatéhigith
communication networks. Fig. 2(a) and (b) show two different deployment scenarios: long a pilgrim trail, andjne gatiom.

D. Protocols and Algorithms

The minimization of energy consumptions highly relies on the processing and communication requirements of the proto
algorithms at various layers of the WSN. Consideration of the elements at all layers with Eysoslesign approach is vital to th
overall efficiency of the network. At the PHY and MAC layer levels, the duty cycle of the nodes (the ratio of ON to O#$) jperi
reduced by using a modified carrigense multiple access (CSMA) protocol. By sempsind detecting whether there is activity on th
channel, a node may sleep and periodically sample the channel. If a node detects incoming energy on the channel,ki¢ $tay
receive the packet. Because the transmitter might repeatedly send a plaeketceiver must be awake during at least o
transmission of the packeta scheme commonly called lepower listening (LPL)-inspired by ALOHA with preamble sampling.
The node’'s duty cycle using LPL depenglsationand sehser samplimjrate. Multi
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hop communication is used to route information. Multihop communication yields reduced power consumption and scalabili

advantages. Under the simplest scenario, all location queries are sent by a single matiatiioimgOne important challenge is th
design of an optimal routing protocol for sending a query to a particular pilgrim. Along with other criteria, this prapcsenprior
knowledge about the location of the person being queried. Another challghgedissign of a protocol to include parallel routing ¢
multiple queries to minimize the latency resulting from multiple queries. To simplify the complexity, the mobile unitsenay
flooding protocol so that a group of closest fixed sensors receiveatne data. The data is stored and routed through the
multihop route to the tracking and monitoring station. The flow of commands in a typical query for a given pilgrim id autfige
3.
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Monitoring Station
initiates query
for a pilgrim

&

Query routed to
pilgrim using optimal
protocol

-

Each sensor node
routing query waits
for predefined
time period

Route the most
recent information
about pilgrim to
querying station

Pilgrim’s
response
received ?

Sensor Routes the
response to querying
station

- |
A 4
Sensor node
resumes periodic
broadcasting of self
information

Fig. 3. Flow of commands for querying a pilgrim.

An important cost function used in the design of efficient routing protocols is discussed in [7]. For node i, this cost fugieton i
by

koo
b | 03— Z;i—o 6j/k
C(power) = ¢ _ )
\/ZJZU (QJ—)/A - Zj:() (S_]l'

Where k is the number of neighbors of node, Si is the duty cycle of node, and is the duty cycle of neighbor. Tiseconsidered
only if it is equal or less than the cost value of the parent node in the routing table.

The history of location information is retained and used in subsequent computations for increased energy efficiencyeand
computational load. Momver, the use of previous location information minimizes latency in responding to future queries. An
aspect is the efficient inetwork processing of data. This includes data encryption and compression. Even though we did not @
encryption at tts stage, a joint data compression and encryption scheme can be used to achieve high security and goa
efficiency [8]. The benchmark standard for such implementation is the IEEE 802.15.4/ZigBee protocol suite for low kb
communications.
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IV. SCHEME DESCRIPTION

To implement the system we divided the system into two parts one is pilgrim unit and other is server unit. We havge tak

microcontroller ARM7 2138.This has different units like IR sensors, LCD display, GPS, ZIGBEE, buzzer and emergsndjh&e
sensor senses the signals from pilgrims units which are to be tracked and has analog to digital converter of 10 lyjtsmTthet pi
stores the digital data in microcontroller RAM. After this ZIGBEE is used to send the data to the desktofRBZ32aOn desktop
PC we have installed VB software which is used to access data from storage.

The block diagram of pilgrim unit and server unit are shown in fig 4 and fig 5.The description of units is as follows.

LM34 | Signal LCD DISPLAY
:> Conditioning :> :>
Block-1 C
M
5 = GPS
IR gl ARM-7| %
M Conditioning j
Block-2
5138 | (=  ZIGBEE
Emergency |— ) BUZR
Keys

Fig 4: Block Diagram of Proposed SystéRilgrim Unit)

21GBEE | —— PC

Fig 5: Server unit
A. Pilgrims Unit

The pilgrim unit is combination of different individual parts which perform together to track the pilgrims. The sensobedyise
temperature and pulse rate of the body will be sensed and countechpgrature sensor LM34 and pulse rate sensor IR obst
sensor. The emergency keys has Keypad with 4 keys is used for emergency alertness. If the pilgrim himself will feethhag s
wrong is happening with him, then he can use this facility. Pilgrirare he can ask 4 predetermined questions to the base camp
Lost, Help, water and oxygen. The buzzer is used in case of emergency. When the emergency keys are pressed the bh@Xer \
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The signal conditioning given to sensor LM34 and IR Obstaehsor. Signal conditioning given to sensor converts the input values

compatible to the ARM7.For example if input voltage given by the sensor is 20 V but controller only needs 5V.Then
conditioning circuit converts the voltage 20V to 5V. The LPGt8ntain two ADCs. These converters are singlbdit8uccessive
approximation ADCs with eight multiplexed channels. ADC converts analog signal to digital signal. DAC does it vice versa.

ARM 7 is the heart of the project, which contains ADC and DAC inbliilmonitors the whole program given to the project. The

values of health parameters will be continuously given to the LCD to display. The UART 0 and 1 which is used here isersad
communication. It transmits and receives the data lines. Is gheedata lines to the LCD, and receives the data lines from GPS.
GPSPROGIN is used in this project. GPS receiver provides high position, velocity and time accuracy performances as wel
sensitivity and tracking capabilities. GPS finds outlt@ation of the pilgrim. The GPS is used to log thegitrde and the latitude of

sign:

for
The
as h

Pilgrim which is stored in the pc memory. The ZI GBEE wuni't

parameters and the location of Pilgrim and also if any emergency then that will be communicated tossegvEIGBEE. The
ZIGBEE-S1 is used for the wireless communication between pilgrim units to server unit. The data collected BylikRKealth
parameters like body temperature and pulse rate and GPS coordinates are transferred to the PC through ZIGBEE.

B. Server Unit

In server unit VB Graphic User Interface (GUI) is used. In server unit all the location, body parameters are transferedtq t

through the ZIGBEE .In PC all the data of each pilgrim is sorted out in VB. The information of the pilgtored in UID form. So
the information will be kept secured.

Upon receiving the SMS, the VB s/w sorts the Pil griaygdsin
this way the official’ s EaenweknakiegpXBBE basedanetworkddr endrbnment appdication .H

ager |

we have master and slave structure for the Application .The range of XBEE is about 30 mtrs. So, the whole area cameat log qove

a single Master slave combination .For this we are riinge¢he whole mine by a master and slave combination. We have a mai
master terminal which has the VB software on it .The PC master terminal is used to monitor the status of all the slas@gevehi
the whole area.

n PC
th

At master terminal we are receiginlata from pilgrim units. In Visual Basic software we gather all data and separate it in VB soffware

and store it in excel format. When we want to access data of all pilgrims we can generate that excel file via VB software.

Collision Avoidance protocol:

Here we are using a master Request and slave response protocol. In this system the Master sends the request t@tes.dlh the sl

the request frame the master mentions the slave ID. The request frame is received by all the slaves who are instangs.\iltiee
are in range receive the incoming frame and store it in its internal RAM memory. Then they check for the slave ID.dinihg in
slave ID matches with their own slave ID then they Accept the 28 frame and send the parameter back to tHaheafataes not
match then the slave discards the frame.

Cooperative communication:

O

Here we are using the cooperative communication technique to make sure that the slave is always in range of the migstex. For t
use two sub masters units. Thesesuaite basically repeater unit which will enhance the data signal when the slave is not in range o

the master. Here the request is first given to the sub master. The frame transmitted by PC master will contain the isiudsnasster
as the slave id frowhom the data is to be retrieved. The sub master upon receiving the frame will then check for the slave id
retransmit the frame as it is. If one of the sub masters fails then the other sub master can also send the datasi&tee other

Simulation Results:

The simulation of above experiments has been taken and it exactly detects the pilgrims and tracks them in crowded
experiments has taken on ARMwhich has sensing units to sense the body temperature and the data will sent ifodigitatio the
server unit where it has processes for tracking. The figure 6 shows the simulation results.
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In addition to tracking pilgrims, the system can also help in detecting areas with high congestion so that proper nects@esca
relieve such bottlenecks. Special software can be developed to recognize such congestions and alert authorities about these.

CONCLUSION

It is clear that the design and implementation of a system can be used for tracking and monitoring glgrighng\marnath,
Kumbhmela season in the Holy area of Kashmir, Nashik. The system consists of mobile units carried by pilgrims and aléged
sensor network. Based on some preset parameters, the WSN communicates periodically location inforpilationsab a central
server. The communication between mobile units and the WSN relies on the Zigbee protocol. The design provides an op$ior
an alarm button on the mobile unit) for pilgrims to request help in case of emergency. The locativatiofis mapped onto a GPS
system for ease of localization and efficiency in providing help. It can be concluded that the system will be robuabndwveti in
dense urban areas.
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