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Abstract: In wireless sensor networks, mobility and pause time have a major impact that directly influences the
energy consumption and the lifetime of the network. This paper analyzes the performances of three
hierarchicals protocols LEACH, LEACH-C and PEGASIS with respect to different mobility models under
various pauses time for wireless sensor networks. In fact, the evaluation is based on metric performance such as
packet delivery ratio (PDR), average throughput, consumption and lifetime network in a simulation environment
NS2. Simulation results show that PEGASIS for mobility Random Waypoint model (RWP), Manhattan model
(MANHT) and Gauss Markov model (GMM) under different pause time outperforms existing protocols LEACH
and LEACH-C in terms of saving energy and the overall lifetime of the mobile network. As we analyzed in all
mobility models and different pause time, PEGASIS performs well for average end to end delay compared to
LEACH-C and LEACH respectably, also LEACH-C shows improved average throughput than LEACH and
PEGASIS. In the same way, PEGASIS works better in terms of PDR in RWP and MANHT, while LEACH-C has
the best PDR in GMM.
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I.  Introduction

The mobility in wireless sensor networks imposes the major challenges for researchers in the
conception of routing protocols. In the same network of sensors, some applications demand environments
composed of static and mobile nodes, while others request complete mobile environment[1][2]. Therefore,
mobile WSNs require effective mechanisms to resolve limited resources of sensor node in term of storage,
power and radio capabilities due to his small size. In order to improve the energy consumption and increase the
lifetime of dynamic wireless sensor networks, many hierarchical-based routing protocols like LEACH-Mobile
protocol, LEACH-Mobile Enhanced (LEACH-ME) protocol and CBR-Mobile protocol are developed to support
and manage the frequent mobility in term of packets loss by adapting TDMA time [3] [4] [5] [24]. In addition,
The authors of [25] treated the comportment of W-LEACH Decentralized based on a number of neighbors to
reorganize node density after that it selects active nodes and those which remain asleep in a decentralized
manner. To optimize clustering protocols in order to determine the moving pattern of the mobile node, various
mobility patterns and different metrics should be considered in the conception [6] [7]. In this research paper, the
study of the performance of the LEACH, LEACH-C and PEGASIS routing protocols according to the mobility
model: Random Waypoint (RWP), Manhattan (MANHT) and Gauss Markov (GMM) will be investigated as a
function of various pause time. Then, the performance of these protocols is evaluated through the following
parameters : packet delivery ratio, throughput, average end to end delay, network lifetime and energy
consumption. The paper is structured as mentioned bellow: Section 2 covers the study of the literature on
various hierarchical routing protocols (LEACH, LEACH-C and PEGASIS). Section 3 describes the mobility
models and their scenario’s creation that are based on with the definition of associated metrics. Finally, we
conclude our contribution in section 4.

I1. Hierarchical Routing Protocols In Wireless Sensor Networks
This section highlights briefly the features of LEACH, LEACH-C, PEGASIS routing protocols :

2.1. LEACH
In [8], Heinzelman et al. proposed the original routing protocol used in wireless sensor networks called
LEACH(Low-Energy Adaptive Clustering Hierarchy). To achieve energy-efficient, this hierarchical network
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routing divides the network into clusters, chooses the cluster head (CH) for each round in the setup phase,
aggregates and sent data to the base station (BS) in steady phase [9] [10]. In classical hierarchical-based routing
protocols, the cluster head is selected only as a function of a random value generated when it is below a certain
threshold. Due to the random selection, different types of traffic occur at each CH. As a result, CHs will spend
their energy and network performance either affected. However, LEACH protocol suffers from the problem of
no uniform distribution of the CH nodes and cannot guarantee the data reception at each CH by moving.

2.2. LEACH-C

LEACH-C is a centralized version of LEACH protocol [11] [12]. In setup phase, each node transmits
their location information and level energy to the base station (BS). The BS calculates the average energy and
the node that has higher energy than average, it becomes a cluster head by using the Simulated Annealing
algorithm (SA). The steady phase is similar to that of LEACH protocol. In addition, LEACH-C protocol is used
to improve the LEACH protocol because the number of the cluster heads ‘CHs’ in each round is equal to a
predetermined optimal value, but in LEACH protocol the number of the cluster heads ‘CHs’ varies from round
to another which is due to lack of global coordination between different nodes in the network.

2.3. PEGASIS

To enhance LEACH protocol, PEGASIS (Power-efficient Gathering in Sensor Information System)
[13] is used as a near optimal chain-based protocol to which it forms a chain among the sensor nodes. Each node
transmits data through the close neighbors and takes turns being the leader in transmission to the base station.
The operation of PEGASIS protocol can be done in two phases: chain construction and gathering data. So,
PEGASIS protocol is affected by some problems:
- The energy level of CH selected is not taken into consideration
- Far location of BS from the selected CH.
- Excessive delays and consumption energy caused by the communication of distant nodes.

I11. Mobilitys Scenario’s Creation
After evaluating the performance of the tree hierarchical protocols LEACH, LEACH-C and PEGASIS in a
static environment [10], we are trying in this study for various mobility models such as Random Way Point
Model, Manhattan Grid Model and Gauss Markov Model to measure the performance of these hierarchical
routing protocols under varying pause time, according to the following metric parameters: Packet Delivery Ratio
(PDR), Average Throughput, Average End-to-End Delay, Number of Alive Nodes and Energy Consumption
[20]. The following mobility scenarios are created by means of the BonnMotion Tool [15] [14].

3.1. Random Waypoint Mobility Model (RWP)

The Random Waypoint Mobility Model [16][17] [13] [18] [19] is a random model which the nodes
move to the destination on every time with velocity chosen uniformly randomly from [0,vmax], where vmax is
the maximum allowable velocity for every mobile element. When each node reaches the destination, it takes a
pause time and after chooses a new direction randomly. Then, the process being repetitive until the simulation
ends. As similar in [20], the following command is used to generate a Random Waypoint scenario (RWP) with
100 nodes randomly moving for 3600 seconds where initial phase of 3600 seconds is cut off on an area 100*100
meters :

/bm -f rwp RandomWaypoint -x 100 -y 100 -i 3600 -n 100 -d 3600

The results that follows are created :

rwp.movements.gz : contains the mobility scenario data in the internal BonnMotion format.

rwp.params: contains mobility parameter for the scenario.

To convert the BonnMotion movements file to a NS2 readable file, the following syntax will be used:

J/bm NSFile -f rwp. The files rwp.ns_params and rwp.ns_movements were produced for Random Waypoint
scenario.

3.2. Manhattan Grid Mobility Model (MANHT)

The reference [21] introduced the Manhattan Grid model which indicates that the paths that are already
predefined. This movement is based on horizontal and vertical streets allowed along a grid topology.
The corresponding mobility model was created by :
./bm -f manht Manhattan Grid -n 100 -d 3600 -i 3600 —x 100 —y 100 —u 2 —v 3 when -u, -v : Number of block
between the paths.
The results created were converted using the same previous commands and the corresponding files to this
scenario manht.ns_params and manht.ns_movements were generated.
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3.3. Gauss Markov Mobility Model (GMM)

Gauss-Markov Mobility Model (GMM) [22] [23] applies the tuning parameter, alpha <, to adapt
different levels random. Each mobile node is assigned to an initial speed and direction. At limited interval of
time, a new value of speed and direction are calculated for each mobile node based on the previously calculated
value. This process is repeated at the time of simulation and it’s described by the following equation.
V,=aVu 1+ —a)u+/(1-a)x, ;1)

& ;. tuning parameter for randomness variance.

u - constant that represents the average value of speed and direction respectively.

x,_4: random variable from the Gaussian distribution.

Based on the previous parameters, the Gauss-Markov mobility model was generated by:

./bm -f gmm GaussMarkov -n 100 -d 3600 -i 3600 —x 100 —y 100

These files of this Gauss-Markov mobility model are : gmm.ns_params and gmm.ns_movements.

IV. Simulation Results
In this section, using NS2 and mobility models Random Waypoint Mobility Model (RWP), Manhattan
Grid Mobility Model (MANHT) and Gauss Markov Mobility Model (GMM), we compare the performances of
LEACH, LEACH-C and PEGASIS protocols under different pause time. The tool BonMotion-2.0 [15][14], with
random speed choosing from the range [Sm/s , 20m/s] is used to generate the various mobility scenarios. The
resulting trace files are converted to ns2 format and are analyzed by using awk scripts. For performance
comparison, we take into account the simulation parameters in the following Table 1.

PARAMETER VALUE
Number of Nodes 100
Simulation Time 3600 s
Routing Protocol LEACH, LEACH-C, PEGASIS
Base Station (50,175)
Mobility Models Random WayPoint, Manhattan
Grid, Gauss Markov
Pause Time (s) 20,40, 60, 80, 100
Link Layer Type LL
Packet Size 512 MB
Queue Length 50 Packets

Table 1. Simulation parameters

The simulation was carried out for homogeneous nodes distributed randomly in the area of 100 m x 100 m with
an initial energy of 2 Joules. The energy model used is given by:

E L = EQIQC + E}rs* d2 ,d < dﬂ (2)
@A) TN L % B + Empx d* ,d 2 dy
Erx(.a) * Energy expended to transmit an L bit message over a distance d.
E.1ae ©  Energy electric of transmitter or receiver

. Es.
Efs Emp - Energy spent in amplifier over distance d, Which dg= f f‘jemp

The energy expanded in receiving L bit message is given by: Epx(r.4)= L X Eqjec (3)

4.1. Packet Delivery Ratio (PDR)

This metric represents the percentage of the number of packets delivered by the number of packets
sent. The high value of this parameter indicates that the corresponding protocol is better. Consequently, the
network becomes less congested. Figures 1(a), 1(b) and 1(c) below show the results of various simulation
experiments to measure packet delivery ratio at different pauses time for LEACH, LEACH-C and PEGASIS
protocols under three types of mobility (RWP, MANHT and GMM).
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Figure 1(c): Packet Delivery Ratio vs Pause Time for GMM

As the pause time increases, the packet delivery rate slowly decreases for any mobility in the LEACH
and LEACH-C protocols. In PEGASIS protocol, the PDR remains constant and unchangeable in all mobility. In
the RWP model, the minimum packet delivery ratio occurred under high mobility at 20s pause time at which the
ratio is 2,22 for LEACH, 1,86 for LEACH-C and 3,38 for PEGASIS, while the maximum PDR occurred at 80s
pause time at which the ratio is 2.55 for LEACH, 1.86 for LEACH-C and 3,38 for PEGASIS. In the MANHT
model, the minimum packet delivery ratio occurred at 100s pause time at which the ratio is 2.3 for LEACH, 1.88
for LEACH-C and 3.38 for PEGASIS, while the maximum PDR occurred at 80s pause time at which the ratio is
2.47 for LEACH, 1.88 for LEACH-C and 3,38 for PEGASIS. In addition, PEGASIS is the best protocol because
it maintains a high packet delivery rate compared to the LEACH and LEACH-C protocols for the RWP and
MANHT models. In the GMM model, the minimum packet delivery rate occurred at a pause time of 100 s, at
which the ratio is 2.1 for LEACH, 3.99 for LEACH-C and 3.38 for PEGASIS, in mean time the maximum PDR
occurred at 60s pause time at which the ratio is 2.35 for LEACH, 4.1 for LEACH-C and 3,38 for PEGASIS.
Therefore, LEACH-C outperforms PEGASIS and LEACH respectively in terms of PDR by maintaining its high
values for all scenarios of pause time especially for this model.

4.2. Average Throughput

Throughput measures the rate at which data packets are sent through the network until reached the
destination in a unit of time. As shown in figure 2(a) below, LEACH-C shows an improvement of 0.92% to
1.23% average throughput than LEACH and from 4.89 % to 5.12% than PEGASIS in Random Waypoint model.
For Manhattan model, LEACH-C shows an improvement of 0.8% to 0.92% average throughput than LEACH
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and from 5.1% to 5.23% than PEGASIS as indicated in figure 2(b). For Gauss-Markov model, the figure 2(c)
shows that LEACH-C has an improvement of 1.86% to 2.23% average throughput than LEACH and from
8.84% to 9.6% than PEGASIS. In all scenarios, PEGASIS has the lowest average throughput than that of others
and still sustainable an a one value. Then, the results show that LEACH-C protocol has been outperformed
LEACH and PEGASIS protocols with various pause time and different mobilities. So, we can see that LEACH-
C protocol produces best capacity of network to lead data packets successfully.
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Figure 2(c): Average Throughput vs Pause Time for GMM

4.3. Average End-to-End Delay

This average represents the time related to the transmission of the data packets from source to
destination. It includes total time caused by retransmission, propagation, buffering and queuing, etc.
From the Fig.3, we observe: In RWP model, LEACH shows an improvement of 0.76% to 1.23% average end to
end delay than LEACH-C and from 4.07 % to 4.13 % than PEGASIS. In Manhattan model, LEACH shows an
improvement of 0.76% to 1.46% average end to end delay than LEACH-C and from 4.05 % to 4.51 % than
PEGASIS. In Gauss-Markov model, LEACH shows an improvement of 0.76% to 1.31% average end to end
delay than LEACH-C and from 4.09% to 4.13% than PEGASIS. Concern all mobility models, we note that the
average end-to-end delay remains stable when the pause time increases and has the lowest value for PEGASIS
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protocol. As it can be seen, PEGASIS protocol in the mobility environment can be used to have better

application performance and better ¢

ommunication speed.
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4.4. Number of Alive Nodes

The figures 4(a,b,c) show the results of different simulations experiments to measure the number of
alive nodes at various pause time (100s, 60s, 20s)for LEACH, LEACH-C and PEGASIS protocols in each round
and under mobility environment. From 0s to 475s of simulation time, the number of alive nodes died quickly in
the LEACH and LEACH-C routing protocols. On the other hand, the number of live nodes remains stable in this
period for PEGASIS protocol, then it begins to decrease which the simulation time changes from 475 to 1600 s.
For higher values of pause time (100s), PEGASIS in MANHT mobility has a high number of alive nodes
compared to LEACH and LEACH-C in RWP and GMM mobilities. For average and lower values of pauses
time (20s and 60s), the three protocols presents the same evaluation of number of alive nodes in each round.
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4.5. Energy Consumption

The figures 5(a,b,c) plot, in each round, the energy consumed (in joules) of three routing protocols
LEACH, LEACH-C and PEGASIS for various pause time (20s, 60s and 100s) under different mobility models.
For all mobility models, energy consumption is increasing as the pause time increasing. It is totally consumed in
time 450s for LEACH and LEACH-C protocols and in time 1500s for PEGASIS protocol. For PEGASIS,
energy consumed is less in mean time compared to LEACH and LEACH-C protocols for each round in the
mobile environment and at various pause time.
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V. Conclusion

To illustrate the performance of the three protocols LEACH, LEACH-C and PEGASIS for wireless
sensor network under three mobility models with various pause time, it is demonstrated obviously that LEACH-
C protocol has a good throughput compared to LEACH and PEGASIS. Also, it is shown that LEACH-C
maintained high value of PDR in GMM, but it had a lower value in RWP and MANHT. And for mobility
models Random Waypoint and Gauss Markov within various pause time, simulation results show that PEGASIS
outperforms existed protocols LEACH and LEACH-C in terms of energy consumed and it gives well average
end to end delay. At Manhattan mobility, it is obtained that PEGASIS has especially a good network lifetime of
the mobile. We can also conclude that PEGASIS is the better protocol for the environment of mobility RWP and
GMM.

References
[1]. X. Lai, Q. Liu, X. Wei, W. Wang, G. Zhou, and G. Han, "A Survey of Body Sensor Networks," Sensors, vol. 13, pp. 5406-5447,
2013.
[2]. S. B. Awwad, C. Ng, N. Noordin, M. F. Rasid, and A. R. H. Alhawari, "Mobility and Traffic Adapted Cluster Based Routing for
Mobile Nodes (CBR-Mobile) Protocol in Wireless Sensor Networks," in Ad Hoc Networks. vol. 49, pp. 281-296, 2010.

[3]. Kim, D.S.; Chung, Y.J. Self-Organization routing protocol supporting mobile nodes for wireless sensor network, First International
Multi-Symposiums on Computer and Computational Sciences (IMSCCS 06), Hanzhou, Zhejiang, 2006, vol. 2, pp. 622 - 626.
[4]. Priti Kumari, M. P Singh, Prabhat Kumar “Cluster head selection in mobile wireless sensor networks: a survey” ICACC, 2013.

[5] SamerA. B. Awwad -CheeKyun Ng -NorK.Noordin - Mohd. Fadlee A. Rasid, “Cluster Based Routing protocol for Mobile Nodes in
Wireless Sensor Network”, Wireless Pers Commun (2011) 61:251-281.

[6]. Cheng, Hui, et al. "Stability-aware multi-metric clustering in mobile ad hoc networks with group mobility." Wireless
Communications and Mobile Computing 9.6, pp759-771, 2009.

[7]. Jian Chen, Tao Sun, Deshi Li, Zhihui Yin, "A Distributed and Effective Cluster Routing Protocol of Sensor Networks", Intelligent
Networks and Intelligent Systems, International Workshop on, vol. 00, pp. 271-275, 2008

[8]. Heinzelman, W. R., Chandrakasan, A., and Balakrishnan, H.“Energy Efficient Communication Protocol for Wireless Microsensor
Networks.” In Proceedings 33rd Hawaii Inter-national Conference on System Sciences, 3005-14, 2000.

[9]. Bandyopadhyay, S.; Coyle, E.J. “An energy efficient hierarchical clustering algorithm for wireless sensor networks", INFOCOM
2003. Twenty-Second Annual Joint Conference of the IEEE Computer and Communications. IEEE Societies, Vol.3, pp.1713 -
1723, 2003

[10]. Hassan ECHOUKAIRI ,Khalid BOURAGBA ,Mohammed OUZZIF, “Evaluation and Comparative Study Routing of Wireless
Sensor Networks Hierarchical Protocols”, Journal of Communication and Computer 13,d0i:10.17265/1548-7709/2016.03.005,
pp140-145, 2016.

DOI: 10.9790/0661-1906016270 www.iosrjournals.org 69 | Page



Evaluation and Analysis of Mobility Scenarios with Varying Pause Time for Hierarchical Protocols ..

[11].
[12].
[13].

[14].

[15].

[16].

[17].
[18].
[19].

[20].

[21].
[22].

[23].

[24].

[25].

W. Heinzelman, A. Chandrakasan, and H. Balakrishnan, "An application-specific protocol architecture for wireless microsensor
networks”, IEEE Transactions on Wireless Communications, vol. 1, no. 4,pp. 660-670,2002.

MA, Zhenfu, LI, Guangming, et GONG, Qingchao. “Improvement on LEACH-C Protocol of Wireless Sensor Network (LEACH-
CC)”.International Journal of Future Generation Communication and Networking, vol. 9, no 2, p. 183-192, 2016.

S. Lindsay and C. Raghavendra, “PEGASIS: Power-Efficient Gathering in Sensor Information Systems”, international Conf. on
Communications, 2001

ASCHENBRUCK, Nils, ERNST, Raphael, GERHARDS-PADILLA, Elmar, et al. BonnMotion: a mobility scenario generation and
analysis tool. In : Proceedings of the 3rd International ICST Conference on Simulation Tools and Techniques. ICST (Institute for
Computer Sciences, Social-Informatics and Telecommunications Engineering), p. 51, 2010.

BONNMOTION: “A mobility scenario generation and analysis tool”, University of Bonn, [Online]. Available:
http://net.cs.unibonn.de/wg/cs/applications/bonnmotion/

J. Broch, D. A. Maltz, D. B. Johnson, Y.-C. Hu, and J. Jetcheva, A performance comparison of multi-hop wireless ad hoc network
routing protocols, in Proceedings of the Fourth Annual ACM/IEEE International Conference on Mobile Computing and
Networking(Mobicom98), ACM, October 1998.

F. Bai and A. Helmy. A Survey of Mobility Models in Wireless Adhoc Network. University of Southern California (USA), vol.
206, p. 147, 2004.

DIVECHA, Bhavyesh, ABRAHAM, Ajith, GROSAN, Crina, et al. “Impact of node mobility on MANET routing protocols
models”. JDIM, vol. 5, no 1, p. 19-23, 2007

Fan Bai , Narayanan sadagopan and Ahmed Helmy, “ User Manual for Important Mobility Tool Genrators in NS-2 simulator”,
USC, Feb- 2004

Hassan Echoukairi, Amine Kada, Khalid Bouragba, and Mohammed Ouzzif, “Effect of Mobility Models on Performance of Novel
Centralized Clustering Approach based on K-means for Wireless Sensor Networks”, International Journal of Applied Engineering
Research, ISSN 0973-4562,Volume 12, pp. 2575-2580, Number 10 (2017).

Universal Mobile Telecommunications System (UMTS) - Selection procedures for the choice of radio transmission technologies of
the UMTS, Umts 30.03 version 3.2.0, tr 101 112 ed., European Telecommunications Standards Institute (ETSI), 1998

Fan Bai, Narayanan Sadagopan, and Ahmed Helmy, “IMPORTANT: A framework to systematically analyze the impact of
mobility on performance of routing protocols for ad hoc networks,” in IEEE INFOCOM, 2003.

T. Camp, J. Boleng, and V. Davies, “A Survey of Mobility Models for Ad Hoc Network Research," Wireless Communication and
Mobile Computing (WCMC): Special issue on Mobile Ad Hoc Networking: Research, Trends and Applications, vol. 2, no. 5, pp.
483-502, Sep. 2002

Nabil Sabor, Shigenobu Sasaki, Mohammed Abo-Zahhad, and Sabah M. Ahmed, “A Comprehensive Survey on Hierarchical-Based
Routing Protocols for Mobile Wireless Sensor Networks: Review, Taxonomy, and Future Directions,” Wireless Communications
and Mobile Computing, vol. 2017, Article 1D 2818542, 23 pages, 2017

Abdelhalim HNINL,Abdellah EZZATI, Mohammed FIHRI, Abdelmajid HAJAMI, “W-LEACH Decentralized: Weighted LEACH
with a Decentralized way”, [OSR Journal of Computer Engineering (IOSR-JCE), Volume 16, Issue 2, Ver. VIl (Mar-Apr. 2014), PP
32-39.

Hassan Echoukairi Evaluation and Analysis of Mobility Scenarios with Varying Pause Time
for Hierarchical Protocols in Wireless Sensor Networks.” IOSR Journal of Computer
Engineering (IOSR-JCE) , vol. 19, no. 6, 2017, pp. 62-70

o - - = = = e = e - - ]

DOI: 10.9790/0661-1906016270 www.iosrjournals.org 70 | Page



