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Performance Comparison of Network Topologies
In ZigBee Based WPAN

Chavan S.G.,, Shirsat S.A.

Abstract— ZigBee is two-way wireless communication standard with low cost and low power consumption, developed by the Zigbee Alliance. Zigbee
network based on IEEE 802.15.4 standard offers unique advantages for wireless applications. One of the application areas of Zigbee is focuses short-
range wireless data transfer at low data rates. ZigBee networks are successfully employed in areas such as consumer electronics, home and building
automation, industrial controls, PC peripherals, medical sensor applications, and entertainment electronics. The comparative performance analysis of
star and mesh topologies have been studied and analyzed for ZigBee based networks.

The Network Simulator (NS-2) is one of powerful tool used to simulate wireless networks. The performance of ZigBee based wireless PAN is evaluated
by considering Packet Delivery ratio (PDR), Delay, Jitter and Throughput for Star and mesh topologies. Various scenarios are generated by varying
number of node on, range, mobility, simulation time and routing protocol for star and mesh topology in Zigbee Network. The performance parameters
and graphical results are extracted from the trace files. Simulation results shows that mesh wireless PAN network performs better as compared to star

networks, further packet delivery ratio decreases as the deployment area increases.

Index Terms— Delivery ratio, Delay, Jitter, Throughput, IEEE 802.15.4, Star topologies, Mesh topologies, NS-2, WPAN, WSN, Zig-bee Wireless

networks.

1 INTRODUCTION

IEEE 802.15.4 and ZigBee are protocols that provide the net-
work infrastructure required for wireless sensor network ap-
plications. In the recent years, in design of parallel computers,
Mesh based interconnection has been utilized extensively.
Flow control in interconnection networks has mainly been an
issue to prevent buffer overflow and packet loss. Packet loss
occurs when one or more packets of data traveling across a
network fail to reach their destination. The number of factors
including buffer overflow, congestion, corrupted packets re-
jected in-transit, faulty link, faulty nodes or deadlocks are the
some of the reasons for packet loss.In addition to this, packet
loss probability is also affected by down of links and distances
between the transmitter and receiver

A simulation framework for mesh interconnection network
has been designed, where the packet loss during the link
down has been analyzed. Analysis and evaluation has been
done on mesh interconnection networks on different traffic
patterns using simulation on NS2.

The paper is organized into six sections. Section 1 gives Intro-
duction .Section 2 contains ZigBee and IEEE 802.15.4 standard
details. Section 3 gives related work. Experimentation details
are mentioned in Section 4. Simulation results are presented in
Section 5. Section 6 gives the Concluding remarks.

2 Z1GBEE AND IEEE 802.15.4 STANDARD

ZigBee is low power consumption, low data rate and low cost
technology. Depending on the RF environment and the output

3 RELATED WORK

NS-2 is used to construct the topology and generate different

power consumption required for a given application, zigbee
compliant wireless devices transmit in the range of 10-75
meters and operate in the unlicensed ISM band of 2.4GHz,at
data rate 250kbps .

IEEE 802.15.4 is now detailing the specification of PHY and
MAC by offering building blocks for different types of net-
working known as “star, mesh, and cluster tree”.

ZigBee is expected to provide low cost and low pow-
er connectivity for equipment that needs battery life as long as
several months to several years but does not require data
transfer rates as high as those enabled by Bluetooth. ZigBee
can be implemented in mesh networks larger than is possible
with Bluetooth. The various network topologies supported by
ZigBee based networks are Star Topology, Peer-to-Peer To-
pology and Cluster-tree Topology .
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traffic scenarios using an exponential traffic generator. Packets
are sent at a fixed rate during ON periods, and no packets are
sent during OFF periods. Using this traffic generator, common

IJSER © 2013
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 4, Issue 10, October-2013

ISSN 2229-5518

network performance metrics such as drop probability, packet
delay, throughput and communication load are analyzed
against different buffer sizes and traffic injection rates.

In [1] Author has mentioned various implementation
aspects of ZigBee PRO.The performance of ZigBee PRO is
evaluated by data on a ZigBee PRO mesh network for point to
point multihop transmission using ZigBee PRO ZB modules.
Maximum throughput and latency had been evaluated.
Author concludes that ZigBee mesh routing with the necessity
of multiple hops results in undesirable performance,
alternatively many to one routing may provide better result.

In [2] Author has evaluated the performance of WSN
for different terrain areas and different node speed
considering Adhoc topology AODV routing. Author
concludes that implementation of sensor nodes in small
terrain areas gives better performance than large terrain areas.

In [3] Author has analyzed the packet loss in mesh
network with source routing. The author concludes that mesh
network with the traffic agent which uses acknowledgement
mechanism is more reliable. But due to transmission delay
link down will be occure.By considering more than one
parallel communication at the same time using the same path
with the same common nodes in the grid network can be
implemented as a future scope.

4 EXPERIMENTATION

The experimentation is carried out by preparing simulation
model of the ZigBee & IEEE 802.15.4 using NS-2 (Network
Simulator - 2).
To automate the simulation process several scripts have to be
written. Different scenarios are generated by varying the
deployment areas and number of nodes. As the simulation
involves star network with the coordinator always being the
destination AODV routing broadcast are not required. By
varying required parameters over the required range, the
script run the simulation scenarios. After that it performs the
required data analysis to determine packet delivery ratio.
Desired metrics are extracted from NS-2 trace files

To evaluate the performance of the mesh interconnection
networks, a simulation model has been developed in NS2 with
only built-in options. Tcl is used for specifying the Mesh
interconnection network simulation model and running the
simulation. The AODV routing algorithm is used to find the
path.

4.1 SIMULATION ENVIRONMENT

A detailed event driven simulator is developed. This simulator
models a 16-node 2-D mesh (4x4) in which routing decisions
are taken at source node using source routing methodology.
Each node is connected with point-to-point bidirectional serial
links.Figl shows the simulation interconnection architecture
model 4x4 mesh of switches.
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Fig 1. 4X4 Mesh Architecture [3]

Switches consists a slot for a resource. A resource may be a
processor core, a memory block, an FPGA, a custom hardware
block or any other peripheral devices, which fits into the
available slot and compiles with the interface with the
network. Here assumption is made that the switches in
network have buffers to manage data traffic. Figl. shows the
architecture of simulation model with 16 nodes where
connection of switches (S) and resources (R) are shown.

4.2 TOPOLOGY

A 4 x 4 two-dimensional mesh topology is modeled and
simulated using network simulator NS2. This topology is
easily scaled to different sizes. Different resources have their
unique communication addresses, so here assumed that all
switches has attached processor core as resources therefore
treated similarly except that a traffic generator can be attached
to resources. The topology has three basic elements which are
switch, resource and link. Simulation model assumes that the
each resources has infinite buffer size but finite in switches. It
means that the packet being dropped or lost cannot occur in
resources but only takes place in switches.

4.3 COMMUNICATION LINKS

An inter-communication path between the switches is
composed of links. Each node is connected with point-to-point
bidirectional links. The bandwidth and latency of the link is
configurable. When any link is down between two nodes it
implies that the packet cannot travel between these nodes in
any direction. This assumption is made and is realistic,
because bidirectional links are actually implemented by using
a single wire.

4.4 ROUTING

An inter-communication path is composed of set of links
identified by the routing strategy. This simulator models a 16-
node 2-D mesh (4x4) in which routing decision is taken at
source node using AODV routing methodology. The Fig2.
shows 2D 4X4 Mesh WPAN in NS-2.

Fig 2 .4X4 Mesh WPAN in NS-2
The Fig 3. shows the network topology of star WPAN with 16 nodes
in NS-2
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Fig 3. Star WPAN with 16 nodes in NS-2

5 SIMULATION RESULTS

The performance parameters packet delivery ratio & packet loss ratio
had been calculated by using Network Simulator-2, for different
number of nodes and different areas for wireless star networks as
shown in the tableland table 3.Table2.and Table 4 gives simulation
results for mesh topology for different number of nodes and
different areas
TABLE 1
Simulation Results of star WPAN(9 nodes)

Star Results (9NODES)
Area small medium large
Packet sent 38310 1820 1820
Packet received 37548 654 107
loss 762 1166 1713
LR 1.989036805 | 64.06593407 | 94.12087912

The simulation results show that as the deployment area increases,
the delivery ratio decreases and the packet loss ratio increases.

TABLE 2
Simulation results of 2D 3X3 Mesh WPAN

Simulation results of 2D 5X5 Mesh WPAN

2D 5X5Mesh Results

Area small medium large

Packet sent 36691 39550 39555
Packet receiv 36165 35968 35416
loss 526 3582 4139
LR 1.433594069| 9.056890013| 10.46391101

The performances of star and mesh WPAN varying number of nodes
and deployment area from small, medium to large can be represented
graphically.

The fig 4. shows integrated performance of WPAN with different
number of nodes & different deployment areas. Mesh topology
gives better performance as the number of nodes increases. Perfor-
mance decreases as the deployment area increases for both the topol-
ogies due to restricted range of nodes.
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Fig 4. Performance of WPAN (deployment area)

The Fig 5. shows the integrated performance of WPAN (Mobility)

2D 3X3Mesh Results
Area small medium large
Packet sent 39269 26582 1820
Packet receiv 36362 23864 0
loss 2907 2718 1820
LR 7.402785913| 10.22496426 100
TABLE 3
Simulation results of star WPAN(25 nodes) Ll
Star Results  (25NODES) =
Area small medium large - s s s s
Packet sent 1820 1820 1820 Fig 5 Performance of WPAN (Mobiliy)
Packet received 1755 11 653 Results show t_hat mesh network proves good _for PDR thgn star n_eF-
works for medium and large deployments. While considering mobili-
loss 65 1109 1167 ty for 9 nodes star gives better performance than mesh .It gives ap-
LR 3.571428571 | 60.93406593 | 64.12087912 proximately same packet delivery ratio for star and mesh for medium
area further delivery ratio declines for large network.
The performance of WPAN (9 nodes) with variable range as well as
deployment area is presented in fig.6 The range of node is changed
TABLE 4 from 5, 10 to 15meters.Star WPAN gives better PDR for 5-10 m
range than mesh WPAN. For large (156m) & medium (10m) deploy-
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ment area network mesh WPAN gives better packet delivery ratio
than star .
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Fig 6. Performance of WPAN (Range 9 nodes)
The fig7. shows the performance of WPAN (Range 25 nodes) vary-
ing the range as well as deployment area. The range of node increas-
es the performance also increases in case of both the star and mesh
topologies.
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Fig 7. Performance of WPAN (Range 25 nodes)

The Fig 8 shows the performance of WPAN (Range 49 nodes) vary-
ing the range. The range of node increases the performance also
increases. For the range 15m both the star and mesh topologies gives
improved PDR .

ek

-

®
B
=]~
-
24

environment. The performance parameters for the Zigbee star wire-
less network and mesh network had been compared by using net-
work Simulator-2 (NS-2).This work has considered the following
situations varying the deployment area from small to large and num-
ber of nodes from 9, 25 and 49 for star and mesh WPAN.The per-
formance of zigbee network is evaluated by considering packet de-
livery ratio by varying the parameters like range, mobility, deploy-
ment area .The Zigbee mesh topology gives better performance as
the number of nodes increases under the highly mobile environment
than star topology. Due to the multihop transmissions, routing op-
tions are available. As the scalability and number of nodes increases,
because of the congestion and interference PDR decreases rapidly
for the medium and large deployment area networks and end to end
delay will be increased this in turn affects throughput.
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