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ABSTRACT

In recent years, the home environment has seen a rapid
increase in usage of network enabled digital technologies that
offer new and exciting opportunities to increase the
connectivity of devices within the home environment for the
purpose of home automation. One of such digital technologies
is known as ZigBee which is a recent wireless standard based
on IEEE 802.15.4 used for Personal Area Networks. ZigBee is
a low-cost, low-power, wireless mesh networking standard.
The low cost allows the technology to be widely deployed in
wireless control and monitoring applications, the low power-
usage allows longer life with smaller batteries, and the mesh
networking provides high reliability and larger range. This
paper provides the performance analysis of different wireless
mobile ad hoc routing protocols like OLSR INRIA, OLSRv2
NAGATA, ZRP, AODV and DYMO based on their effect on
the quality of service by using CBR application in Zigbee
home automation network using static IEEE 802.15.4. The
QOS parameters such as data packet delivery ratio, average
end-to-end delay, jitter, and throughput are investigated as the
performance metrics. The results show that even though
AODV gives the highest throughput of 95% and receive 25
packets which is highest amongst all five protocols but still
overall OLSR INRIA is the best suited routing protocol for
CBR application of  Zighee home automation since it
produced lowest jitter value of 0.04 and lowest average end-
to-end delay value of 0.23 which are both favorable
conditions for better performance of CBR application of
Zigbee home automation network.
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1. INTRODUCTION

Wireless Sensor Networks (WSNs) are fully autonomous self-
configuring ad-hoc networks. Its new emerging applications
are related to monitoring and control in home, office,
industrial, and outdoor environments. WSNs may consist of
thousands of tiny and enormously energy-constrained nodes,
which communicate wirelessly with each other, sense their
environment, and share collaborative tasks. Due to the large
number of nodes, frequent battery replacements are difficult;
hence, the network lifetime should be in years requiring a
very careful design of communication protocols, algorithms,
and hardware platforms.

The growth of mobile computing devices including laptops,
personal digital assistants (PDAs), and wearable computers
have created a demand for wireless personal area networks
(WPANS). To meet these challenges, IEEE 802.15.4 [1] low
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rate wireless personal area network (LR-WPAN) standard has
been introduced. The goal of the IEEE 802.15.4 standard is to
provide a low-power, low-cost, and highly reliable protocol
for wireless connectivity among inexpensive, fixed and
portable devices [2] [3]. These devices can form a sensor
network or a Wireless Personal Area Network (WPAN). Thus
it suits wireless sensor network applications where a large
number of tiny smart sensors having the low power, low
range, and low bandwidth are deployed in an ad hoc manner
for the purpose of automation.

ZigBee [4] is an open specification built on the IEEE 802.15.4
Physical and MAC layer standard for low-power wireless
networking, which complements the LR-WPAN standard with
network and security layers and application profiles. For
security and reliability, ZigBee supports access control lists,
packet freshness timers, and 128-bit Advanced Encryption
Standard (AES). Different stack profiles are defined for home
control, building automation, and plant control applications.
The first version of ZigBee specification was announced in
December 2004.

This paper provides the performance analysis of different
wireless mobile ad hoc routing protocols like OLSR INRIA,
OLSRv2 NAGATA, ZRP, AODV and DYMO by measuring
parameters such as packet delivery, average end-to-end delay,
jitter and throughput on the zigbee home automation using
static IEEE 802.15.4 star topology.

The organization of the paper is as follows. Section 2
discusses related works for performance evaluation of IEEE
802.15.4 topology in various simulation environments. The
overview of zighee and IEEE 802.15.4 protocol is discussed
briefly in Section 3. Simulation set up has been discussed in
Section 4. Simulation results have been discussed in Section
5. Finally, we conclude our work in Section 6.

2. RELATED WORK

According to our best knowledge, there exist only few articles
[5] that analyze mathematically or simulate the performance
of IEEE 802.15.4. The performance of IEEE 802.15.4 in a star
network with 100 nodes was analyzed in [6]. The paper
contains a compact mathematical analysis of average power
consumption and transmission failure rate. The analysis was
complemented with real measurements of steady state powers
and transient energy, and switch times from a standard
compliant evaluation board. A special contribution was bit
error rate measurements with two evaluation boards
connected through a set of calibrated attenuators. The
operational analysis considered mainly the effect of path loss
and packet size on energy consumption.
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J. Zheng and M.J. Lee [7] implemented the IEEE 802.15.4
standard on NS2 simulator and provided the comprehensive
performance evaluation on 802.15.4. The literature
comprehensively defined the 802.15.4 protocol as well as
simulations on various aspects of the standard. It mainly
confined to performance of IEEE 802.15.4 MAC.

The authors provided performance evaluations of IEEE
802.15.4 MAC in becon-enabled mode for a star topology [8].
The performance evaluation study revealed some of the key
throughput-energy-delay tradeoff inherent in IEEE 802.15.4
MAC.The performance of IEEE 802.15.4 was analyzed for
medical sensor body area networking [9]. The analysis
considered quite extensively a very low data rate star network
with 10 body implanted sensors transmitting data 1 to 40
times per hour. The analysis focused on the effect of crystal
tolerance, frame size, and the usage of IEEE 802.15.4
Guaranteed Time Slots (GTS) on a node lifetime. For
analyzing the standard performance in WSN applications,
further analysis with larger and more complex network
topologies and other IEEE 802.15.4 MAC parameters would
be required.

The authors presented a novel mechanism intended to provide
Quality of Service (QoS) for IEEE 802.15.4 based Wireless
Body Sensor Networks (WBSN) used for pervasive healthcare
applications [10]. The mechanism was implemented and
validated on the AquisGrain WBSN platform.

The performance simulations of IEEE 802.15.4 in a star
network were presented [11]. The network consisted of 49
nodes configured to IEEE 802.15.4 beacon-enabled mode.
The evaluation considered latency and energy with different
amounts of background traffic. Also, the performance of IEEE
802.15.4 GTS and beacon tracking were simulated. Still, the
applicability of the results for WSN applications was
insufficient, since larger network sizes with cluster tree
network topologies were required.

3. ZIGBEE WIRELESS NETWORK

It is based on IEEE 802.15.4 standards, which is aimed for
Low Rate Wireless Personal Area networks (LR-WPAN).
IEEE 802.15.4 standard focuses on the lower two layers of the
protocol stack for defining the basic communication methods
for instrument networks but requires much more additional
work to produce marketable product. On top of IEEE 802.15.4
radio communication standards, the ZigBee Alliance (an
industry consortium of semiconductor manufacturers), other
providers, and manufacturing companies provide this
additional work. The ZigBee specification is designed to
utilize the features supported by IEEE 802.15.4, particularly
the low data transmission rate and energy consumption
features. It targets control and monitoring applications where
low-power consumption is a key requirement. The candidate
applications are wireless sensors, lighting controls, and
surveillance. It also targets market areas like residential home
control, commercial building control, and industrial plant
management.

The ZigBee protocol stack is given below in Figure 1. The
Physical layer, which is referred to as IEEE 802.15.4 PHY, is
concerned with the interface to the physical transmission
medium and exchanging data bits with the layer above. It
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consists of two PHY layers which operate in two separate
frequency ranges: 868/915 MHz and 2.4GHz.

Application Layer (APL)
Application Framework

Physical (PHY) Layer

AP AP J>
Object|***  [Object
1 240
AP ars Zigbee Device ]
Object (ZDO) ZlgBee
.- - Alliance
Application Sub Layer —‘>
P
N Network (NWK) Layer
Medium Access Control (MAC) Layer
IEEE
802.15.4

Figure 1: ZigBee functional layer architecture and protocol
stack [12]

The Medium Access Control (MAC) layer is also known as
the Data Link Layer. This layer is concerned with the
addressing. It determines where the data is going for outgoing
data and where the data is coming for incoming data. It is also
responsible for assembling data packets or frames to be
transmitted and decomposing received frames.

The Network (NWK) layer is right above MAC which is
specified by IEEE 802.15.4 and is defined by the ZigBee
Alliance. It allows devices to communicate with each other. It
is involved in the initialization of the device, network self-
organization, and routing of data and network discovery
within the network. Routing protocols are important as they
dynamically share information between routers, automatically
update routing table when topology changes, and determine
best path to the destination. So it is required to do their
performance evaluation.

4. SIMULATION SETUP

The main objective of this simulation study was to analyse the
effect of different wireless mobile ad hoc routing protocols
like OLSR INRIA, OLSRv2 NAGATA, ZRP, AODV [13]
and DYMO [14] on the performance of zigbhee home
automation using static IEEE 802.15.4 star topology for
varying parameters. The simulations have been carried out
using QualNet version 5.0, software which provides scalable
simulations of wireless networks.

In the simulation model, a star topology with one PAN co-
ordinator, one PDA (personal digital assistants), and 10
devices are uniformly deployed in an area of 1500m x1500m.
PAN is static mains powered device placed at the centre of the
simulation area. Only the uplink traffic i.e. devices to PAN
co-ordinator are considered in the simulations which suits
WSN application like automation industry where a large
number of devices communicates to a single sink server for
data delivery and processing. The transmission range of
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devices is one hop away from PAN Coordinator in star
topology. The fact that BO (Beacon order) = SO (super frame
order) assures that no inactive part of the super frame is
present [15]. A low value of this parameter implies a great
probability of collisions of beacon frames as these would be
transmitted very frequently by coordinators. On the contrary,
a high value of the BO (beacon order) introduces a significant
delay in the time required to perform the MAC association
procedure since channel duration which is a part of
association procedure is proportional to BO (beacon order). In
our simulation model, function for acknowledging the receipt
of packets is disabled. It is due to the fact that overhead
mechanism is too expensive for low data rate WSN
application for which 802.15.4 is designed.
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Figure2: Simulation setup of zig-bee home automation
network

Following QoS performance metrics were used to evaluate
QoS parameters for IEEE 802.15.4 star topology using
different routing protocols:

Jitter is often known as a measure of the variability over time
of the packet latency across a network. A network with
constant latency has no variation (or jitter). Packet jitter is
expressed as an average of the deviation from the network
mean latency. Jitter refers to a variation in packet delay,
resulting in differing packet inter-arrival times or out-of-
sequence packets or both

Average End-to-End delay indicates the length of time taken
for a packet to travel from the CBR (Constant Bit Rate)
source to the destination. It represents the average data delay
an application experiences during transmission of data. The
end-to-end delay is the time taken for a data packet to reach
the destination node. The delay for a packet is the time taken
for it to reach the destination. And the average delay is
calculated by taking the average of delays for every data
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packet transmitted. The parameter comes into play only when
the data transmission has been successful.

Po=T,-T;
Where
Pp =Packet Delay
T, = Receive Time at Destination
T= Transmit Time at Source
O=3Pp/N, (16)
Where
[J =Average Delay
¥Pp = Sum of all Packet Delays
N,=Total Number of Received Pkts

Throughput is the number of bits passed through a network
in one second. It measures how fast data can pass through an
entity (such as a point or a network). The throughput of a
node is measured by first counting the total number of data
packets successfully received at the node and computing the
number of bits received, which is finally divided by the total
simulation runtime. The throughput of the network is finally
defined as the average of the throughput of all nodes involved
in data transmission. Therefore, throughput can be stated as:

Tn=Tbr/Sr
Where
Tn = Throughput of a Node

Thr = Total Data Bits Received
Sr = Simulation Runtime

Similarly the throughput for the network can be defined as:
Tnn=) Tn/Nn

Where
Tnn=Network Throughput

> Tn= Sum of Throughput of Nodes Involved in
Data Trans.

Nn=Number of Nodes

5. PERFORMANCE ANALYSIS

This section presents the simulation results to show the impact
of various QOS metrics on different wireless mobile ad hoc
routing protocols like OLSR INRIA, OLSRv2 NAGATA,
ZRP, AODV and DYMO by using CBR application on zighee
home automation network having static IEEE 802.15.4 star

topology.
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Figure3: QualNet animation during simulation execution

The following table depicts comparison of routing protocols
based on CBR applications on the application layer.

Table I: Comparison of different routing protocols using CBR
application in zighee home automation network
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ROUTIN | TOTAL THROUGHPU | AVG JITTE
G PACKET T END R
PROTOC | RECIEVE TO
oL D END

DELA

Y
OLSR 24 94 0.23 0.04
INRIA
OLSRv2 23 90 0.23 0.04
NAGA
TA
ZRP 24 91 0.74 0.10
AODV 25 95 3.32 0.43
DYMO 24 92 3.03 1.27

Figure 4 shows the value of jitter for different routing
protocols. OLSR INRIA and OLSRv2 NAGATA produced
the lowest value of 0.04, DYMO produced highest value of
1.27, and AODV and ZRP produced a value of 0.43 and 0.10
respectively. So, in terms of jitter OLSR INRIA and OLSRv2
NAGATA performs better than other protocols since low jitter
corresponds to high efficiency.
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Figure 4: Impact of Jitter on various routing protocol using
CBR application

Figure 5 shows the performance of average end-to-end delay
for different routing protocols. The average end-to-end delay
of a packet depends on delay at each hop comprising of
queuing, channel access and transmission delays as well as
route discovery latency. ZRP produced average end-to-end
delay value of 0.7, OLSR INRIA and OLSRv2 NAGATA
produced a significantly low value of 0.04 whereas DYMO
and AODV produced higher values of 3 and 3.5 respectively.
So, in terms of average end-to-end delay OLSR INRIA and
OLSRv2 NAGATA performs best since low average end-to-
end delay would lead to faster performance.
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Figure5: Impact of Average end to end delay on various
routing protocol using CBR application

Figure 6 presents the performance of throughput for different
routing protocols. According to our findings, ZRP produced a
throughput value of 91%, DYMO 92%, OSLR INRIA 94%,
and AODV 95%. According to throughput results, AODV
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performs best since it produces more output as compared to
other protocols.
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Figure 6: Impact of throughput on various routing protocol
using CBR application

Zigzag pattern of total packets received by zigbee authome
network are presented in Figure 7 according to which OLSR
INRIA, ZRP, and DYMO received 24 packets each, AODV
received 25 packets whereas OLSRv2 NAGATA received 23
packets. Since higher number of packets produce faster
response time; therefore, AODV has an edge over all other
protocols.
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Figure 7: Impact of total packet received on various routing
protocol using CBR application

6. CONCLUSION

This paper investigate the effects on QOS by using different
wireless mobile ad hoc routing protocols like OLSR INRIA,
OLSRv2 NAGATA, ZRP, AODV and DYMO by using
CBR application in zigbee home automation network having
static IEEE 802.15.4 star topology. Quality of service metrics
(average end-to-end delay, throughput, jitter, and data packet
delivery ratio) are used to compare to ad hoc routing
protocols. The findings suggest that although AODV produce
a little higher throughput and receive slightly more number of
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packets than all other protocols which makes it a suitable
choice for zighee home automation network but still OLSR
INRIA is the best suited protocol for CBR application of
zighee home automation network because of the fact that
AODV’s throughput value and number of packets received is
not significantly higher than OSLR INRIA. Also, OSLR
INRIA performs better overall and produce less jitter and
average end to end delay as compared to all other protocols.
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