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ABSTRACT  
 In this paper the effect of CSMA is analyzed on the performance of ZIGBEE. To analyze this effect 
ZED and ZC are moving at different mobility. To analyze the performance opnet modeler 14.5 is used. 
The performance is compared in terms of LOAD, DELAY and PACKET DROP.  Result shows that the 
performance of random waypoint is better than other. the result  also shows that if coordinator moves 
than performance decreases 
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INTRODUCTION  

IEEE 802.15.4 is a standard defined by the IEEE for low-rate (LR) WPANs. A LR-WPAN is a 

simple, low cost communication network that allows wireless connectivity in applications with 

limited power and relaxed throughput requirements. The main objectives of a LR-WPAN are 

ease of installation, reliable data transfer, short-range operation, extremely low cost, and a 

reasonable battery life [2]. Like all IEEE 8022standards, the IEEE 802.15.4 standard 

encompasses only those layers up to and including portions of the data link layer (DLL). I.e. the 

standard defines the PHY and the medium access layer (MAC). In particular it defines two PHYs 

representing three license-free frequency bands that include sixteen channels at 2.4 GHz, ten 

channels at 902 to 928 MHz, and one channel at 868 to 870 MHz. The maximum data rates for 

each band are 250 kbps, 40 kbps and 20 kbps, respectively. 

The 2.4 GHz band operates worldwide while the sub-1 GHz band operates in North America, 

Europe, and Australia/New Zealand The IEEE standard is intended to conform to established 

regulations in Europe, Japan, Canada and the United States [2]. The main features of this 

standard are network flexibility, low cost, very low power consumption, and low data rate in an 
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adhoc self-organizing network among in expensive fixed, portable and moving devices. It is 

developed for applications with relaxed throughput requirements which cannot handle the power 

consumption of heavy protocol stacks. This thesis evaluates performance topology formation is 

an important issue in a wireless sensor network. Performance parameters such as throughput, 

traffic sent, traffic received, packets dropped and sensor field coverage depend on the network 

topology is an important criterion to investigate. In this paper, we investigate the performance of 

WSN based on various topologies scenarios like: Cluster, Mesh and star. The whole study is 

performed by taking into account the specific features and recommendations of the IEEE 

802.15.4/ZigBee standards; thus, our results can be used to configure IEEE 802.15.4/ZigBee 

procedures and set the related parameters, as a function of the desired application requirements. 

 

Wireless Sensor Networks- An Overview 
IEEE 802.15.4 is a standard defined by the IEEE for low-rate (LR) WPANs. A LR-WPAN is a 

simple, low cost communication network that allows wireless connectivity in applications with 

limited power and relaxed throughput requirements. The main objectives of a LR-WPAN are 

ease of installation, reliable data transfer, short-range operation, extremely low cost, and a 

reasonable battery life [2]. Like all IEEE 8022standards, the IEEE 802.15.4 standard 

encompasses only those layers up to and including portions of the data link layer (DLL). I.e. the 

standard defines the PHY and the medium access layer (MAC). In particular it defines two PHYs 

representing three license-free frequency bands that include sixteen channels at 2.4 GHz, ten 

channels at 902 to 928 MHz, and one channel at 868 to 870 MHz. The maximum data rates for 

each band are 250 kbps, 40 kbps and 20 kbps, respectively. 

The 2.4 GHz band operates worldwide while the sub-1 GHz band operates in North America, 

Europe, and Australia/New Zealand The IEEE standard is intended to conform to established 

regulations in Europe, Japan, Canada and the United States [3]. The main features of this 

standard are network flexibility, low cost, very low power consumption, and low data rate in an 

adhoc self-organizing network among in expensive fixed, portable and moving devices. It is 

developed for applications with relaxed throughput requirements which cannot handle the power 

consumption of heavy protocol stacks. This thesis evaluates performance topology formation is 

an important issue in a wireless sensor network. Performance parameters such as throughput, 

traffic sent, traffic received, packets dropped and sensor field coverage depend on the network 

topology is an important criterion to investigate. In this paper, we investigate the performance of 

WSN based on various topologies scenarios like: Cluster, Mesh and star. The whole study is 

performed by taking into account the specific features and recommendations of the IEEE 

802.15.4/ZigBee standards; thus, our results can be used to configure IEEE 802.15.4/ZigBee 

procedures and set the related parameters, as a function of the desired application 

requirements[5]. 

 

Wireless Sensor Networks- An Overview 
Wireless Sensor networks have recently become a premier research topic and have opened up 

new challenges for researchers. They have generated lot of interest from both industrial and 

research perspectives [7]. They have a great potential for long term applications and also have 

the ability to transform human lives in various aspects. A Wireless Sensor Network can be 

generally described as a collection of sensor nodes organized into a cooperative network that can 

sense and control the environment enabling interaction between persons or embedded computers 

and the surrounding environment [2][9]. However, it is only by the cooperation with other 
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objects that the full capabilities of such networks can be reached. Usually a WSN is composed of 

thousands of multifunctional sensing nodes densely deployed in a large geographical area and 

one or few base stations or sink nodes connect a sensor network to the users via the Internet or 

other networks. Each sensor node consists of a CPU (microcontrollers, Micro-processors or 

DSP) for processing the data, memory for storage, a RF transceiver, usually with a single Omni-

directional antenna and a power source like batteries or solar cells. Typical sensors used for such 

nodes could be temperature, light, pressure, vibration, humidity, sound, radiation, etc. Each of 

these sensor nodes acquire data, process it and route it to the sink node by multi-hopping 

[8].Wireless Sensor Network (WSN) is conceived as a network of small devices called sensors 

distributed over an area of interest where some specific phenomena must be monitored. It can be 

treated as a collection of nodes organized into a cooperative network and these individual nodes 

are able to interact with their environment by sensing or controlling [10]. Wireless sensor 

networks (WSN) based on the IEEE 802.15.4 Personal Area Network standard are finding 

increasing use in the home automation and emerging smart energy markets. Routing protocols in 

WSNs vary depending on the application and network architecture. Used sensors are small, 

inexpensive, intelligent, and disposable, they can be deployed in large numbers in areas where 

there is no human access, disaster areas, battlefields etc[11]. 

Wireless Sensor Networks (WSNs) have emerged as a new research technology in the distributed 

computing environment and plays a very important role in the pervasive computing to support 

various applications. It has a great potential to be utilized in battlefields and in different 

commercial applications like traffic surveillance, habitat monitoring, construction structures, 

smart homes, offices and many more. Research on several aspects of WSNs like energy 

efficiency, power management, topology control, data management and security are progressing 

extensively. New applications based on embedded systems and mobile technologies have caused 

a significant growth in wireless communication systems. Those related with Internet, such as 

web browsing or e-mail, require high data throughput and bandwidth. The Institute of Electrical 

and Electronic Engineers (IEEE) published the standard 802.11, defining wireless local area 

networks. This standard is used in the majority of these services. There are a number of versions 

of this standard, working in different frequency bands and providing different transmission rates 

and communication ranges. The version 802.11.n is currently under development and it will 

allow data rates of up to 300Mbit/s [12]. Wireless personal area networks (WPANs)[13] are 

based strictly in ad-hoc communication and do not employ any kind of fixed infrastructure. IEEE 

standardized the previous development performed by the Bluetooth Special Interest Group 

(SIG)[14] creating the 802.15 group[2]. More recently, a special type of WPANs has been 

defined, with lower throughput requirements and generally involving sensing mechanisms. These 

are known as low-rate WPANs (LRWPANs) or more commonly, wireless sensor networks 

(WSNs) [15]. 

 

Experimental setup 

In this paper the effect of CSMA is analyzed by using different mobility patterns(random walk, 

random way point and static). To analyze the performance different scenarios are made. In each 

scenario there are 70 ZED , 4 ZR and 4 ZC. The ZED are placed randomly, ZR are place in four 

directions and ZC are placed in four corners. To analyse this performance opnet modeler[16] is 

used. To analyze the performance following experiments are conducted – 

Experiment 1- in this ZED is moving by using different mobility patterns. In this firstly collision 

avoidance is disabled, then collision avoidance is on by applying min. backoff 2 and max back 
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off 3 and channel sensing duration 0.3, then by applying min. backoff 3 and max back off 4 and 

channel sensing duration 0.3. 

 Experiment 2- in this ZC is moving by using different mobility patterns. In this firstly collision 

avoidance is disabled, then collision avoidance is on by applying min. backoff 2 and max back 

off 3 and channel sensing duration 0.3, then by applying min. backoff 3 and max back off 4 and 

channel sensing duration 0.3. 

 

Result 

In this paper the eefect of CSMA parameters is analyzed by apllying different mobility patterns 

on zigbee end devices in terms of Delay, Load and Packet drop 

 

Delay 

From Fig 1 Result shows the result of ZED moving with random waypoint. Result shows that 

when their CSMA Backoff is disabled than delay is high which is 0.011 sec, when backoff is 3 

than delay is 0.0105sec and when backoff 2 than delay is 0.011 sec 

 

From Fig 1 Result shows the result of ZED moving with random walk. Result shows that when 

their CSMA Backoff is disabled than delay is lowest which is 0.010 sec, when backoff is 3 than 

delay is 0.0107sec and when backoff 2 than delay is 0.0105 sec 

 

From Fig 1 Result shows the result of ZED moving with static. Result shows that when their 

CSMA Backoff is disabled than delay is high which is 0.0105 sec, when backoff is 3 than delay 

is 0.010 sec and when backoff 2 than delay is 0.095 sec 

 

 
 

Fig 1Delay for ZED moving using different mobility patterns 
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From Fig 2 Result shows the result of ZC moving with random waypoint. Result shows that 

when their CSMA Backoff is disabled than delay is high which is 0.010 sec, when backoff is 3 

than delay is 0.014sec and when backoff 2 than delay is 0.017 sec 

 

From Fig 2 Result shows the result of ZC moving with random walk. Result shows that when 

their CSMA Backoff is disabled than delay is lowest which is 0.011 sec, when backoff is 3 than 

delay is 0.016sec and when backoff 2 than delay is 0.012 sec 

 

 
Fig 2 Delay for ZC moving using different mobility patterns 

 

 

From Fig 2 Result shows the result of ZC moving with static. Result shows that when their 

CSMA Backoff is disabled than delay  is 0.010 sec, when backoff is 3 than delay is 0.014 sec 

and when backoff 2 than delay is 0.013 sec 

 

Result shows that the performance of random waypoint is better than other. the resuklt  also 

shows that if coordinator moves than performance decreases 

 

  Load 

From Fig 3 Result shows the result of ZED moving with random waypoint. Result shows that 

when their CSMA Backoff is disabled than Load is 85000per/sec sec, when backoff is 3 than 

Load is 90000bits/sec and when backoff 2 than load is 85000bits/sec. 

 

From Fig 3 Result shows the result of ZED moving with random walk. Result shows that when 

their CSMA Backoff is disabled than Load is  78000per/sec sec, when backoff is 3 than Load is 

85000bits/sec and when backoff 2 than load is 90000bits/sec. 

 

From Fig 3 Result shows the result of ZED moving with static. Result shows that when their 

CSMA Backoff is disabled than Load is 78000per/sec sec, when backoff is 3 than Load is 

70000bits/sec and when backoff 2 than load is 78000bits/sec. 
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Fig 3 Load for ZED moving using different mobility patterns 

 

From Fig 4 Result shows the result of ZC moving with random waypoint. Result shows that 

when their CSMA Backoff is disabled than Load is  49000per/sec sec, when backoff is 3 than 

Load is 71000bits/sec and when backoff 2 than load is 72000bits/sec. 

 

From Fig 4 Result shows the result of ZC moving with random walk. Result shows that when 

their CSMA Backoff is disabled than Load is  45000per/sec sec, when backoff is 3 than Load is 

80000bits/sec and when backoff 2 than load is 45000bits/sec. 

 

From Fig 4 Result shows the result of ZC moving with static. Result shows that when their 

CSMA Backoff is disabled than Load is 50000per/sec sec, when backoff is 3 than Load is 

66000bits/sec and when backoff 2 than load is 55000bits/sec. 

 

Result shows that the performance of random waypoint is better than other. the result  also shows 

that if coordinator moves than performance decreases 
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Fig 3 Load for ZED moving using different mobility patterns 

 

 

Packet Drop 

 

From Fig 5 Result shows the result of ZED moving with random waypoint. Result shows that 

when their CSMA Backoff is disabled than Packet Drop is high which is 155 packets, when 

backoff is 3 than Packet Drop is 80 packets and when backoff 2 than Packet Drop is 110 packets. 

 

From Fig 5 Result shows the result of ZED moving with random walk. Result shows that when 

their CSMA Backoff is disabled than Packet Drop is high which is 160 packets, when backoff is 

3 than Packet Drop is 120 packets and when backoff 2 than Packet Drop is 90 packets. 

 

From Fig 5 Result shows the result of ZED moving with Static. Result shows that when their 

CSMA Backoff is disabled than Packet Drop is lowest which is 160 packets, when backoff is 3 

than Packet Drop is 200 packets and when backoff 2 than Packet Drop is 170 packets. 

 

From Fig 6 Result shows the result of ZC moving with random waypoint. Result shows that 

when their CSMA Backoff is disabled than Packet Drop is high which is 380 packets, when 

backoff is 3 than Packet Drop is 360 packets and when backoff 2 than Packet Drop is 360 

packets. 

 

From Fig 6 Result shows the result of ZC moving with random walk. Result shows that when 

their CSMA Backoff is disabled than Packet Drop is high which is 400 packets, when backoff is 

3 than Packet Drop is 3800 packets and when backoff 2 than Packet Drop is 360 packets. 
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Fig 5 Packet Drop for ZED moving using different mobility patterns 

 

 

From Fig 6 Result shows the result of ZED moving with Static. Result shows that when their 

CSMA Backoff is disabled than Packet Drop is  is 370 packets, when backoff is 3 than Packet 

Drop is 350 packets and when backoff 2 than Packet Drop is 370 packets. 

 

Result shows that the performance of random waypoint is better than other. the result  also shows 

that if coordinator moves than performance decreases 

 

 
Fig 5 Packet Drop for ZED moving using different mobility patterns 
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Conclusion 

in this paper the effect of CSMA is analysed by using differnet mobility patterns. to analyze the 

performance in each scnerio 70 ZED are used which are placed randomly, 4 ZC and 4 ZR are 

used. in each scnerio ZC are placed are each corner and ZR are placed at four direction. Here the 

speed of each node is 5m/s. The performance is analysed in terms of Load,Delay and Packet 

Drop. Result shows that the performance of random waypoint is better than other. the resuklt  

also shows that if coordinator moves than performance decreases 
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