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Abstract:  

ZigBee is also a worldwide open standard for wireless radio networks which provides network, security and application support  

services operating on top of the IEEE 802.15.4 Medium Access Control (MAC) and Physical Layer (PHY) wireless standard. 

ZigBee association is liable for ZigBee typical which habits the ecstatic services of the 802.15.4 network description just like 

TCP/IP uses the IEEE 802.11b network requirement. The main area of the wireless sensors is to pleat applicable data from their 

adjacent and then, to route the congregated data to a central processing node, commonly referred to as sink. ZigBee is one of the 

most promising and prevalent WSN standards in use today. This standard defines both the physical (Layer 1) and data-link (Layer 

2) layers of the OSI model. The first edition of the 802.15.4 standard was released in May 2003. Several standardized  and 

proprietary networks (or mesh) layer p rotocols run over 802.15.4-based networks, including IEEE 802.15.5, ZigBee, LoWPAN, 

WirelessHART, and ISA100.11a.ZigBee is a specification for a suite of high level communication protocols using small, low-power 

digital radios based on an IEEE 802 standard for personal area networks. ZigBee devices are often used in mesh network fo rm to 

transmit data over longer distances, passing data through intermediate devices to reach more distant ones. This allows ZigBee  

networks to be formed ad-hoc, with no centralized control or high-power transmitter/receiver able to reach all of the devices. 

Technology defined by the ZigBee specification is intended to be much simpler and less expensive than that of other WPANs 

However; it is only by the cooperation with other objects that the full capabilities of such networks can be reached. 
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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 [1]. They have a great 

potential for long term applicat ions 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 cooperatively network that can sense 

and control the environment enabling interaction between 

persons or embedded computers and the surrounding 

environment [2]. However, it is only by the cooperation with 

other objects that the full capabilit ies 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 [3].W ireless 

Sensor Network (WSN) is conceived as a network of s mall 

devices called sensors distributed over an area of interes t 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 [1]. 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 arch itecture. 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. 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 applicat ions like traffic surveillance, habitat 

monitoring, construction structures, smart homes, offices and 

many more. Research on several aspects of WSNs like energy 

efficiency, power management, routing, 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 

communicat ion 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, defin ing 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 communicat ion ranges 
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WSN Applications  

 

• Area monitoring : Area monitoring is a common application 

of WSNs. In area monitoring, the WSN is deployed over a 

region where some phenomenon is to be monitored. A military  

example is the use of sensors to detect enemy intrusion; a 

civilian example is the geo-fencing of gas or oil p ipelines. 

• Environmental/Earth monitoring: The term Environmental 

Sensor Networks ,[3] has evolved to cover many applicat ions 

of WSNs to earth science research. This includes sensing 

volcanoes ,[4] oceans ,[5] glaciers [6] forests ,[7] etc. Some of 

the major areas are listed below. 

• Air quality monitoring : To protect humans and the 

environment from damage by air pollution, it is of the utmost 

importance to measure the levels of pollutants in the air. Real 

time monitoring of dangerous gases is particularly interesting in 

hazardous areas, as the conditions can change dramatically very  

quickly, with serious consequences. 

 

•Environmental magnitudes : Temperature, Humid ity, Light, 

Gas & particle concentration: O2, CO, CO2, SO2, H2S, NO, 

NO2, NH3, CH4, PM-10, TVOC  

 

• Ambient monitoring: Rainfall, W ind speed, Wind direction, 

UV levels, Atmospheric pressure  

  

• Interior monitoring  

The measurement of gas levels at hazardous environments 

requires the use of robust and trustworthy equipment that meets 

industrial regulations. 

 

•Exterior monitoring  

Outdoor monitoring of air quality requires the use not only of 

accurate sensors, but also rain & wind resistant housing, as well 

as the use of energy harvesting techniques that ensure extended 

autonomy to equipment which will most probably have difficult  

access. 

 

 Air pollution monitoring 

Wireless sensor networks have been deployed in several cities 

(Stockholm, London or Brisbane) to monitor the concentration 

of dangerous gases for citizens. These can take advantage of the 

ad-hoc wireless links rather than wired installations, which also 

make them more mobile for testing readings in different areas. 

There are various architectures that can be used for such 

applications as well as different kinds of data analysis and data 

mining that can be conducted.[8] 

 

 Forest fire detection 

A network of Sensor Nodes can be installed in a forest to detect 

when a fire has started. The nodes can be equipped with sensors 

to measure temperature, humid ity and gases which are 

produced by fire in the trees or vegetation. The early detection 

is crucial for a successful action of the firefighters; thanks to 

Wireless Sensor Networks, the fire brigade will be ab le to know 

when a fire is started and how it is spreading. 

 

 Landslide detection 

A landslide detection system,[9] makes use of a wireless sensor 

network to detect the slight movements of soil and changes in 

various parameters that may occur before or during a landslide. 

Through the data gathered it may be possible to know the 

occurrence of landslides long before it actually happens. 

 Water quality monitoring  

Water quality monitoring involves analyzing water properties 

in dams, rivers, lakes & oceans, as well as underground water 

reserves. The use of many wireless distributed sensors enables 

the creation of a more accurate map of the water status, and 

allows the permanent deployment of monitoring stations in 

locations of difficult access, without the need of manual data 

retrieval. 

 

 Natural d isaster prevention 

Wireless sensor networks can effectively act to prevent the 

consequences of natural disasters, like floods. Wireless nodes 

have successfully been deployed in rivers where changes of the 

water levels have to be monitored in real time. 

 

Simulators/Tools for WSN’s  

Although there are several simulators, even beyond the 

presented selection of simulators, there is no ‘one size fits all’ 

tool that can solve all problems for all sorts of scenarios: For 

different simulation environments there are different laye 

OPNET Modeler 14.5 

 

OPNET provides a comprehensive development environment 

supporting the modeling of communication networks and 

distributed systems. Both behavior and performance of 

modeled systems can be analyzed by performing discrete event 

simulations. The OPNET environment incorporates tools for all 

phases of a study, including model design, simulat ion, data 

collection, and data analysis. OPNET simulation tool provides 

a complete development environment to support modelling of 

communicat ion networks and Sensor systems. It supports three 

types of topologies: star, mesh and cluster-tree topology with 

beacon disabled mode, where communicat ion takes place 

between a central controller – ZigBee PAN Coordinator, 

ZigBee Routers and ZigBee Sensor devices. 

 

4.3 OPNET 14.5 Key System Features 

OPNET is a vast software package with an extensive set of 

features designed to support general network modeling and to 

provide specific support for particular types of network 

simulation projects. This section provides only a brief 

enumeration of some of the most important capabilit ies of 

OPNET. Subsequent sections of this chapter provide more 

detailed information on these features, as well as other aspects 

of OPNET. 

• Object orientation. Systems specified in OPNET consist of 

objects, each with configurable sets of attributes. Objects 

belong to “classes” which provide them with their 

characteristics in terms of behavior and capability. Definition of 

new classes are supported in order to address as wide a scope of 

systems as possible. Classes can also be derived from other 

classes, or “specialized” in order to provide more specific 

support for particular applicat ions. 

• Specialized in communication networks and informat ion 

systems. OPNET provides many constructs relating to 

communicat ions and information processing, providing high 

leverage for modeling of networks and distributed systems. 

• Hierarchical models. OPNET models are hierarchical, 

naturally paralleling the structure of actual communication 

networks.  

• Graphical specificat ion. Wherever possible, models are 

entered via graphical editors. These editors provide an intuitive 

mapping from the modeled system to the OPNET model 

specification.  
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• Flexib ility to develop detailed custom models. OPNET 

provides a flexib le, high-level programming language with 

extensive support for communicat ions and distributed systems. 

This environment allows realistic modeling of all 

communicat ions protocols, algorithms, and transmission 

technologies.  

•Automatic generation of simulat ions. Model specifications are 

automatically compiled into executable, efficient, discrete-

event simulations implemented in the C programming 

language. Advanced simulat ion construction and configuration 

techniques min imize compilation requirements.  

• Application-specific statistics. OPNET provides numerous 

built-in performance statistics that can be automatically  

collected during simulations. In addition, modelers can 

augment this set with new application- specific statistics that 

are computed by user-defined processes.  

• Integrated post-simulation analysis tools. Performance 

evaluation, and trade-off analysis require large volumes of 

simulation results to be presentation and processing of 

simulation output.  

• Interactive  analysis.  All  OPNET  simulat ions  automatically   

incorporate  support  for analysis via a sophisticated interactive 

“debugger”. 

• Animation. Simulat ion runs can be configured to 

automatically generate animations of the modeled system at 

various levels of detail and can include animation of statistics 

as they change over time. Extensive support for developing 

customized animations is also provided.  

•  Applicat ion program interface (API). As an alternative to 

graphical specification, OPNET models and data files may be 

specified via a programmatic interface. This is useful for 

automatic generation of models or to allow OPNET to be 

tightly integrated with other tools. r, components or protocols 

implemented so that it is difficult to compare them. Depending 

on the application area it should be considered whether new 

implemented protocols should only be run in a simulator or if 

the protocols should also be later deployed on real sensor 

nodes. In the latter case it is recommended to us e one of the 

emulator approaches, which make it possible to use the same 

source code for the simulator as well as the hardware platform.  

 

Simulation Model  

Basic Setup : The basic setup of each topology implemented 

under OPNET 14.5. In order to accomplish this evaluation, an 

OPNET simulat ion model for the IEEE 802.15.4 supporting the 

slotted CSMA/CA mechanis m was used as a means to compare 

the simulat ion results, for the same scenarios. The simulat ion 

shows the expected behaviour of the system based on its 

simulation model under different conditions. Hence, the 

purpose of this simulat ion model is to determine the exact 

model and predict the behaviour of the real system. For the 

purpose of simulation, we will use OPNET Modeler 14.5, 

which provides a leading environment for modelling and 

simulations. This simulation tool provides a comprehensive 

development environment to support modelling of 

communicat ion networks and distributed systems. This version 

of opnet simulator supports three types of topologies: star, 

mesh and cluster-tree topology, where communicat ion takes 

place between a central controller – PAN coordinator, routers 

and devices. We are using only one ZigBee Coordinator (ZC) 

in each topology, seven ZigBee routers (ZR) and fifty ZigBee  

End devices (ZED). All ZR’s and ZED’s are mobile. The 

comparison includes the following statistics: end-to-end delay, 

number of hops and global throughput 

 

Table 1.1 values of Simulation Parameters Used.  

Packet Threshold -95 -95 -95 

    

Max. No of Back offs 5 5 5 

    

Beacon Order 6 6 6 

    

Max. Router 10 10 10 

    

 

Simulation Results  

 

After setting all these parameters, ZigBee network model is 

ready for the simulation. The simulation results concerning the 

Throughput, End to End Delay, No. of Hops, Load per PAN, 

across the full ZigBee stack, under different topology-

deployment strategies with variable Backoff Exponents, are 

analysed 

 

Throughput 

Throughput is the ratio of the total amount of data that a 

receiver receives from a sender to a time it takes for receiver to 

get the last packet. Throughput is the data quantity transmitted  

correctly starting from the source to the destination within a 

specified time (seconds). A low delay in the network translates 

into higher throughput. Throughput is quantified with varied  

factors including packet collisions, obstructions between nodes 

and the type of used topology. The above figures shows that 

throughput is maximum in tree topology but when Backoff 

exponent comes into play it affects the throughput significantly 

i.e. at Tree topology give better throughput as compare to Mesh 

Topology. 

 

    

Parameters 

   

TREE MESH  

    

Max. Childrens 255 255  

    

No. of Sensor Nodes 50 50  

    

Max. Depth 5 10  

    

Mesh Routing Disabled Enabled   

    

Transmit Power 0.5mW  0.5mW   

    

Transmit Band  2.4 GHz 2.4 GHz  

    

ACK Mechanis m Enable  Enable   

    

No. of Retrans mission 5 5  

    

Packet Size  (1024) (1024)  
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End to End Delay 

End-to-end delay refers to the time taken for a packet to be 

transmitted across a network from source to destination. 

 

dend-end= N[ dtrans+dprop+dproc], Where dend-end= end-to-

end delay 

 

dtrans= transmission delay dprop= propagation delay dproc= 

processing delay 

 

N= number of links (Number of routers + 1).  

 

 
 

Each router will have its own dtrans, dprop, dproc hence this 

formula gives a rough estimate. After analyzing these results 

we observe that in tree topology end to end delay is min imum 

and mesh topology delay is maximum. Tree topology gives 

better delay as compare to Mesh Topology. 

 

Network Load  

Network load represents the total load (in bits/sec) submitted to 

802.15.4 MAC by all higher layers in all WPAN nodes of the 

network. Network load also refers to the amount of data 

(traffic) being carried by the whole network.  

 
Study shows that tree and mesh topology handles traffic loads 

at Tree topology give maximum network load and Mesh 

Topology gives minimum network load in our results 

 

Conclusion & Future Scope 

Wireless Sensor Networks are now being increasingly used for 

real-t ime embedded applicat ions having stringent Quality-of-

Service requirements, in terms of timeliness and reliability. 

Towards this end, Zigbee/IEEE 802.15. Moreover, one of the 

key enabling and indispensable services in WSNs is 

localization, since the availability of nodes’ location may  

represent the fundamental support for various protocols (e.g., 

routing) and applications (e.g., habitat monitoring).In our work 

we provided a versatile analysis of the characteristics of the 

IEEE 802.15.4 topology formation process using three possible 

topologies as well as the significant impact on the overall 

network performance using different parameters. Furthermore, 

we also realize the superlative value of backoff exponent 

parameter among the ZigBee sensor network and which 

outperforms in the wireless personal area network beneath the 

different topologies of wireless sensor devices and our 

complete simulation-based characterizat ion of ZigBee WSN’s 

shows the expected behaviour of the model under different 

network performance indicators, such as number of hops, 

throughput, end to end delay, and network load etc. However, a 

detailed analysis of ZigBee WSN Network by means of 

different parameters like throughput, end to end delay, number 

of hops, network load are affected significantly with the 

variation of backoff exponent at MAC layer in 802.15.4 

standard and this reveals the characteristics of the IEEE 

802.15.4 topology formation process and the relevant impact on 

the overall network performance. The results show that Cluster-

Tree WSN model are considered among the most promising 

candidates and outperforms among all other topologies but. 

Overall, the performance evaluations show that the ZigBee 

Network performance related to formation and re-configuration 

are greatly affected by this parameter.  

This analysis is usable to configure IEEE 802.15.4/ZigBee 

procedures and in selecting the related parameters of ZigBee 

PAN Network. Overall, the performance evaluations show that 

the ZigBee can only be use for low-data rate and low-power 

smart grid applications not having very high reliability 

requirements and real-time deadlines. These results will help to 
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find out which of the simulation results are the one closest to 

reality. 
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