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Abstract:- Wireless Sensor Network (WSN) or IEEE 802.15.4 is emerging as a major research field in computer networks 
over the last decade due to its wide range of applications. These sensor networks have infrastructure-less architecture due to 
frequently varying topology and link status. Here routing can be the extremely major and challenging task for battery 
powered resource constrained WSN. This paper evaluates of reactive routing protocols, Ad hoc on demand Distance Vector 
(AODV) routing protocol. AODV routing protocol is preferred over DSR and DSDV as it performs best considering its 
ability to maintain connection by exchanging information/data periodically. AODV also performs better as far as throughput 
is concerned. Whenever there are large number of nodes AODV performs better than DSR and DSDV. In this paper 50 
nodes are taken and beacons are transmitted accordingly between the nodes. AODV routing protocol performs Route 
Discovery using two control messages namely Route Request (RREQ) and Route Reply (RREP). 
 
Keywords:-IEEE 802.15.4, infrastructure-less, AODV. 
 
 
I. INTRODUCTION 
 
Wireless sensor networks (WSN) are fully 
independent self configuring ad-hoc networks. The 
areas of applications for these networks are 
monitoring and control in home, office, industrial, 
and outdoor environments. WSN’s consists of several 
small and energy efficient sensor nodes which 
communicate with each other wirelessly, sense the 
environment and task sharing is done. 
The Wireless Personal Area Networks (WPAN) 
Working Group was previously focused on creating 
the IEEE 802.15.1 standard for Physical (PHY) and 
Medium Access Control (MAC) layers based on 
Bluetooth technology in 1999[2]. In the following year 
the Working Group formed two other subgroups, 
firstly IEEE 802.15.3 for high-speed WPAN for 
multimedia applications, and in December 2000 IEEE 
802.15.4 low-rate WPAN (LR-WPAN) providing 
low-complexity, low-cost and low-power wireless 
connectivity among inexpensive devices. Thus, LR-
WPAN has been one of the most foreseen 
technologies enabling WSNs. 
 
Architecture for wireless sensor node: The basic 
block diagram for wireless sensor node is as given 
below(fig.1).It comprises of sensing unit,processing 
unit,transciever unit and battery. 

 
Fig 1.Architecture for wireless sensor node 

 
Architecture explanation: 
1) Sensing unit:Sensing unit comprises of two sub 
units as sensor or transducer and 
converter(ADC).Transducers are devices which are 
used to convert physical quantities into electrical 
quantities.Sensors are used to sense physical 
parameters like temperature,pressure,light intensity,  

 
sound, etc. Then conversion of physical signal to 
electrical is done,digitized and then sent further to 
processing unit. 
2) Processing Unit:Intelligence to the sensor node is 
provided by this unit.The processing unit consists of 
microcontroller(or microprocessor),which is 
responsible for control of the sensors,protocol 
execution,and applying different signal processing 
algorithms on the data which is gathered.Commonly 
used microprocessors are Intel’s ARM processor and 
ATMEL’s AVR microcontroller.Generally processor 
operates on four modes namely:sleep,idle,off,and 
active. 
3) Transceiver Unit: Radio chip is used for wireless 
communication with neighboring nodes and other 
peripheral devices. Short range radio is usually 
operated on single channel at low data rate and 
operates at unlicensed bands of 868-870 MHz 
(Europe), 902-928 MHz (USA) or near 2.4 GHz 
(global ISM band). 
4)Battery:Complete sensor node is powered by 
battery.Battery has a very crucial role in determining 
the sensor node lifetime.There should be careful 
monitoring on power drawn from the battery.For 
sensor node size of battery is limited. AA batteries 
normally store 2.2 to 2.5 Ah at 1.5 V. However, 
depending upon the technology used the number gets 
varied. For example, Zinc–air-based batteries have 
higher capacity in Joules/cm3 than lithium batteries. 
Alkaline batteries have the smallest capacity, 
normally around 1200 J/cm3.  
In this paper we see the brief literature survey and 
current trends in IEEE 802.15.4. 
 
II. LITERATURE SURVEY 
 
In “Performance analysis of AODV Routing protocol 
in MANETS”, the analysis of simulation of AODV 
routing protocol is done using different performance 
matrices. It is observed that AODV routing protocol 
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performs with satisfactory results of packet delivery 
ratio but on the cost of some delay and packet loss. 
The performance of AODV can be further enhanced 
using fuzzy logic by taking different input parameters 
to reduce the uncertainty for finding an optimal path. 
This will drastically reduce the packet loss and 
average end to end delay and thereby making an 
efficient AODV routing protocol. 
Shobha.K.R and Dr.K.Rajanikanth in their work done 
in “ADAPTIVE AODV ROUTING PROTOCOL for 
MOBILE ADHOC NETWORKS “developed a novel 
approach to constrain route request broadcast based 
on mobility of nodes. This technique is best suited for 
networks where the movement of the nodes is with 
different random velocities in different random 
directions. This protocol adapts itself automatically to 
two mobility conditions i.e. moderate and high speed. 
Intuition behind this technique is that the nodes 
moving with higher mobility rates will have better 
recent routes compared to slow moving nodes which 
may not be aware of the drastic changes happening in 
the network .In this approach we select the 
neighborhood nodes for broadcasting route requests 
based on their mobility rate and recent involvement in 
routing so that blind flooding of the route request in 
the network can be avoided. 
Another work done in paper” AODV Routing 
Protocol Implementation Design” it is described that 
the event triggers required for AODV operation, the 
design possibilities and the decisions for our Ad hoc 
On-demand Distance Vector (AODV) routing 
protocol implementation, AODV-UCSB. This paper 
is meant to aid researchers in developing their own 
on-demand ad hoc routing protocols and assist users 
in determining the implementation design that best 
fits their needs. 
 
III. AODV PROTOCOL OVERVIEW 

 
The AODV routing protocol is a reactive routing 
protocol; therefore, routes are determined only when 
needed. Hello messages may be used to detect and 
monitor links to neighbors. If Hello messages are 
used, each active node periodically broadcasts a Hello 
message that all its neighbors receive. Because nodes 
periodically send Hello messages, if a node fails to 
receive several Hello messages from a neighbor, a 
link break is detected. When a source has data to 
transmit to an unknown destination, it broadcasts a 
Route Request (RREQ) for that destination. At each 
intermediate node, when a RREQ is received a route 
to the source is created. If the receiving node has not 
received this RREQ before, is not the destination and 
does not have a current route to the destination, it 
rebroadcasts the RREQ. If the receiving node is the 
destination or has a current route to the destination, it 
generates a Route Reply (RREP). The RREP is 
unicast in a hop-by hop fashion to the source. As the 
RREP propagates, each intermediate node creates a 
route to the destination. When the source receives the 

RREP, it records the route to the destination and can 
begin sending data. 
 
IV. OVERVIEW FOR 802.15.4 

 
IEEE 802.15.4 is operated on of the ISM 
bands(Industrial,Scientific,Medical) from  27 
channels.[3]from  table 2.1. 

Bands 868MHz 915MHz 2.4GHz 
Region EU,Japan US Worldwide 
Channels 1 10 16 
Datarate 20Kbps 40Kbps 250Kbps 

Table 2.1.IEEE 802.15.4 Frequency bands and 
datarates[3] 

The devices used consists of Personal Area 
Network(PAN)coordinator,coordinator and device. 
The primary control action within PAN is done by 
PAN coordinator, which initiates the network and 
operates often as a gateway to other networks. Each 
PAN must have exactly one PAN coordinator. 
Coordinators communicate with each other for 
executing data routing and network self-organization 
operations. Devices do not have data routing 
capability and can communicate only with 
coordinators. 
The devices used have low performance requirements 
so they may be implemented with simplicity and low 
cost. 
The standard uses platforms as Reduced Function 
Devices (RFD). MAC service used platforms are 
referred to as Full Function Devices (FFD). 
Physical & MAC Layer: Interface between MAC 
layer and physical radio channels are done by 
Physical layer. They provide two services as PHY 
data service and PHY management service. Whereas 
MAC layer gives the way medium is accessed by 
WPAN devices. Similar to PHY layer MAC layer 
also provides two services MAC data services and 
MAC management services.  
Simple DSSS approach is used by 868/915 MHz 
where each bit is represented by 15 chip maximum 
length sequence. The 2.4 GHz PHY uses a 16-ary 
quasi-orthogonal modulation technique based on 
DSSS methods. 
IEEE 802.15.4 enables beacon enabled as well as 
non-beacon enabled mode. 
The beacon-enabled mode: Beacon is a special 
message with specific format that is used for 
synchronization of clocks. The beacon enabled mode 
uses a super frame structure, shown in Fig. 2. A super 
frame starts with beacons sent by a dedicated device, 
called a coordinator, at predetermined intervals 
ranging from 15 ms to 251 s. [4]. 

 
Fig.2: Super-frame structure [4] 
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Non beacon enabled mode: A network in which the 
PAN coordinator does not transmit beacons is known 
as a non beacon network. A non beacon network 
cannot have GTSs and therefore contention free 
periods because the devices cannot be synchronized 
with one another. The battery life in a non beacon 
network can be noticeably better than in a beacon-
enabled network because in a non beacon network, 
the devices wake up less often [4]. 

 

 
Fig 3: Operational modes of WSN 

 
The operational modes of WSN are given in detail in 
fig 3,which shows the classification of beacon 
enabled and non-beacon enabled modes. 

 

 
(a)Star topology          (b)Peer-to-peer topology 

 
Fig 4.Topologies for WSN 

 
One special type of peer-to-peer topology is a cluster-
tree network in fig 4, which is highly static once it 
has been formed. The network consists of clusters, 
each having a coordinator as a cluster head and 
multiple devices as leaf nodes. A PAN coordinator 
initiates the network and serves as the root. The 
network is formed by parent-child relationships, 
where new nodes associate as children with the 
existing coordinators. A PAN coordinator may 
instruct a new child FFD to become cluster head of a 
new cluster. Otherwise, the child operates as a device. 
Node operations in a cluster-tree network are 
specified by ZigBee. 
 
V. CSMA-CA MECHANISM 
 
In non-beacon enabled mode CSMA-CA mechanism 
(fig 5) is used. When a device wants to transmit data, 

it waits for random number of backoff period. Then 
checks whether medium is idle. If yes, then data is 
transmitted if no then device backs off again. 
 
IEEE 802.15.4 supports both slotted and unslotted 
CSMA-CA 
In both case, the algorithm uses units of time called 
back off periods, which is equal to a Unit Backoff 
Period symbols 
 
 Slotted CSMA-CA algorithm 
When superframe structure is used in PAN slot, 
CSMA-CA is used. The backoff period boundaries of 
every device in PAN are aligned with the Superframe 
slot boundaries of PAN coordinator. Each time a 
device wishes to transmit data frames during CAP, it 
shall allocate the boundary of next backoff period. 
 

 
Fig 5.CSMA-CA mechanism 

 
 Unslotted CSMA-CA 
When beacons are not being used in PAN or a beacon 
cannot be located in a beacon-enabled network, it is 
unslotted CSMA-CA. The backoff periods of one 
device do not need to be synchronized to the backoff 
periods of another device  
Each device has 3 variables: 
1. BE 

 BE stands for backoff exponent. CSMA-CA waits for 
random(2BE-1)unit backoff period before attempting 
to assess a channel MinBE (macMinBE):0~3, default 
3 
2. NB 
NB is no. of times the CSMA-CA algorithm was 
required to backoff while attempting the current 
transmission. 
If NB is greater than MaxCSMABackoffs the CSMA-
CA algorithm terminates 
macMaxCSMABackoffs:0~5,default 4. 
3. CW 
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CW stands for contention window length and is only 
used for slotted CSMA-CA  
The no. of backoff periods that need to be clear of 
channel activity before transmission can commence. 
It is initialized to 2 before each transmission attempt 
and reset to 2 each time the channel is assessed to be 
busy. 
 
VI. SIMLUATION 
 
The simulation work of AODV protocol for 50 sensor 
nodes along with a PAN coordinator is shown below. 
 

 
 

Fig 6.NAM file for PAN coordinator channel scanning 
 
The above diagram shows that simulation has started 
with topmost node as PAN coordinator and 50 sensor 
nodes. As the node performs active channel scan. It 
calculates highest antenna height and distance 
between nodes. 
 
Each node scans the channel, begin to transmit 
beacons. The request is sent for transmitting data 
(packets) after receiving request node sends 
acknowledgement along with the beacons.  
 
GRAPHICAL REPRESENTATION 
 

       
 
 

Above figure shows graph of throughput (kbps) 
versus time (msec).The time is varied from 0 through 
10msec. 
It is observed that upto 2msec the graph is increasing 
to 20kbps, and then it decreases and again rises from 
10kbps upto 31kbps from 4msec to 10msec. 
 
CONCLUSION 
 
In this paper, we found out throughput analysis for 
sensor network having 50 mobile nodes. Throughput 
graph was plotted with respect to time period. We 
observed from the graph that throughput increased 
gradually after 4miliseconds and throughput reaches a 
height of 31kbps.Thus AODV protocol proves to be 
efficient with respect to throughput. Unlike 
throughput it is also possible to analyze other 
parameters using various proactive as well as reactive 
protocols in future. 
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