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Abstract
A wireless Ad-hoc network consists of wireless nodes 
communicating without t  he need for a centralized administration, 
in which all nodes potentially contribute to the routing process. 
In this paper, we analyze packet scheduling algorithm to find 
those that most improve performance in congested network. 
Hence, a scheduling algorithm to schedule the packet based 
on their priorities will improve the performance of the network. 
Packet schedulers in wireless ad hoc networks serve data 
packets in FIFO order. Here, we present a fuzzy based priority 
scheduler for mobile ad-hoc networks, to determine the priority 
of the packets using Ad hoc on demand distance vector (AODV) 
as the routing protocols. The performance of this scheduler 
has been studied using OPNET simulator and measured such 
as packet delivery ratio, end-to-end delay and throughput. It is 
found that the scheduler provides overall improvement in the 
performance of the system when evaluated under different 
load and mobility conditions. In this proposed model as shown 
in fig.1, from the simulation results, the packet delivered for 
AODV improves by 38% for a total transmission of packets and 
end-to-end delay decreases by around 0.4seconds.
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I. Introduction
A collection of nodes that communicate with each other by 
forming a multihop radio network and maintaining connectivity 
in a decentralized manner is called an ad hoc network. There 
is no static infrastructure for the network, such as a server 
or a base station. The idea of such networking is to support 
robust and efficient operation in mobile wireless networks by 
incorporating routing functionality into mobile nodes. In the 
proposed networks as shown in fig.1, the mobility of nodes 
and the error prone nature of the wireless medium pose many 
challenges like frequent route changes and packet losses. Such 
problem increases packet delay and decrease throughput. Also 
the absence of a base station and forwarding of packets across 
multiple broadcast regions makes it difficult to satisfy a flow's 
end to end QoS target.
       

   
Fig. 1 : A proposed model of ad hoc network.

To improve the performance and maintain the QoS in MANET 
the scheduler can be used. C. Gomathy et al. [1] has been 
design a fuzzy based priority scheduler to determine the priority 
of the packets. Kumar et al. [2] defined how to improve the end-
to-end QoS target in MANET. Mary Bader et al. [3] has focused 
primarily on routing protocols –how to router packet hop by hop 
as efficient as possible and medium access control (MAC – how 
to share the medium efficiently. Based on those papers, we 
are trying to explore how to achieve the better performance of 
end-to-end QoS target in MANET.
In this paper, to provide a fuzzy based priority scheduling 
scheme, this improves the QoS parameters in wireless ad 
hoc network. Hence, introducing a scheduling algorithm to 
determine which queued packet to process next will improve 
the overall end-to-end performance. Without scheduling, the 
packets will be processed in FIFO (First in First out) manner 
and hence there is frequently dropped the packets. A scheduler 
should schedule the packets to reach the destination quickly, 
which are at the verge of expiry. To incorporate the scheduler 
for the existing routing protocols, various routing protocols 
are studied [4 – 6]. We propose a fuzzy based scheduler the 
packets is determined based on number of hops the packet 
has suffered and the channel capacity [7]. The fuzzy algorithm 
for finding the priority of the packet based on some attributes 
of the packets is devised and coded in C language. The C 
code is linked with OPNET and is tested. It is found that the 
proposed fuzzy scheduler provides improved packet delivery 
ratio, reduced end-to-end delay and increased throughput as 
shown in Table 3.

II. Scheduling Schemes for  Protocols

A.  AODV Protocol
Destination Sequenced Distance Vector (AODV) [10] is a 
Proactive routing protocol that requires each mobile station 
to advertise, to each of its current neighbours, its own routing 
table. The entries in this list may change fairly dynamically 
over time, so the advertisement must be made often enough 
to ensure that every mobile computer can almost always 
locate every other mobile computer. In addition, each mobile 
computer agrees to relay data packets to other computers 
upon request. At all instants, the AODV protocol guarantees 
loop-free paths to each destination. Routes with more recent 
sequence numbers are always preferred as the basis for 
making forwarding decisions, but not necessarily advertised. 
The routing updates are sent in two ways: a “full dump” or 
incremental update. When the network is relatively stable, 
incremental updates are sent to avoid extra traffic and full dump 
are relatively infrequent. The updates can be time triggered 
(periodic) or event triggered. When any new or substantially 
modified route information is received by a Mobile Host, the 
new information will be retransmitted. When a stabilized 

Performance of QoS in Wireless Ad hoc Network for AODV 
Protocol using Fuzzy Based Techniques

1M. Nasim Faruque, 2Dr. S. N. Ahmad, 3Dr. Manoj Kumar
1Deptt. of Elect. & Comm. Engg., GCET, Greater Noida 

2Deptt. of Elect. & Comm. Engg JMI, New Delhi
3Deptt. of Electrical & Electronics Engg., Graphics Era University, Dehradun, India



42 InternatIonal Journal of electronIcs & communIcatIon technology

IJECT Vol. 2, IssuE 2, JunE 2011 ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

route shows a different metric for some destination that 
would likely constitute a significant change that needed to be 
advertised after stabilization. If a new sequence number for 
a route is received, but the metric stays the same, that would 
be unlikely to be considered as a significant change. Newly 
recorded routes are scheduled for immediate advertisement 
to the current Mobile Host’s neighbours. Routes which show 
an improved metric are scheduled for advertisement at a time 
which depends on the average settling time for routes to the 
particular destination under consideration.

B. Scheduling Schemes 
For improving the performance of the mobile ad-hoc networks, 
a scheduler can be used. There are several scheduling policies 
for different network scenarios. In AODV, the remaining hops 
to a destination are stored in own routing table, but  the 
entries in this list may change dynamically over time, so the 
advertisement must be made often enough to ensure that every 
mobile computer can almost always locate every other mobile 
computer. The drop tail policy is used as queue management 
algorithm in all scheduling algorithm. It drops packets from 
the tail of the queue when channel capacity is full. Except for 
the no priority scheduling algorithm, all the other scheduling 
algorithms give higher priority to control packets than to data 
packets. In priority scheduling, control and data packets are 
maintained in separate queues in FIFO order. Currently, only 
this scheme is used in mobile ad-hoc networks [8]. Considering 
the suitability of the different types of scheduling methods 
for MANET, several scheduling schemes have been proposed 
[7, 9]. Since the two variables viz. channel capacity and data 
rate are considered as input variables, using the fuzzy logic to 
find the priority index of the packet is found to be suitable in 
improving the overall performance of MANET. 

III. The Fuzzy Scheduler

A. Fuzzy logic
Fuzzy systems are defined with a strong mathematical basis. 
Fuzzy systems are rule based systems. Fuzzy system is a 
rule base which consists of a set of IF-THEN rules. The rules 
are statements in which some works are characterized by 
continuous membership function. A fuzzy system is basically 
made of a fuzzifier, a defuzzifier, an inference engine, and 
a rule base as shown in fig. 2. The role of the fuzzifier is to 
map the crisp input data values to fuzzy sets defined by their 
membership functions defuzzifier is to map the output fuzzy 
sets to a crisp output value.

 
Fig. 2: Basic Fuzzy System.

B. Fuzzy Scheduler
Fuzzy logic implements human experiences and preferences 
via membership functions and fuzzy rules. The fuzzy scheduler 
proposed here, calculates the priority index of each packet. 
The fuzzy scheduler uses two input variables and one output 
variable. The two input variables to be fuzzified are the data 
rate and channel capacity of the nodes to which the packet 
is associated with. The inputs are fuzzified, implicated, 
aggregated and defuzzified to get the crisp value of the output. 
The linguistic variables associated with the input variables 
are Low (L), medium (M) and high (H). For the output variable, 
priority index, six linguistic variables are used. They are, very 
low (VL), low (L), medium (M), average (A), high (H) and very 
high (VH). The membership functions of these variables are 
shown in the fig 3. All membership functions are chosen to 
be triangular.  The table 1 shows the fuzzy conditional rules 
for the fuzzy scheduler. The first rule can be interpreted as, "If 
(channel capacity is low) and (data rate is low) then priority index 
is low". Since in this rule, data rate and channel capacity are 
low and the priority index is set to be low. Similarly the other 
rules have been developed. The output priority index, if very 
low, indicates that packets are associated with low delay, are 
attached with a very high priority and should be immediately 
scheduled. The surface viewer for the fuzzy scheduler in case 
of constant data rate and channel capacity is shown in fig. 
4 Similarly, if the priority index is very high, it indicates that 
packets are attached with least priority and will be scheduled 
only after the high priority packets are scheduled.

IV. Performance Evaluation
The proposed fuzzy scheduler is evaluated using OPNET 
simulator. The algorithm is evaluated in terms of the metrics 
such its packet delivery ratio, average end to end delay and 
throughput and the results are presented in this section.

A. Simulation Environment and Methodology
Our simulation modeled a network of mobile nodes placed 
randomly within 250x250 meter area. Each simulation is run 
for 600 seconds of simulation time. Multiple simulations run 
with different seed values were conducted for each scenario 
and collected data was averaged over those simulated results. A 
free space propagation model was used in our simulation. Each 
source transmits data packets at a minimum rate of 5packets/
sec. and maximum rate of 15packets/sec. The traffic load 
is varied, by changing the number of data and the effect is 
evaluated on scheduler with AODV routing protocols.

(a)
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(b)

(c)
Fig. 3 : Membership Function with input and output 
variables. 

Fig. 4 : Surface viewer for the fuzzy scheduler in case of constant 
data rate and channel capacity.

Table 1 : Fuzzy Rule Base
DR-Data rate   CC-Channel capacity

          CC
DR L M H
L L A M
M VL M H
H A A VH

The following metrics are used in computing the scheduler 
performance: 

Packer delivery ratio• 
Average end-to-end delay• 
Throughput• 

B. Performance evaluation of fuzzy scheduler 
The priority index that has to be associated with each packet 
is determined using fuzzy logic. The inputs to determine the 
priority index are the channel capacity of the node in which the 
packet is present and the data rate. The inputs are received 
for a network and rules are evaluated using these inputs. Each 
evoked rule provides an output membership function. These 
output membership functions are then implicated, aggregated 
and the crisp priority index is calculated from this aggregated 
curve using centroid method of defuzzification. The C code for 
fuzzy scheduler is verified using the MATLAB fuzzy tool. 

Table 2 : Simulation Parameter
No. of Nodes 5
Area 250*250 m
Simulation Time 600 sec
Node Placement Random
Mobility Model Random waypoint
Speed 0-20 m/s
Propagation Model Free space
Channel Bandwidth 5.5 Mbps
Traffic Type CBR
Data Payload 1024bytes/packets
Routing Protocol AODV
MAC Protocol IEEE 802.11

C. Performance Evaluation 

Using Ns - 2
The simulation has been implemented using OPNET simulator. 
First, the input variables used in fuzzy logic C code are identified. 
Then the calculated priority index is used for scheduling the 
data packet. By this way of scheduling, the packets in highly 
congested queues are given first priority for sending. As a result 
of this, the number of packets delivered to the sender, the end-
to-end delay of the packet transmission and the throughput 
improves. The input channel capacity is fixed, which is present 
in the physical layer of the simulator. For each hop it reduces 
by 1 if the channel capacity is full and packet suffers excessive 
and its falls to zero. As a result of this, the packet is dropped. 
If this variable is used as input to the scheduler for finding 
the priority index, a packet with a very low value is given the 
highest priority. Hence due to this, the dropping of packets 
experience multihops gets minimized. The next input to the 
scheduler is the data rate of transmission and it is normalized. 
If the packet is present in a highly crowded node, it suffers 
excessive delays and gets lost. So, such a packet is given a 
higher priority and hence it gets saved. The priority index is 
calculated with the inputs obtained from the network layer. 
This is then added to the header associated with the packet. 
Hence whenever the packet reaches a node, its priority index 
is calculated and it is attached with it. Each node has three 
queues. Each queue in the node is sorted based on the priority 
index and the packet with the lowest priority index (i.e. packets 
with the highest priority), is scheduled next, when the node 
gets the opportunity to send. By this method of scheduling, 
the overall performance increases. The performance of the 
network with the fuzzy code and without the code is studied 
under various conditions such as variation in network load and 
mobility of the nodes. In this simulation, the mode mobility 
is set at 5m/s and network traffic load is large. The routing 
protocol is chosen to be AODV. Now the impact of node density 
on scheduler performance has been evaluated. The packet 
delivery ratio as a function of number of nodes is shown in 
fig 5. The performance of fuzzy scheduler with reference to 
the packet delivery ratio is much improved as compared with 
that of one without scheduler. It is also seen that for small 
loads, the scheduler does not provide much improvement, 
but the traffic load is increased the improvement is more. The 
average and to end delay performance as shown in the fig. 6, 
it proves that the end-to-end delay improves by 0.4 sec when 
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scheduler has been introduced. This performance is achieved 
by the crisp calculation of the priority index. A mobility model 
should attempt to mimic the movement of the real mobile 
nodes in this simulation; each node is moved constantly with a 
predefined speed. Moving directions of each node are selected 
randomly. When nodes reach the simulation boundary, they 
are bounced back and continue to move. The mode movement 
speed or the mobility of the nodes is varied from 0 m/s to 20 
m/s. Number of nodes is set as five and the routing protocol 
is selected to be AODV.

Fig. 5 : Packet delivery ratio as a function of network size.

Fig. 6 : Average end-to-end delay Vs network size.

The fig.7 shows the performance curve of Packet delivery ratio 
Vs mobility, for the simulation with fuzzy scheduler and without 
scheduler. It is clear that the packet delivery ratio is at the higher 
side for the network with scheduler. Even though, the delivery 
ratio reduces as mobility approaches 20 m/s, there is always 
an increase of 14% in the performance of fuzzy scheduler as 
shown from the simulated results. In the fuzzy scheduler, there 
is a less degradation in performance as the number of nodes 
increases above 80. This is due to increase in number of hops 
the packets have to take for reaching the destination. But still, 
the end-to-end delay in much small compared to that of the 
network without scheduler. It can be inferred from the fig. 7 
and 8 that the fuzzy scheduler provides a better performance 
in terms of the end-to-end delay and throughput in byte/sec. As 
the mobility varies from 0-20 m/s, the fuzzy scheduler provides 
an end-to-end delay reduced by around 0.2 sec. to 0.5 sec.

D. Scheduler Performance with AODV routing 
protocols
The above simulation scenario, the fuzzy scheduler is tested 
with AODV routing protocols available in OPNET simulator. The 

placement of node is set to random and number of nodes is 
selected as five. The simulation is run with number of packets 
to be transmitted equal to 80000 packets. The performance 
is evaluated with different seed value and the average value is 
taken for all the performance metrics. The results are shown 
in the table 3. As seen from the above results, it is clear that 
there is always improvement in the performance of the fuzzy 
scheduler, for the AODV routing protocols as mentioned in 
the table 3. From the simulated results, the packet delivered 
for AODV improves by 38% for a total transmission of 80000 
packets. The end-to-end delay decreases by around 0.4seconds 
for AODV. From the results it is clear that the fuzzy scheduler 
works better for the AODV protocols, tested under different 
load and mobility conditions.

Fig. 7 : Pa ket delivery ratio Vs mobility.

Fig. 8 : Throughput Vs mobility

V. Conclusion
In this paper, to provide a fuzzy based priority scheduling 
scheme, this improves the QoS parameters in wireless ad hoc 
network. It combines the input parameters such as channel 
capacity and data rate and to find the priority index. The crisp 
value is calculated based on input of fuzzy scheduler, which is 
derived from the network. The memberships functions and rule 
bases of the fuzzy scheduler has been designed. The coding 
is done in C language and output is verified using MATLAB 
fuzzy tool.
Table 3 : Performance metrics for routing protocol



 InternatIonal Journal of electronIcs & communIcatIon technology 45

IJECT Vol. 2, IssuE 2, JunE 2011ISSN : 2230-7109(Online)  |  ISSN : 2230-9543(Print)

w w w . i j e c t . o r g

Routing 
Protocol

Packets Delivered

With 
Scheduler

Without 
Scheduler

AODV 34950 19919

Throughput

AODV 21765 11765

End to End delay

AODV 0.71 1.197
In this paper, the performance of the fuzzy scheduler has been 
proposed for wireless ad hoc network using OPNET simulator. 
It is found from the results that, priority scheduling helps in 
effective routing of packets without minimum loss and delay. 
In this proposed model as shown in fig.1, from the simulation 
results, the packet delivered for AODV improves by 38% for a 
total transmission of packets and end-to-end delay decreases 
by around 0.4seconds. Based on the results, we conclude that 
the proposed fuzzy based scheduling algorithm performs better 
compared with the network without scheduler. 
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