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Abstract

Wireless access technology is a popular means of delivering various telecommunication services to users in Nigeria. Wireless Mesh
Networking and Wireless Sensor Networking have found useful applications in wireless access systems, surveillance and
infrastructure Management. A key problem associated with this technology is performance degradation in terms of Quality of Service
(QoS). Achieving good QoS in Wireless Networks design involves implementing a robust routing optimization technique. Genetic
Algorithm (GA) technique in NS2 network simulator was used to implement routing optimization in order to solve the performance
issues experienced in a campus-based Voice over Internet Protocol (VolP) communication system. The Interference and Load Aware
(ILA) routing metric was chosen as the fitness function which helps to select the best route from a set of identified traffic paths that
best guarantees low delay, high throughput and low packet losses suitable for real time communication. Results show that the GA
based route optimization produced a 23% improvement in Throughput, 11% less Delay and 16% less Packet loss in comparison to the

non-GA route. This work shows that route optimization in wireless multi-hop networks based on GA and ILA improves its QoS.
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1.0 INTRODUCTION

Broadband access provision is a big challenge
considering the increased demand for services today.
Wired connections may not offer the best solutions
considering issues such as cost, implementation time and
hardware constraints. Wireless mesh networking provides
the required wider connectivity at lower cost than wired
networks as it offers robust and maintenance friendly
alternative while providing reliable service coverage. As
noted in [1] priority access must be given to voice in
consideration to coverage, capacity and Quality of Service
(QoS) in the design, planning and implementation of Wi-
Fi systems for mixed voice and data. Optimization of route
selection in the network could improve QoS thereby
improving reliability and quality delivery. Shila and Anjali
[2] noted that traditional routing protocols usually consider
the shortest route between end nodes as the preferred
optimal route which is mainly motivated by the hop-count
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metric and considerations for mobility and energy.
However, in mesh networks, these two considerations do
not suffice. Selecting the shortest route (Hop Count)
between nodes may only be optimal if the various links in
the network have identical characteristics which are
usually not so in wireless systems. In reality, there exist
considerable differences between links in a wireless
network such as delay, loss, bandwidth and throughput
which have considerable influence on the quality of the
link.

According to [3], application of routing protocols
with carefully chosen metrics will improve performance in
the VOIP network, in doing so, the optimization algorithm
should be designed to find the best communication route
for real time services such as voice from the source to
destination. In choosing an end-to-end route through a
network, one needs to take into consideration the
cumulative cost of that chosen route in terms of load,
bandwidth, interference and length along the route. Mesh
networks as shown in Figure 1 are mostly used for last-
mile connections to networks. Consequently, this leads to a
high concentration of Access points in a small
geographical area sharing the same medium, hence
interference results. This leads to performance degradation
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in terms of throughput achieved and end-to-end delays. It
is this requirement for achieving higher performance in
mesh networks at higher scales that have necessitated
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research into routing and QoS strategies for mesh
networks.
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Figure.1: Wireless Mesh Network (Johnson et al., 2007)

Several algorithms have been proposed for route
optimization in a wireless networks. In [5] a subnet-based
direct tunnelling techniques to improve the routing
efficiency for mobile IP for application to wireless LAN
was proposed. Their approach can maximize the use of a
bi-directional tunnel while maintaining transparency to
existing hosts. Their result shows that the proposed
algorithm improves packet routing efficiency while
reducing handoff latency for mobile nodes. However, [6]
has shown that optimization using non-intelligence-based
techniques involves static distances, cost and defined
constrains. They are however unsuitable for use in
dynamic and uncertainty conditions because these
conditions make parameter optimization a complex task.
Due to this complex, dynamic, and often unknown
operating conditions, recent route optimization algorithms
rely on artificial intelligence and machine learning based
algorithms.

Genetic Algorithm (GA) provides remarkable
generality and versatility and have been applied in a wide
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variety of settings in wireless networks. In [7] the use of
GA to solve the shortest route problem in a sensor network
was proposed. Simulation result shows that the algorithm
was able to rapidly converge at a known optimum with
very high probability. A comprehensive review of the
application of GA to sensor network and route
optimization is presented in [8]. Mualuko et al [9]
proposed an algorithm using Fuzzy logic and Ant Colony
Optimization (ACO) algorithm. While Fuzzy logic was
used to calculate the total node cost the ACO was used as a
search tool to establish the shortest route. A route
optimization algorithm for WMNs based on the neuro
fuzzy logic was proposed in [10]. Their result shows that
Neuro fuzzy based algorithm for route optimization in
wireless network is scalable and adaptable for dynamic
network topology and real network environments.
Manikandan, et al., [11] applied cuckoo optimization
algorithm with Markov Chain model for optimal route
selection for Wireless Sensor. Their result shows an
improvement over existing algorithms in terms of packet
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delivery ratio and nodes life time. Zhang and Liao [12]
proposed the use of neural network-based machine
learning approach route optimization in local area
networks. Their findings shows that improved result is
obtained when training the neural network system to get
2.4% time delay with 5 nodes in local LAN. Okwori et al
[13] investigates the performance of two meta-heuristic
algorithms; the ACO and Firefly Algorithms (FA) for
route optimization in a wire network. Their result show
that FA was able detect routes with less cost than those
detected by ACO for short routes while ACO performed
better with longer routes.

While a lot of research have been conducted in the
area of route optimization, the general finding based on the
study conducted is that hybridization may provide better
performance than a single algorithm. In this study, a GA
technique is proposed for optimal route selection to
guarantee reliable communication in a campus VOIP
network while the Interference and Load Aware (ILA)
metric was used as the Fitness Function for the GA
technique. Most literature available on QoS considerations
for wireless multi-hop networks emphasizes hop count and
the shortest route as the optimal, which in our
consideration would be inadequate to fully guarantee
optimal quality of service in the network to cater for real-
time services such as voice. In order to adequately cater
for the randomness and interference associated with
wireless medium, the paper made a choice of the ILA
routing metric that best accounts for interference,
bandwidth and channel switching for the wireless network.
Consequently, the work presented in this paper is
significant in two aspects. One aspect is that it
demonstrates that routing optimization using GA helps
make a good choice from a set of contending routes from
source to destination in a wireless network. This routing
optimization process is very vital in QoS assurance in
Wireless multi-hop networks [14]. Secondly, the
application of the ILA routing metric as the fitness
function for the GA process ensures that the best routes are
chosen. Mohammed [15] shows that ILA proves to be the
best metric that accounts for all the constraints that affects
routing in wireless multi-hop networks.

2.0 METHOD

The process implemented for this study from
system simulation to performance evaluation as shown in
Figure 2. The NS-2 network simulator was used to develop
a test bed for network performance and analysis as well as
for comparing the GA routing with the non-GA routing.
The NS-2 is a discrete event simulator, popularly used for
simulation in wireless and ad-hoc networks, and
extensively in wireless research.
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2.1. System Simulation

A Wireless Mesh Network (WMN) system was
developed using the network simulator in such a way that
its characteristics would be the same as a typical campus
WLAN with APs, Routers and Mesh Clients. A designated
Source and Destination was chosen and the program
selects all likely routes from end to end as the initial
population of possible routes in the network. The likely
routes that a packet will traverse from the chosen source to
its destination were identified and stored as the initial
population for use in the algorithm. Table 1 shows some
of the input parameters used in the simulation.

Wl?mcl;;md Choose
using NS2 Src/Dest Node
Repeat
------------------ Process
I
| Configure ILA & Generate all
I Conduct Fitness likely routes
Evaluation of from Src to
I routes. Dest.
L e I
Apply
Algorithm and Performance
transmit on Evaluation
fittest route

Figure 2. Process Methodology

Table 1: Parameters Used for Wireless Simulation

e Two Ray Ground

Antenna Omni-Directional
with unity gain

Number of Nodes 40

Simulation Area 1000m by1000m

Simulation Time 35s

MAC Protocol IEEE 802.11

Layer 2 Protocol AODV

Network Protocol VOIP

Packet Size 512
Transport Protocol TCP

2.2.  Algorithm Development
The GA/ ILA Algorithm implemented in this work
is shown at the flowchart in Figure 3.
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Figure 3. Process Methodology

All the candidate routes selected from the first Random Population
stage will make up the initial solution set (random
population) for the GA in the selection stage. The GA |:| |:| D
process described follows the work of Pries et al., [14] as D |:| D

shown in Figure 4.

Tnitialize

2.2.1 Random Population tf}ﬁl:ﬁﬁim D |:| |:| |:| I:l D ﬂfwr

The random population consists of all likely routes
from the source to destination through all the intermediate

Best|Individuals Offspring of Best

New Population Individuals
nodes between the source and destination. Here nodes are \fiation
encoded as chromosomes. |:| |:| |:| « |X| % ‘ N |X| N
Next Generation

2.2.2  Fitness Function MM Individual

A fitness function is an objective function used as
a figure of merit to determine how close a solution is the
desired solution. The chosen fitness function is applied in Figure 4: GA Process [14]
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NS-2 Genetic.cc script to all the selected routes in order to
compute the fitness value of each likely route. The
resulting value obtained from this operation will either
qualify or disqualify a route from consideration as a
candidate route. This thus puts a weighted value (cost) on
each of the routes generated in the random population.
2.2.3 Encoding

The encoding process generates chromosomes
(node_ids) that uniquely identifies each route and shall
form the basis for the GA manipulation process to generate
offspring.

Selection: Selection process involves choosing
individual routes from the initial population with high
probability of survival as either the preferred route or as
parent that produces a new generation of fit and desirable
offspring.

2.2.4  Crossover

This is the process of generating a route from two
parent routes through a recombination process. A
crossover point is chosen at a node with higher link cost
than the threshold unsuitable for data transmission.
2.2.5 Mutation
The mutation operation avoids the problem of the
solutions being stuck at a single route in the algorithm
process. Mutation helps to diversify the population, thus
helping GAs to avoid local optima and pave the way
towards global optima [8].

2.3 Routing Metric/Objective Function

Most available literature on routing optimization
in wireless mesh networks tied link cost to hop count,
preferring the shortest path as the optimal path. For this
work, we have chosen an efficient routing metric for
fitness evaluation. An efficient routing metric is chosen to
reflect the randomness in wireless transmissions.
According to [16], the Interference and Load Aware (ILA)
metrics, a hybrid metric, takes into consideration most of
the constraints affecting wireless data transmission such as
interference (intra-flow and inter-flow), throughput, load,
channel switching cost and packet loss. ILA metric is
expressed as follows [16]:

ILA(r)=a* > MTl,+ ) CSC, (1)

linkler nodeier

Where r is the route, MTI = Metric of Traffic Interference,
and CSC = Channel Switching Cost. The parameter, MTI
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is the amount of traffic generated by interfering nodes on
the route expressed as follows:

MTI;(Q) = ETT;;.(Q) X AlLjy (Q), N, # 0 @)
MTI;(Q) = ETT;;(Q) X Ny(Q) = 0 ©

In equations (2) and (3), the parameter ETT
differentiates between transmission rates and packet loss
ratios, whereas the parameter AIL (Average Interfering
Load) for nodes (i) and (j) that use channel Q for
transmission is expressed as follows:

ILj (Q)
AlLj, = ’N (4)
Np, L
Where,
ILj = Neighbour Interfering Load
N (Q) = Interfering Nodes set of neighbours j and

k. A scaling factor « is applied to MTI metric for balancing
the difference in magnitude of the two components (MTI
and CSC). The term a can be evaluated as follows:

1
— = min(ETT) X min(4IL); N(Q) # 0 (5)
—=min(ETT); N,(Q) =0 (6)
Where,
min(AIL) = Load Average, and
min (ETT) = Least ETT.

The CSC component is expressed as follows below:

é = min(ETT) x min(AIL); N (Q) # 0 7

L min(ETT),N, (Q) =0 ®)
(04

According to [16], estimation of interfering nodes’ load is a
key issue of this metric, but in our case, this parameter was
obtained from the load entries in HELLO messages used
for route setup in the network.

In the simulation, the system selects 7 distinct routes

through which data transmission could occur as shown in
Table 2
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Table 2: Initial Population of Routes

Route No. Route Route Colour
1 34-27-28-24-2-12-10-9-22 Yellow

2 34-18-5-4-3-1-30-22 Green

3 34-17-19-0-6-14-8-31-22 Blue

4 35-17-19-0-15-7-8-31-22 Orange

5 34-35-33-16-21-15-7-8-31-22 Purple

6 34-35-33-32-16-20-0-15-7-8-13-22 Brown

7 34-18-19-0-6-14-29-1-30-13-22 Violet

Before data transmission takes place, “costs” are appended
to each link of every route as programmed in the
genetic.cc script. Data transmission eventual occurs along
the route where the route cost is below the threshold
required for the transmission to take place. For instance,

route 6 was chosen as the optimal route as shown in Figure
5. If for any reason, the selected route (Route 6) does not
meet the bandwidth or other constraints set by service,
other genetic operations such as Crossover and Mutation
will kick in to select another optimal route.
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Figure 5: Simulation Window and nodes

The fitness for each route is calculated using the
ILA Fitness function in the NS2 script and appended to the
route realtime. A trace file of the simulations was analysed
and the performance indicators computed after repeating
the process randomly without routing optimization. The
GA process in the algorithm is implemented such that the
optimal route may result in one iteration if the conditions
and threshold for packet transmission is met for the data at
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that instant. Also, other genetic operations (crossover,
mutation) follow if the selected route falls below the
threshold for data transmission. Lastly, the process repeats
until the optimal route is found.

The NS-2 simulation of the Route Optimization
process generates a trace file detailing the duration, packet
size, neighbor relation among the nodes, sequence
numbers, packet_id etc. It is from this trace file that an
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Alfred Weinberger Kerninghan (AWK) script is written to
generate functions used to evaluate the parameters of
interest such as throughput, delay and packet loss. In the
performance evaluation carried out, a comparison is made
between the parameters of interest obtained from the GA
based routing algorithm and a Non-GA based routing.

3.0 RESULTS AND DISCUSSION

Analysis of the result of the GA simulation
process from the NS2 simulator was carried out. An AWK
script written in C++ was used to filter parameters of
interest which were computed and plotted using
MATLAB. One of the most important performance
indicators used in the evaluation of data transmission

systems is the average throughput of the system over a
given time interval. The throughput indicates how much of
the sent data intended for transmission through the
wireless medium to the receiver actually reached the
destination. This in turn shows an indication of the QoS
offered by the system or technique under evaluation.
Figure 6 show a plot of throughout vs time for both the GA
based and Non GA based routes. From Figure 6 it is seen
that given the same network conditions, the mean
throughput of the GA system was 490.9 kbps while the
mean throughput of the Non-GA packet transmission was
measured to be 399.5 kbps. This result therefore shows an
improvement of 22.88% in throughput in the GA based
route over the non-GA based route.

Throughput

7oa

Throughputi{kbps)
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Figure 6: Throughput Vs Time

End to end delay is a very serious consideration
for certain data based and real-time systems such as voice
systems more so when we are considering a VOIP system.
The result obtained from end to end delay comparison is
shown in Figure 7. The GA based route shows a mean end-
to-end delay of 0.5323ms while the non-GA route showed
a mean end-to-end delay of 0.5902ms. Hence, the non-GA
route experienced an end-to-end delay of about 10.88%
more than the GA based route
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Packet loss is another critical factor in voice
systems. Packet losses in VOIP systems results in
incoherent speech. Figure 8 compared packet losses in the
GA and the Non GA based systems. From Figure 8, the
mean packet loss ratio of the GA based route is 0.05055
while the packet loss ratio of the non-GA route is 0.05881.
The random non-GA routing experienced 16.34% more
packet losses than the GA routing scenario.
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4.0 CONCLUSION

In this paper, a routing optimization using GA and
ILA in selecting optimal routes for voice communication
in a campus based wireless communication system is
presented. In this technique, the ILA routing metric is used
as the as the fitness function. The results obtained in terms
of QoS parameters of delay, throughput and packet loss
show that significant performance improvements were
obtained from optimized routes using GA/ ILA based
techniques compared to non- GA based technique. The
optimal route guarantees low end-to-end delay, low packet
loss, and higher throughput for any instance of
connectivity between two nodes. Thus, the GA based route

optimization produced a 23% improvement in Throughput,
11% less Delay and 16% less Packet loss in comparison to
the non-GA route.
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