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Abstract— The Multi-Radio Multi-Channel Wireless Mesh Network (MRMC WMN) is an emerging technology for promoting
a variety of applications. In this paper, the issues of channel assignment have been studied in which channels are assigned to
different links and enhance the entire network performance. For MRMC WMN, the issue of channel assignment proved to be
NP-complete. In this paper, joint Binary swarm optimization technique (BPSO) and linear programming (LP) has been
proposed, in which BPSO algorithm is used to solve the issue of channel assignment by using linear programming model. To
deal with these issues, a linear objective function has been used in the BPSO algorithm to evaluate the fitness value of each
particle. Moreover, a rate-variable model has been proposed to enhance the network performance, wherein the physical
interference model has been used to assess the capacity of the network. The simulation results show that the proposed
technique efficiently improve the network performance.
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Nowadays all-around the world Wireless Mesh Networks T
(WMN) is being integrated for the objective of allowing Wirelass Mesh
internet access and offering many other services to the users ___ Beckbone

in the cities. A WMN is an emerging way of communication
because of its low cost and scalable wireless networking,
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discovers the quickest and most reliable routes to transmit
and receive data, even if nodes are broken or lose their
signal. The network instantly has a new node in the present
structure without requiring any improvements by a network
manager. WMNs are very effective wireless technology
when compared to the existing networks like sensor
networks and ad-hoc network because of WMNs automatic
establishing and maintaining network connectivity it can be
used in several applications.
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Figure 1. Wireless Mesh Network

Figure.1 illustrates WMN architecture, in which the router
uses a common channel to communicate with other mesh
routers. Traditionally only one channel used by the entire
network because of wireless routers had only one network
interface card. In addition, in a multi-hop network
throughput reduces tremendously on increasing the network
size. In a single-channel multi-hop network, interference can
arise not only among neighbourhood flows, but also among
neighbourhood hops, it substantially degrades the network
performance.
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In Wireless networks, interference of channels is the major
issue that reduced the overall network capacity. The WMN
generally contains multiple channels. The nodes in WMN
can transfer packets on different channels simultaneously to
eliminate the interference on different channels. The
performance of WMN is increased drastically by exploring
the advantage of Multi-Radio Multi-Channel (MRMC) as
compared to single channel wireless mesh network. With
multi radios, an acquired capacity cannot be completely
recognized, even so, if the process of link scheduling,
routing, and channel assignment are not effectively resolved.
In MRMC WMN channel assignment is the process of
assigning channels to the radio interfaces to obtain the
efficient channel utilization and reduce the interference. By
channel assignment, the bandwidth is determined available
on the network links. In fact, all links in the network which
have the same channel in the interference range unable to
transmit concurrently and share the common channel
capacity [13]. Channel assignment and routing both are
dependent on each other. Channel assignment can help to
determine the link capacity and routing determine the traffic
rate. Channel assignment selection impacts routing selection
predictably. According to IEEE standard radio interfaces
offer several transmission (TX) rates, 11 Mbps for 802.11b
and 54 Mbps for 802.11a/g. Each transmission rate has
different transmission range and spectrum efficiency,
transmission rates are associated with the capacity of the
network.

In this paper, a physical interference model has been
proposed which can assess the capacity more accurately. A
further aspect included in this paper is LP and BPSO
algorithm. To efficiently dissociate these issues, a linear
objective function has been used in the BPSO algorithm to
evaluate the fitness value of each particle. Moreover, a rate-
variable model has been proposed to enhance the network
performance, wherein the interference model has been used
to assess the capacity of the overall network. The simulation
results show that the proposed technique efficiently improve
the network performance.

Rest of the paper is structured as follows, section | includes
the introduction of Wireless mesh network and channel
assignment with its importance in WMN, section Il includes
the related work of channel assignment and routing
techniques in WMN, section 11 includes basic models such
as the network model, transmission and interference model,
After that channel assignment problem has been discussed
and come up with the LP model in section IV. The
performance criteria used in the simulation and the results
have been explained in section V, Section VI concludes the
research work.

Il. RELATED WORK

In MRMC WMN the channel assignment and routing
approaches have been explored by many researchers. The
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author in [3-6] proposed a channel assignment algorithm
merged with time-divided transmission scheduling to
improve the network capacity. The main focus on reducing
the interference which is theoretically defined by the
interference model with no actual traffic delaying loads
allocated over wireless links.

In [2] the authors used linear programming within the
confinement of a minimum number of radio interfaces.
Although in [9] the optimization technique is applied to a
tree-based heuristic algorithm. In [7] and [8] authors
consider genetic algorithms (GAs) which improves the
transmission scheduling and routing. On the contrary, the
previous work restricts the radio number and concentrate on
single-channel without a deal with channel assignment
problems.

In [13] authors proposed a routing method and extend their
work on-demand QoS routing dependent on bandwidth
approximation. In these studies, the main concentrate on CA
and routing techniques with several physical transmission
rates considered radio interfaces. The traditional techniques
for rate variation in [11, 12] concentrate on increasing
throughput on radio links under various channel
circumstances. None of the previous studies give the primary
knowledge of the impact of transmission rate allocation on
the overall network capacity in WMN.

In [16] authors present a centralized and distributed Tabu-
based greedy algorithm which goal to reduce network
interference. In the first stage of algorithm it attempted to
search the optimal results which do not fulfil the
confinement radio number from random allocation. In the
next phase, the issue of a limited number of radio must be
handled since it increased network interference. Therefore,
when a radio number constraint is violated the Tab based
algorithm did not work effectively.

In [14] edge coloring approach applied to channel allocation
and it is assumed that each interface has a distinct
transmitter and receiver antennas. Furthermore, in WMNs
mostly work on channel assignment focus on analytic
studies. In [5] authors investigates channel assignment issue
in multi-radio wireless mesh networks with directional
antennas, and proposed channel assignment techniques in
rural scale WMN test-bed.

In [20] authors developed a centralized approach based on a
measurement to cope with channel assignment to radios
rather than links. The proposed approach assigns channels to
radios to reduce interference in the network and co-located
wireless networks. It uses an interference estimation
technique integrated at every mesh router. Moreover, it
recommended the polling technique for visitors traffic
bandwidth evaluation which take less time as compared to
suggested in [21], To a default channel for a significant time
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period, it still needs redirecting traffic. These approaches go
through from becoming central and complicated to
implement in a real network.

In [17], the researchers proposed a method for the channel
assignment model as a game alliance instead of the non-
cooperative game and then proving the existence of a Nash
equilibrium within such circumstances. That work also
presents a single collision domain and non-overlapping
channels.

In [18] the authors proposed a collaborative solution for the
power and channel allocation examined from the Game
Theoretical perspective and they concentrate on the access
network problem instead of the backbone.

I11.  SYSTEM MODEL

A.  NETWORK MODEL

WMN has been considered with stationary wireless routers
wherein every router is set up with a particular number of
radio interfaces. Let us assume a graph G having V nodes
with E edges, G = (V,E). In graph, a communication link
between two nodes known as edge and each link has a
common channel assigned to a radio in an actual network,
several links have different data transmission rates e.g.,
IEEE 802.1la/g standard enables only 8 distinct
transmission rates: 54, 48, 36, 24, 18, 12, 9 and 6 Mbps. It is
assumed that every single link contains a distinct but
prearranged data rates r,,, and r,,, (m=1, 2, 3,4, 5, 6, 7, 8) to
represent distinct rates.

B. TRANSMISSION AND INTERFERENCE MODEL

In this paper it is assumed that all radios have similar
transmission power, represented as P. If at receiver the
acquired power exceeds a threshold A then the transmitted
data is decodable. Such as, if obtained power from other
transmissions at the receiver exceeds threshold A then the
transmission interferes with other transmissions and cannot
transfer simultaneously. Based on the threshold and
propagation model, transmission rangeR; and interference
range R; has been determined. The physical model of
interference has been assumed to effectively consideration
for the outcomes of adjusting transmission rate and power.
At the receiver, if the Signal-to-Interference and Noise Ratio
(SINR) is completely high to interpret signals then model
has been considered transmission successful. When a signal
is transform by u and SINR at receiver v, is defined as

follow:
Gyv P(euy)
SINRuv N Yxoy=uov GxyP(euy) +ny (1)

Where Guv is obtain of the radio channel among u and v,
P(e,y) power released by u transfer to v, and n, is noise at
receiver v. The receiver v can accurately decode the signal
if SINR,, > VYrm, If u transfers at rater, , where
YrmSignifies the minimal SINR mandatory to effectively
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interpret a signal applying the technique related with rate ry,.
So, the lowest transmission rate has been select to get a
maximum capacity, if the SINR does not fulfil the threshold
value.

C. CHANNEL ASSIGNMENT ISSUE
In WMN the capacity of the network is mainly depending on
the assignment of channels to the links. The main aim for
channel assignment problem is to reduce the total
interference in the network. The number of wireless links
that are interfering with each other defined the total network
interference. However, it should be mentioned that the radio
number on the mesh nodes is generally less than the
available channels, and on any node the number of different
channels allotted to the links should not exceed the number
of radios. The radio number restriction for the channel
assignment can be designed as follows:

IKi| <R )
From the above explanations, the channel assignment issue
for the MRMC WMN can be developed as: Given a graph G
= (V, E), the set of channels K, the radio numberR;, i € V,
discover a function for channel assignment f: Vc—K, in
which Vc is vertices of the graph G, the main goal is to
reduce the overall network interference | (f), where | (f) = |
{(u, v) € Ec | f (u) =f (v)} |.-The main objective of channel
assignment is to increase mesh network capacity. To find a
feasible solution to the problem can be difficult for the broad
network. Therefore, the BPSO algorithm has been proposed
to find the feasible solution for the rest of this content.

IV. BINARY PARTICLE SWARM OPTIMIZATION
(BPSO) TECHNIQUE FOR CA

Many techniques are available to cope with the channel
assignment issue in MRMC WMN. This section presented
the new strategy based on the BPSO algorithm to resolve it.

Binary Particle Swarm Optimization (BPSO) approach is
released by Eberhart and Kennedy. BPSO is motivated from
the habits of the birds, bee and school of fishes. Hence,
BPSO adheres to the behaviour of the organic bird folk. In
providing the data to the population the algorithm contains
elegant compositions of the birds. The key idea to develop
the BPSO is that the data can be distributed to individuals of
the population. It uses the search requirements which can be
depending on the particle population [6]. The technique is
fully based upon the swapping data between individuals in
the population although the population is considered as
swarm and individual are known as particles. BPSO usually
split into two sections of a search such as global
neighbourhood and local neighbourhood. The best position
of a particle in swarm can help an individual to determine its
encounter which is often intended in local search as well as
in global search. In Global best, every particle moves
towards the best particle in the swarm generally known as
gbest model. However, if a particle moves towards its ideal
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particle in the confined area known as best model in the
swarm.

Every particle has their own position, velocity, and fitness

value. BPSO algorithm has usually two updating formulas:

velocity weight and position updating formula. They are as

follow, respectively.

v(t+ 1) = w= v(t) + cirl[pBest(t) — x(t)] +
c2r2[gBest — x(t)] 3)

x(t+1) =x(t) +v(t+1) 4)

Where the parameter used to manage the effect of past
velocities on present velocity is w, also called the inertia
weight. Acceleration coefficients are denoted as c1 and c2.
rland r2 represents the constant random number between
0&1. The present velocity of the particle is v(t) and present
Position of the particle is x(t). Equation (3) calculates the
new velocity of every particle depending upon its past
velocity v(t). gBest and pBest are the two best values which
update the particle after each iteration. pBest is the best
solution of particle obtained so far and gBest is the global
best value in population. Equation (4) gives the updated
position of every particle.

A. ENCODING

The technique of integer encoding has been used depending
on a conflict graph. In channel assignment, the particle's
position shows an achievable solution. For example, in a
graph Gc, At the time t the position of particle i is denoted as
xit = (xiltxi2t,...... ,ximt) where  xikt refers to the
obtainable channels while m refers to the number of nodes.

B. POPULATION INITIALIZATION

First of all, for each particle in the conflict graph a channel is
assigned to each vertex. After that randomly select one
vertex to swap its initial channel to other to ensure viability.
If the achievable resolution cannot be found, then the
channel assignment is uniform.

C. CROSSOVER OPERATION
To make sure that by the developed solution the limitation of

radio number should not be broken, as the position of each ®

particle denoted as an attainable solution. In a mesh network,
if channel swapping takes place on numerous links due to

specialization of channel assignment issue. The issue will be ®

improved to acquire the feasible solution. In such case, to

obtain an existing channel from gBest and pBest ®
respectively, we only pick a random link.

L]
D. COST FUNCTION o

The key goal of the channel assignment algorithm is to
improve the network capacity and reduce the network
interference. Thus, network interference is used as fitness
value in the BPSO algorithm. Fitness function symbolized as

1(P).
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E. ALGORITHM OUTLINE

Algorithm 1 BPSO Algorithm

e  Set the parameters of the BPSO algorithm (such as
population size, generations, etc.)

e For each particle calculate the fitness value F in
the swarm by using its current position stated as
Xi(t).

e Find the best performance particle evaluating it
with the current position.

o IfF(P ibest) = F(Xi)

P ibest = XiP ibest = Xi

After evaluating the performance of each particle

discover the global best particle.

If F(Xi)It; F(P gbest)then

F(P gbest) = F(Xi)

P gbest = Xi

Update the velocity of each particle.

Update the position of each particle.

Do it again step 2 and assess.

e O

® & O O O

V. HEURISTIC ALGORITHM

A heuristic algorithm has been described in this section for
the issues of channel assignment. Usually, the algorithm can
be quicker and generate much better results. To minimize
the interference in the network the algorithm has been
proposed which can easily discover channel assignment
approach.

Initially, a common channel assigned to all links, then
channels are exchanged on all links in the decreasing
sequence and reducing interference of the network. In line 1
of pseudo-code channel 1 assigned to every node and links
are set as possible interference number.

Algorithm: Channel Assignment Algorithm

Input: G = (V, E), C.

Initially set f(e) = 1, e = (i, j) € E, visit each node in the
decreasing order of priority.

Each unassigned incident link (i, j);

Every link initially assigned the maximum available
transmission rate.

Randomly choose a channel c2 € (C- cl) till the
Condition (1) is satisfying.

Exchange the original channel c1; if no candidate
channel c2 can be found, otherwise follow the next step;
Stop

VI. PERFORMANCE EVALUATION

In these experiments, the effect of channel assignment has
been studied in increasing capacity in 802.11a/g-based
WMN. First of all the effect of distinct transmission rates
has been observed and compared with a rate-variable model.
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After that, the BPSO algorithm compared with ILP
algorithm on the best network performance.

A. NETWORK CAPACITY AND TRANSMISSION RATE

Two scenarios has been simulated using MATLAB are
described in this section. In 6*6 grid network 2-radio 4-
channel and 2-radio 8-channel. In IEEE 802.11a/g the radio
support 8 different transmission rates (TX), i.e., 1r =54, 2r
=48, 3r =36, 4r =24, 5r =18, 6r =12, 7r =9 and 8r =6Mbps.
The transmission power of the radio is 15dBm and R1 is 20
m, R2 is 21.2 and R3,..., R8 are achieved as 26.7, 33.6, 39.9,

44.8, 50.2 and 53.2m, respectively.
Network capacity for different TX rates for No. of Channel(k)=4
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Figure. 2 Network capacity for different TX rates
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Figure. 2(a) Network capacity for different TX rates

Figure 2 depicts the network capacity vs. transmission rate
results for 4 channels. The transmission rate is lower, the
network capacity will be automatically low. As the
transmission rate increases, more number of packets will be
sent. This makes better use of allocated channel and results
in increase the channel capacity which further improves the
network capacity. As depicted in figure, the channel capacity
of BPSO is more than ILP technique for all the variations of
transmission rate. Figure 2(a) depicts the capacity vs.
transmission rate results for 8 number of channels. The
network capacity of BPSO is quite better than the traditional
technique.
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Figure.3. (a) End to end delay for diff. TX rates

Figure 3 and 3(a) demonstrates the end to end delay w.r.t.
various transmission rates for the number of channels to be 4
and 8 respectively. Since it takes more transmission time to
send a number of packets which are smaller in size than to
send a single large packet. The time consumption will be
more because the number of transmissions are more in the
same channel capacity. This also increases the end to end
delay for a particular message. Therefore, end to end delay
for lesser transmission rate is more than higher transmission
rate. The results show that BPSO improves the end to end
delay for various transmission rates to a certain extent.
Similarly, for 8-channel, delay is improved than traditional

technique, ILP.
Packet drop for different TX rates for No. of Channel(k)=4
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Figure.4. Packet drop for diff. TX rates

937



International Journal of Computer Sciences and Engineering

Packet drop for different TX rates for No. of Channel(k)=8
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Figure.4. (a) Packet drop for diff. TX rates

Figure. 4 and Figure. 4(a) depicts the packet drop with
raising traffic demands. With the increase in transmission
rate, as the more number of packets are delivered, there will
be more chances to lose those packets. Therefore, packet
drop increases with the increase in transmission rate. Due to
the non-cooperative retransmissions, ILP technique shows
the highest packet loss. As compared to BPSO algorithm,
ILP has a slightly higher loss rate.

B. BPSO ALGORITHM FOR CA

It has been observed that the described ILP model is NP-
hard, the simulator can take a significant improvement in
time with the enhancement of the network size. The n*n grid
network of various sizes has been set up from 2*2 up to 6*6,
wherein every node is taken away by the distance of 30m.
In BPSO technique, the population size Q=10, number of
iterations T=20, and probability p =0.3. The total network
capacity generated by different algorithms within different
network sizes is shown in the Figure. 5.
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Figure.5. Network capacity comparison of ILP and BPSO
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Figure. 6 depicts the results of end-to-end delay for various
size of networks. It is seen that the maximum value of end-
to-end delay reached in the 6*6 network. The minimum
value of delay is achieved in 2*2 network. The proposed
technique performs much better as compare to ILP.

Packet Drop (%)

! L L
7 33 44 5*5 66
Size of Network

Figure.7.Packet drop comparison of ILP and BPSO.

It is seen that as compared to other algorithms the proposed
approach perform much better as network increases in size.
On the other hand, ILP produces the lowest network
capacity for its tree-based design, without efficiently
exploiting multiple channels it leads to single path routing.
The performance of BPSO is better than ILP because of
multipath data transmission allowed by ILP-based traffic
distributions. The throughput enhancement is quite limited
because BPSO is self-sufficient of traffic routing and
similarly treats each mesh router.

Figure. 7 Depicts that the highest values of packet loss
achieved in 6*6 network size. In the 2*2 network size, the
lowest value of packet loss has been attained.

VI. CONCLUSION
In this paper, the channel assignment and routing problem has been

addressed in MRMC WMN. A channel assignment algorithm has
been proposed based on BPSO and integer linear programming to
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attain the feasible channel assignment. To efficiently solve these
issues, a linear objective function has been used in BPSO algorithm
to evaluate the fitness value of each particle. Results have been
evaluated from the simulation experiments in terms of network
capacity, delay and packet loss. These results have been compared
with existing ILP algorithm. The experimental results illustrate that
the proposed technique obtain the highest capacity, less packet loss
and less end to end delay as compared to ILP algorithm.
Considering the performance of every large scale WMNSs, it has
been explored the extensive WMNs organizing scalability problems
for the future work.
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