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Abstract- Wireless communication is now-a-days area of growth and advance technical modifications. As technology 
advances people are more adapt to this modified techniques, this increases the demand for wireless services and necessity of 
frequency spectrum which is limited. To improve the system capacity of the limited frequency spectrum, there should be 
efficient use of available channels. For that purpose an efficient channel assignment scheme should be used to allocate 
channels to cells in such a way that to reduce the channel interference, in order to maximize quality of service. In this paper, 
a Hybrid Channel Assignment technique using Particle Swarm Optimization (PSO) Algorithm is proposed for cellular 
Network. Hybrid Channel Allocation method using PSO is proposed to solve the channel allocation problem in order to 
maximize the channel capacity which can occupy large coverage area. The simulation results show that the proposed 
technique is effective to reduce interference. 
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I. INTRODUCTION 
 
In the area of wireless network due to continuous 
technological advances there is exponential increase 
in the number of users and dearth of wireless 
spectrum airs a challenge to increase the system 
efficiency so as to accommodate as many users as 
possible in the available limited but very worthy 
frequency spectrum. This spectrum efficiency is an 
important issue in allocating channels. To assign the 
available channels to cells & minimizing the 
interference while satisfying the demand for channel 
is referred as channel assignment problem (CAP). To 
solve this channel assignment problem channel 
allocation techniques are used.  
These are: 
A. Fixed Channel Allocation: 
In FCA, the set of channels are permanently allocated 
to each cell based on per-estimated traffic intensity. 
FCA scheme is simple to construct but not good to 
adopt the change in traffic condition and user 
distribution.  
 
B. Dynamic Channel Allocation: 
In DCA, the entire set of available channels is 
accessible to all the cells, and the channels are 
assigned on call-by-call basis. DCA scheme can be 
implemented as centralized or distributed. 
 
C. Hybrid Channel Allocation: 
To overcome the drawbacks of FCA and DCA, HCA 
was proposed which combines the feature of both 
FCA and DCA channel allocation techniques. In 
HCA, one set of channels is allocated as per the FCA 
scheme and the other set is allocated as per DCA 
scheme. 
The main aim of these channel allocation schemes is 
proper allocation of channels to cell to reduce 

interference and increase capacity of system while 
maintaining all the constraints. 
 
The constraints based on these channel allocation 
schemes are as below: 
Co-Channel Constraint (CCC): The same channel 
cannot be simultaneously allocated to two cells unless 
there is a minimum geographical separation between 
them.  
 
Adjacent Channel Constraint (ACC): Adjacent 
channels cannot be allocated to two cells unless there 
is a minimum distance between the channels. 
 
Co-Site Constraint (CSC): A pair channels can be 
allocated in the same cell only if there is a minimum 
separation in frequency between them. 
 
These constraints are commonly called as hard 
constraints. The interference is reduced considerably 
if all the above three constraints are satisfied. The soft 
constraints help to improve the quality of service. 
 
The subsections of this paper are, Sec. II, a system 
model for cellular network is proposed. In Sec. III we 
have described the Particle Swarm Optimization 
Algorithm. After that in Sec. IV the Simulation 
Results are shown & finally Sec. V concludes the 
paper.  
 
II. SYSTEM MODEL 
 
A system model shown is a set of continuous non-
overlapping cells, which are hexagonal in shape & 
collectively form a parallelogram as shown in fig.1. 
 
The minimum reuse distance Rd, which represents the 
minimum allowable normalized distance between two 
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cells which may use the same channel at the same 
time. 
Custer size of 3 is chosen. Thus reuse distance is 
K=3, 

Rd=r  √3K     … (1) 
Where, r is cell radius. 
System parameters are as follows: 
 
A. Allocation Matrix, Compatibility Matrix and 
solution Vector 
Matrix A is called Allocation matrix [6] which is 
given by  
Nce * Nch where, Nce is the number of cells in the 
system and  Nch is the number of channels in the 
system. Allocation matrix is defined as,  
Aij = 

1 if channel j is currently being used in cell i.
0  otherwise                                                                      

                                                                         … (2) 
                                     

 
Fig. 1 Cellular Network Model 

 
Compatibility matrix is a matrix m*n, which specifies 
the minimum difference in the frequencies between 
any two cells. Where, m is the number of cells and n 
is the number of channels in the system. 
 
The channel requirement in each cell is described by 
the demand vector D = {d1, d2,…., dn). Each d in D 
vector represents the number of frequencies to be 
assigned to cells. 
The channel assignment problem is represented by 
(D, C, and M) where, D is the demand vector, C is 
compatibility matrix, and M is a cell system. 
 
A candidate solution is a vector of channel numbers, 
denoted by X, of length traf(X), which represents a 
set of channels assigned to the traf(k) number of calls 
at cell k at the time instant [6]. For each candidate 
solution, the information about the new channel 
allocation in cell k is stored in is a {0, 1} valued 

vector of length Nch, denoted by V. 
 
B. Fitness Function Representation 
The fitness function considered is suggested by 
Battiti et al, whose minimum value is likely to 
correspond to best solution (Xbest) for the new channel 
allocation in cell k.  
 
The fitness function is a linear combination of the 
following terms: 

1. f1(X) = ∑ 1h ∑  V  A   interf (i, k)  …(3) 

- where, Vj denoted the jth element of V  
- V is a solution vector 
- Aij is allocation matrix 
- Nch is number of channels 
- Nce is number of cells 
- interf (i, k) is a function which returns 1 if 
the cell i and k interfere, otherwise it return 0. 
This term contributes 1 for each cell, interfering with 
k, which uses a channel employed in k. It thus 
ensures that solutions with no interference give 
smaller fitness values. 
 
2. f2(X) = -∑ 1∑ 푉   퐴  (1− 푖푛푡푒푟푓(푖, 푘))/

푑                … (4)                   
- where,  dik is the normalized Euclidean 
distance between the centers of the cells i and  k 
- interf(i,k) = 0 if dik ≥ Rd 
- Vj denotes the jth element of V 
- V is solution vector 
- Aij is allocation matrix 
- Nch is number of channels 
- Nce is number of cells  
3. f3(X) = - ∑ V  A     …(5) 
- where, Vj denotes the jth element of V 
- V is a solution vector 
- Akj is allocation matrix 
- Nch is number of channels 
 
This subtracts 1 whenever a channel already being 
used by cell k, before the arrival of the new call, is 
considered in the candidate solution (i.e. in the new 
configuration) so that a mobile terminal being served 
need not change its channel too often.  
 
4. f4(X) = ∑ 1∑ V  A  {1 − res(i, k)}   …(6) 

- Where, res (i, k) is a function which returns 
1 if cell i and k belong to the same reuse scheme, else 
it returns 0. 
- Vj denotes the jth element of V 
- V is a solution vector 
- Aij is allocation matrix 
 
Finally, the fitness function F(X) is given by, 
 

1 1 2 2 3 3 4 4( ) ( ) ( ) ( ) ( )f X W f X W f X W f X W f X                                                                                  
… (7) 



International Journal of Electrical, Electronics and Data Communication, ISSN: 2320-2084  Volume-3, Issue-3, March-2015 

Hybrid Channel Assignment Technique using Particle Swarm Optimization for Cellular Network 
 

22 

Where, 
w1, w2, w3, w4 are weights that determine the 
importance of various terms. Clearly, we use the set 
of coefficient values suggested by Battiit (we have 
use the values of weights & other objective functions 
suggested by Roberto Battiti [7]) i.e.  
 
W1=7000, W2=1.2625, W3=0.01, W4= 4.17625. 
Also, f1(x) constitute hard constraint in the equation 
where, as f2(x), f3(x), f4(x) contributes soft constraint. 
We have to determine the minimum of this fitness 
function. 
 
III. PARTICLE SWARM OPTIMIZATION 
 
Particle Swarm Optimization (PSO) is a population 
based optimization technique develop by Dr. Eberhart 
and Dr. Kennedy in 1995, inspired by the social 
behavior of bird flocking or fish schooling. 
 
In this we determine the global minimum of a 
function of n independent variables x1, x2, x3,…., xn 
which is mathematically represented as f(X), where, 
X = (x1, x2 , x3…., xn). The task of the optimization 
algorithm is to locate a particular point X in the n-
dimensional hyperspace for which the function value 
f(X) is minimum in the search range. 
 
PSO, is in principle a multi-agent search technique. 
We begin with a population or swarm consisting of a 
convenient number, say m, of particles that “fly” 
through the multi-dimensional search space as the 
algorithm progresses through discrete (unit) time-
steps t = 0, 1, 2, … the population-size m remaining 
constant.  
 
In the standard PSO algorithm, each particle P has 
two state variables:  
 
1. its current position  
X i(t) =[Xi,1(t), Xi,2(t),…, Xi,n(t)]     …(8) 
2. its current velocity    
Vi (t)= [Vi,1(t), Vi,2(t),…, Vi,n(t)]     …(9) 
Where, i=1,2,…,m.  
 
The position vector of each particle with respect to 
the origin of the search space represents a candidate 
solution of the search problem. Each particle also has 
a small memory comprising its personal best position 
experienced so far.  
 
PSO is initialized with a group of random particles 
(solutions) and then searches for optima (in our case 
minima) by updating iterations. After every iteration, 
each particle is updated by following two "best" 
values. The first one is the best solution (fitness) it 
has achieved so far. (The fitness value is also stored.) 
This value is called pbest. Another "best" value that is 
tracked by the particle swarm optimizer is the best 
value, obtained so far by any particle in the 

population. This best value is a global best and called 
gbest.  After finding the two best values, the particle 
updates its velocity and positions with following 
equation (10) and (11), 
Vt+1 = Vt+ C1 * 1* (pbest – X1) + C2 * 2 * (gbest – 
X1)…(10) 
Xt+1 = X1 + Vt+1 …. (11) 
Where, Vt is the particle velocity, Xt is the current 
particle position, C1, C2 are constant multiplier terms, 
and 1, 2 are two uniformly distributed random 
numbers.                
 
This process is repeated for a certain number of times 
until the acceptable solution has been found by the 
algorithm. The PSO Algorithm is represented as 
follows: 
BEGIN 
Generate initial population of ‘Swarms’ 
Initialize population size, iterations, demand 
vector(D), compatibility matrix(C), Reuse scheme 
matrix(res), interference matrix(interf), number of 
channels, number of cells 
Evaluate individual according to fitness f 
Select the best individual fitness as Best_old 
loop 
Count = Count+ 1; 
Calculate Velocity V 
Update Swarms Position  
Best_new = Best_old + V 
Evaluate individual according to fitness f 
Select the best individual fitness Best_new 
If f(Best_new) >f(Best_old) 
 Best_old = Best_new 
end 
Until (Condition is satisfied) 
Optimization result 
END         
Flowchart for HCA using PSO: 
 

 
Fig.2 flowchart of HCA using PSO 
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IV. SIMULATION RESULTS 
 
Simulation result gives the model that shows the 
operation of proposed system. For simulation 49-cell 
structure is used as shown in fig.1 of section 3, with 
49 cells and 70 channels and reuse pattern used is N = 
3. Particle swarm optimization algorithm used that 
performs well in solving the channel allocation 
problem. In simulation result, it represents the 
performance of PSO algorithm for Hybrid Channel 
Allocation (HCA), in the form of channel allocation 
results and fitness function progress. The ratios of 
fixed and dynamic channels for presentation applied 
in the algorithm are 21:49 (21 channels from fixed set 
and 49 channels from dynamic set). 
 
Fig.2 shows the proper representation of channel 
allocation for HCA, which fulfills the interference 
constraints for 21:49 ratio, under non-uniform traffic 
that specified in fig.1 of section 3. 
 

 
Fig.3 channel allocation result for 21:49 under non-uniform 

traffic 
 

 
Fig.4 Fitness Value Vs Number of Iterations 

 
Fig.4 shows the Fitness Vs Iteration graph which 
shows the Fitness value. As the iterations increases 
the fitness curve minimizes gradually & remains 
constant after 200 iterations.  

This constant value indicates the best fitness value by 
the PSO algorithm. Lower the fitness value indicated 
less interference while allocating the channels. 
 
CONCLUSION 
 
Particle Swarm Optimization (PSO) is an 
optimization algorithm which is used to resolve the 
Channel Assignment Problem (CAP). The channel 
allocation technique known as Hybrid Channel 
Allocation (HCA) is used here, which reduces the 
interference to great extend. Simulation result shows 
the channel allocation result for HCA and the fitness 
progress gives the global minimum fitness with less 
computational time, which best fitted to the channel 
allocation problem. This channel allocation technique 
using PSO will be useful for the handoff mechanism. 
The solution of CAP will play an important role in 
providing omnipresent access to many applications in 
wireless communication network.   
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