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Abstract: In order to optimize the spectrum resource allocation in the orthogonal frequency division 
multiplexing system and minimize the transmitted power, this paper proposed a modified basic particle swarm 
optimization algorithm to allocate the subcarriers and bits of the orthogonal frequency division multiplexing 
system. The algorithm uses the average individual extreme value instead of individual extreme value to update 
the particles. Meanwhile, when the particle velocity is bigger than the maximum velocity or smaller than the 
minimum velocity, an average velocity is taken as the updating velocity. It not only maintains the advantage of 
basic particle swarm optimization, but also makes the particle acquire more information to adjust its movement. 
Simulation results showed that the spectrum resource allocating based on modified basic particle swarm 
optimization algorithm has 2~9 dB margin in the total transmitted power than the genetic algorithm, basic 
particle swarm optimization algorithm and method jointing basic particle swarm optimization algorithm and 
genetic algorithm. Copyright © 2014 IFSA Publishing, S. L. 
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1. Introduction 
 

With the rapid development of wireless 
communication technologies and the growing of 
wireless communication traffics, the demands for 
spectrum resource have been increasing [1]. It has 
resulted in that the available spectrum resource is 
becoming more and more scarce. Due to the high 
spectral efficiency, strong bandwidth extensibility, 
robustness to multipath fading and spectrum 
allocation flexibility Orthogonal frequency division 
multiplexing (OFDM) has become a promising 
multicarrier modulation technique and received 
considerable interest in the past decade. It would be 
the key technology of the next generation mobile 
communication system [2, 3]. 

In OFDM systems, the whole transmitted channel 
is divided into a number of sub-channels; data is 

transmitted in parallel by modulating a number of 
closely-spaced orthogonal sub-carriers, thereby 
converting a frequency-selective channel into 
multiple flat fading sub-channels [4]. Each sub-
channel shows different fading to each user [5]. 
Therefore, reasonable subcarrier and bit allocation 
can not only reduce the transmit power and bit error 
rate of the system effectively, but also improve the 
spectrum efficiency and increase the system capacity. 

For single user OFDM system, it is well known 
that the water-filling [6] is a useful algorithm to find 
the subcarriers and bits allocation which minimize 
the total transmit power. In multiuser OFDM 
systems, the subcarriers and bits allocation will be 
more complexity. A good subcarrier for one user may 
be also good for others. But one subcarrier should not 
be used by several users at the same time [7]. On 
other hand, a bad subcarrier for one user may be good 
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for others. It would make the subcarriers and bits 
allocation much more complex in multiuser OFDM 
systems. However, the resources allocation in 
multiuser OFDM system is roughly divided into two 
categories: static allocation and dynamic 
allocation [8, 9]. Bakhtiari and Khalaj allocated the 
resources according to the channel gain of each 
user [10]. Although the algorithm is simple, it doesn’t 
take full use of multiuser diversity gain. Cheong Yui 
Wong used the Lagrange extreme method to allocate 
subcarriers [11]. This algorithm has better 
performance, but it is too complex. Genetic algorithm 
(GA) and basic particle swarm optimization (BPSO) 
algorithm are proposed to allocate the subcarriers and 
bits in multiuser OFDM [12, 13]. However, BPSO 
algorithm is easy to fall into local optima, especially 
in the case of complex and multi-peaks problems. 
And the convergence rate of GA is too slow and the 
solution is very sensitive to the choice of the initial 
population. Therefore, an algorithm combined BPSO 
and GA (BPSO-GA) had been proposed to get better 
performance [14]. 

In this paper, we proposed a modified basic 
particle swarm optimization (MBPSO) algorithm to 
allocate the subcarriers and bits in OFDM system. In 
this algorithm, the average of individual extreme 
value is used to update the particle rather than the 
individual extreme value. Meanwhile, when the 
particle velocity updated is bigger than the maximum 
particle velocity or smaller than the minimum particle 
velocity, an average value is taken as the updating 
particle velocity. This algorithm can not only ensure 
to complete the optimal search, but also reduce the 
total transmitted power of multiuser OFDM system. 
Simulation results showed that the performance of 
the algorithm proposed is better than the GA and 
BPSO algorithms. 

The rest of the paper is arranged as follows. 
Section 2 described the system model. In Section 3, 
we proposed the subcarrier and bit allocation. 
Simulation results were given and analyzed in 

Section 4. Finally, some conclusions were drawn in 
Section 5. 
 
 
2. System Model 
 

Assume that there are N users and K subcarriers 
in multiuser OFDM system, K ≥ N, as shown in 
Fig. 1. For nth user, there are Rn bits data to be 
transmitted. The bandwidth of each subcarrier is 
much smaller than the coherence bandwidth of the 
channel. The instantaneous information of all sub-
channel gain is available to the transceiver. The 
received power when rk,n bits of nth user are 
transmitted on kth subcarrier is formulated as 
follows [15]. 
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where N0 denotes the additive noise power spectral 
density in the system, BERk denotes the bit error rate 
on the subcarrier k.  

In order to obtain the Qos given, the transmitted 
power on the kth subcarrier of nth user is given by 
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where Gk,n is the gain of nth user over kth subcarrier. 
Then, the total transmitted power in multiuser OFDM 
system is the sum of transmitted powers of all users 
on all subcarriers as following 
 

 
,

, 2
1 1 1 1 ,

( )K N K N
n k n

total k n
k n k n k n

f r
P P

G= = = =

= =   (3) 

 

 
 

 
 

Fig. 1. Block diagram of a multiuser OFDM system. 
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Therefore, the optimization problem is to find the 
best allocating scheme which minimizes the total 
transmitted power under the given bit error rate and 
transmission bits as following 
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where Rn is the bit data of nth use to transmit, BERtarget 

is the upper limit of the bit error rate (BER). 
 
 
3. Subcarrier and Bit Allocation 
 

There are two kinds of allocation in the 
optimization problems above, subcarrier allocation 
and bit allocation. It would be very difficult if we 
optimize subcarrier allocation and bit allocation at the 
same time. In this paper, we allocate the multiuser 
OFDM system spectrum resources in two steps. 
Firstly, we use the water-filling algorithm to find out 
the subcarriers which are allocated to every user 
according to minimizing the transmitted power of 
every user. Then, we optimize the bits allocation with 
MBPSO algorithm based on the subcarriers allocated. 
 
 
3.1. Basic PSO Algorithm 
 

In a L-dimensions search space, a swarm consists 
of N particles, the ith particle can be expressed as [16] 
 

 ( )1 2, , ,i i i iLx x x=X  , (5) 
 
where i = 1, 2, …, N. Suppose the object function is 
f(x). We substitute Xi into the f(x) and get the 
adaptive value, which is used to evaluate the 
performance of Xi. 

Define the present flying velocity of ith particle as 
 

 
1 2( , , )i i i iLv v v=V  , (6) 

 
the best present position of the ith particle (individual 
extremum), which represent the optimal value of the 
object function f(x) searched by the ith particle, as 
 

 ( )1 2, ,i i i iLP P P=P  , (7) 

 
and the best present position of the swarm (global 
extremum) , which represent the optimal value of the 
object function f(x) searched by all particles, as 
 

 ( )1 2, ,g g g gLP P P=P  , (8) 

 
where g = 1, 2, …, N. Then, the velocity and position 
of PSO are updated as following 
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and 
 

 ( ) ( ) ( )1 1il il ilx t x t v t+ = + + , (10) 

 
where l = 1, 2, …, L, c1 and c2 are two positive 
constants which are called acceleration coefficients, 
rand() and Rand() are two random functions in the 
range [0,1], xil(t) is the position of the tth iteration 
particle, vil(t) is the velocity of particle, and )(tw is 

the inertia weight of the tth iteration, which is given 
by [17] 
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where tmax is the allowable maximum number of 
iterations, wstart represent the initial inertia weight and 
wend represents the inertia weight value when the 
number of iteration is equal to tmax. 

In (9), the first part represents the present 
behavior of particle, the second part represents the 
individual cognitive action of particle, which is 
depended on the every particle’s thinking, and the 
third part represents the social action of particle, 
which is depended on the information shared and 
mutual cooperation between particles. These three 
parts determine the main properties of the algorithm. 
 
 
3.2. MBPSO Algorithm  
 

In order to use the experience of every individual 
particle in update of particle, we would modify the 
updating formula of the velocity and position of PSO. 
That is to say we use average extreme matrix instead 
of individual extreme matrix in update as follows 
 

 ( )1 2, , , L=P P P P , (12) 

 
where 
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The improved update for velocity can be 

rewritten as 
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where vil(t+1) is the particle velocity of the (t+1)th 
iteration. If vil(t+1) > vmax, we would set a average 
between the minimum velocity vmin and maximum 
velocity vmax instead of vmax in our MBPSO algorithm. 
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In the same way, if vil(t+1) < vmin , we set a average 
between (vmin, vmax) rather than vmin.  

The MBPSO algorithm has following advantages 
over BPSO algorithm. 1) Each particle in the 
improved algorithm could learn experiences from 
other particles. That is to say, particles can make use 
of more information to decide their own behavior. 
2) Each particle searches the optimal solution 
between the global best position and the center of the 
individual best position rather than between the 
global best position and individual best position. 
3) Setting average velocity between vmin and vmax 

instead of vmin or vmax could make particles easier to 
reach optimal solution with appropriate speed.  

The main steps of MBPSO algorithm above are 
summed as following: 

1) Initializing. Generate a K-dimensional array, 
which represents the K subcarriers of OFDM system. 
The value of each element in the array represents the 
serial number of user that occupies the corresponding 
subcarrier. Then, randomly generate W arrays to 
obtain W initial swarms. Each array corresponds to a 
subcarrier allocation solution in the system. 
Meanwhile, set acceleration coefficients c1 and c2, the 
maximum speed of particles vmax and the minimum 
speed vmin, the initial inertia weight wstart as well as 
the termination of inertia weight wend.  

2) Calculating the particle fitness. For each 
particle in the swarm, use the water-filling algorithm 
to allocate the bits for each subcarrier which 
corresponds to users. And then, calculate the total 
transmit power of all users. Define the reciprocal of 
the total transmit power (optimization goal) as the 
object function of the particles, that is 
 

 ( ) 1 totalf x P= , (15) 

 
3) Determining Pl and Pg according to the values 

of f(x). 
4) Updating the velocity and position according to 

(14) and (10). 
5) Calculating the particle fitness according to the 

formula (15) again. 
6) Evaluating whether the iterating meets the 

termination conditions. The termination condition is 
that the fitness value of global extreme unchanged 
within 20 times iterating or the iterating process 
reaches the iteration limit tmax. If the iterating meets 
the termination conditions, the present global extreme 
is the optimal solution of the optimization problem. 
Otherwise, go back step ii and go on iterating until 
the iterating meets the termination conditions. 
 
 
4. Simulation Results and Analysis 
 

In this section, we present the simulation results 
to show the performance of the proposed algorithm 
for different system parameters using Monte Carlo 
simulations, and compare it with GA algorithm, 
BPSO algorithm, BPSO-GA algorithm and  

the algorithm which jointed MBPSO and GA 
(MBPSO-GA). We consider a multiuser OFDM 
system with 32 subcarriers (maximum) where the 
number of users N changes from 2 to 10. The 
simulating parameters are given in Table 1. 
 
 

Table 1. Simulation parameters. 
 

Number of subcarriers (K) 10~32 

Number of users (N) 2~10 

Size of particle swarm 36 

Acceleration coefficients (c1) 1.49445 

Acceleration coefficients (c2) 1.49445 

Maximum inertia weight (wmax) 0.9 

Minimum inertia weight (wmix) 0.4 

Maximum velocity (vmax)  2 

Minimum velocity (vmix) -2 

Bit rate 20 kbps 

Maximum iteration number (tmax) 200 

 
 

Fig. 2 presents the total transmitted powers of five 
different algorithms under 2 users to 10 users when 
32 subcarriers are used. It is seen that the total 
transmitted power of OFDM system based on 
MBPSO algorithm has 7 dB, 5 dB and 4 dB 
advantages over GA, BPSO and BPSO-GA 
respectively. Although the total transmitted power 
using MBPSO-GA algorithm is a little better than 
MBPSO (about 0.5 dB), but the complexity is much 
greater than MBPSO. Therefore, MBPSO-GA 
algorithm has no meaning effectively. 
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Fig. 2. Total transmitted power of different users. 
 
 

Fig. 3 shows the total transmitted powers of five 
algorithms under 10 users when the number of 
subcarriers changes from 10 to 32. The total 
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transmitted power of the system based on MBPSO 
algorithm is lower about 9 dB, 5 dB, 4 dB than GA, 
BPSO and BPSO-GA respectively. Meanwhile, the 
total transmitted power based on MBPSO-GA 
algorithm is slightly lower than MBPSO. 
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Fig. 3. Total transmitted power under different subcarriers. 
 
 

Fig. 4 describes the convergences of the MBPSO, 
GA, BPSO and BPSO-GA algorithms under 10 users 
when 32 subcarriers are used. We can see that 
MBPSO and BPSO algorithms converged before they 
iterated about 20 times, GA needs about 30 times to 
converge, and BPSO-GA will cost about 160 times to 
converge. It is obvious that MBPSO and  
BPSO algorithms converge faster than GA and 
BPSO-GA algorithms. 
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Fig. 4. Convergences analysis of algorithms. 
 
 

From Fig. 2 to Fig. 4, we conclude that MBPSO 
algorithm proposed is the best one. 
 
 

5. Conclusions 
 

This paper focused on the subcarriers and bits 
allocation of multiuser OFDM system and proposed a 
modified BPSO algorithm (MBPSO algorithm). By 

reconstructing individual extreme value and changing 
the update rule of the velocity, the algorithm 
proposed not only minimizes the total transmitted 
power of the system but also reduces the number of 
iteration. Simulation results showed that the MBPSO 
algorithm has about 9 dB, 5 dB and 4 dB advantages 
over GA, BPSO and BPSO-GA respectively. 
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