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Abstract
Human speech is the foundation of self-expression and 
communication with others. Speaker Recognition (SR) is the 
process of identifying a person based on his voice, as each 
person has different voice. In this paper we have implemented 
technique based on Particle Swarm Optimization (PSO) to 
improve the performance of speaker recognition. PSO is a 
search algorithm, in which each potential solution is seen as a 
particle with a certain velocity flying through the problem space. 
The Particle Swarms find optimal regions of the complex search 
space through the interaction of individuals in the population. 
PSO is attractive for optimization in that particle swarms will 
discover best optimized value as they fly within the subset 
space.
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I. Introduction
In today world, the usage of digital systems is continuously 
growing high for daily dealings and communication among 
people and organizations. These organizations can be 
government, public or private entities in which recognition of 
the user is a key concern to the respective organization. SR, a 
goal of biometrics technology, are deploying increasingly in the 
secured organizations which is a task of identifying speaker 
using speaker behavioral/ physiological traits such as speech 
signal and visual signal which are carrying linguistic/non-
linguistic information and visual information respectively. The 
development of SR system is still an active area of research 
which has a wide range of applications from national security, 
communication system security, computer security, computer 
network security, ecommerce to forensic [1-3]. SR has been 
one of most important biometrics technologies during the past 
decades. It has a wide range of applications such as identity 
authentication, access control, and surveillance etc.
From the beginning of 90's, new optimization technique 
researches using analogy of swarm behavior of natural 
creatures have been started. Dorigo developed ant colony 
optimization (ACO) mainly based on the social insect, especially 
ant, metaphor [4]. Each individual exchanges information 
through pheromone implicitly in ACO. Eberhart and Kennedy 
developed particle swarm optimization (PSO) based on the 
analogy of swarm of bird and fish school [5]. Each individual 
exchanges previous experiences in PSO. These researches are 
called "Swarm Intelligence" [4,5]. 
In next section, we will introduce the Particle Swarm Optimization 
(PSO) method. Section III describes the experimental evaluation 
on speaker recognition. Finally, section IV summarizes the 
conclusion drawn from this study.

II. Particle Swarm Optimization

A. Background of Particle Swarm Optimization
Natural creatures sometimes behave as a swarm. One of the 

main streams of artificial life researches is to examine how 
natural creatures behave as a swarm and reconFig. the swarm 
models inside a computer. Swarm behavior can be modeled 
with a few simple rules. School of fishes and swarm of birds 
can be modeled with such simple models. Namely, even if 
the behavior rules of each individual (agent) are simple, the 
behavior of the swarm can be complicated. Reynolds called 
this kind of agent as boid and generated complicated swarm 
behavior by CG animation [1]. He utilized the following three 
vectors as simple rules. 
(1) to step away from the nearest agent 
(2) to go toward the destination 
(3) to go to the center of the swarm 

Namely, behavior of each agent inside the swarm can be 
modeled with simple vectors. This characteristic is one of the 
basic concepts of PSO.  Particle swarm optimization, a new 
branch of the soft computing paradigms called evolutionary 
algorithms (EA), was developed by Kennedy and Eberhart 
(1995). It is a group-based stochastic optimization technique 
for continuous nonlinear functions. It is also a simple concept 
adapted from natural decentralized and self-organized systems 
where all the particles move to get better results. According 
to Song and Gu (2004), researchers have paid more and 
more attention to PSO algorithm because of its convenience 
of realization and promising optimization ability in various 
problems.

Boyd and Richerson examine the decision process of human 
being and developed the concept of individual learning and 
cultural transmission [6]. According to their examination, 
people utilize two important kinds of information in decision 
process. The first one is their own experience; that is, they 
have tried the choices and know which state has been better 
so far, and they know how good it was. The second one is other 
people's experiences; that is, they have knowledge of how the 
other agents around them have performed. Namely, they know 
which choices their neighbors have found are most positive so 
far and how positive the best pattern of choices was. Namely 
each agent decides his decision using his own experiences 
and other peoples' experiences. This characteristic is another 
basic concept of PSO.

B. Basic Method
PSO is basically developed through simulation of bird flocking in 
two-dimension space. The position of each agent is represented 
by XY axis position and also the velocity is expressed by vx (the 
velocity of X axis) and vy (the velocity of Y axis). Bird flocking 
optimizes a certain objective function. According to Eberhart 
and Shi (2001), each agent knows its best value so far (pbest) 
and its XY position. This information is analogy of personal 
experiences of each agent. Moreover, each agent knows the 
best value so far in the group (gbest) among pbests. This 
information is analogy of knowledge of how the other agents 
around them have performed. Namely, Each agent tries to 
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modify its position using the following information: 
-    the current positions (x, y), 
-    the current velocities (vx, vy), 
- the distance between the current position and pbest 
- the distance between the current position and gbest 
This modification can be represented by the concept of 
velocity. Velocity of each agent can be modified by the following 
equation: 

Vi k+1

= w vi k + c1 R1 (pbesti  - Xi 
k ) +  c2 R2 (gbest  -   Xi

k)        (1)                                                    

where, vi k : velocity of agent i at iteration k,
w: weighting function,
cj: weighting factor,
Ri : random number between 0 and 1,
Xi

k: current position of agent i at iteration k,
pbesti : pbest of agent i,
gbest : gbest of the group

The weighting function (w) was introduced by Shi and Eberhart 
(1998) to improve the convergence rate of PSO algorithm.
The current position (searching point in the solution space) 
can be modified by the following equation:
Xi 

k+ 1= Xi 
k+ Vi 

k+1                             (2)

Fig. 1:  Concept of modification of a searching point by PSO.

Fig. 1 above, shows a concept of modification of a searching 
point by PSO.
where, Xk : current searching point,
Xk+1 : modified searching point,
V k : current velocity, V k+1 : modified velocity,
V pbest : velocity based on pbest
V gbest : velocity based on gbest

Fig. 2, shows the general flow chart of PSO, which can be 
described as follows:

Step. 1: Generation of initial condition of each agent
Initial searching points (si 0) and velocities (vi0) of each agent 
are usually generated randomly within the allowable range. The 
current searching point is set to pbest for each agent. The best 
evaluated value of pbest is set to gbest and the agent number 
with the best value is stored.

Step. 2: Evaluation of searching point of each agent
The objective function value is calculated for each agent. If the 
value is better than the current pbest of the agent, the pbest 
value is replaced by 

Fig. 2: A general flow chart of PSO.

the current value. If the best value of pbest is better than the 
current gbest, gbest is replaced by the best value and the agent 
number with the best value is stored.

Step. 3: Modification of each searching point
The current searching point of each agent is changed using 
(1) (2) (3).

Step. 4: Checking the exit condition
The current iteration number reaches the predetermined 
maximum iteration number, then exit. Otherwise, go to step 2.
PSO has been successfully applied in various fields. Fukuyama 
(1999) used PSO for reactive power and voltage control 
considering voltage stability [7]. Gudise and Venayagamoorthy 
(2003) applied PSO to evolve digital circuits, to solve the problem 
of the human designs. Gies and Rahmat (2003) applied PSO for 
configurable phase-differentiated array designed. Besides, Lisa 
et al. (2003) presented an adaptive multimodal biometric fusion 
algorithm using PSO, which was a combination of Bayesian 
decision fusion and PSO. Meanwhile, PSO was used as route 
selection by Rajani and Lisa (2004) and optimal scheduler by 
Lisa and Kalyan (2004). Besides, Song and Gu (2004) had 
detailed the potential performance of PSO on ANNs weights 
modification, as an alternative to Backpropagation method 
because of its convenience.

III. Experimental Evaluation

A. Experimental Setup
There are two speaker databases in the simulation Experiment, 
as Training and test. In each speaker database there are 11 
speakers. The experiment is tested in Matlab 7.5. The sound 
signal is first preprocessed by removing the silence zones, 
which are removed by means of short time energy calculation. 
Segments of 15ms are chosen for this purpose. A segment 
whose energy is less than some threshold relative to the average 
energy of the entire signal is discarded. A high emphasis filter 
H(z) = (1−0.95z−1) is applied to the speech signal. The speech 
signal is then divided into analysis frames where the signal can 
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be assumed to be stationary. For accurate estimation of voiced 
speech, the sampling frequency should be more than 6 kHz to 
include a speech bandwidth of at least 3 kHz. The underlying 
platform is a Pentium 4 PC that takes the speech signals from 
a speaker, do Fast Fourier Transform (FFT) to extract features, 
feed the features to a trained classifier and return the identity 
of the speaker in a real-time fashion. The feature set used for 
encoding the speech signal has a form of cepstral coefficients 
computed as follows:
1. Partition the speech signals into disjoint half-frames of 128 
points. Neighboring half frames are jointed to form a complete 
frame of 256 points. Since the sampling frequency is 8 kHz, 
each frame lasts 256/8 = 30msec.
2. Window each frame using hamming window of 15msec.
3. Compute the cepstral coefficients of each frame using 
equation:
cepstrum{frame}=FFT –1(log |FFT{frame}| )  (3)
4. The first 12 coefficients of the cepstrum is taken as the 
feature vector of the frame.

The feature vector obtained is first trained with ANN and then 
optimized using PSO for SR. The PSO here uses the 05 particles 
and 35 iterations.

B. Results
The experimental results are illustrated in Fig.s from 3-13. The 
Ackley optimization function is used here for PSO system. The 
Ackley optimization function is given by following equation:

     (4)
Here, X1 and X2 are position of particles.

Fig. 3  : Plot of Ackley Function.

Fig. 4: Phase plot of particle 1.

 Fig. 5: Phase plot of particle 2

Fig. 6: Phase plot of particle 3

Fig. 7: Phase plot of particle 4

Fig. 8: Phase plot of particle 5
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Fig. 9: Position of particle 1 vs. Iterations

Fig. 10: Position of particle 2 vs. Iterations

Fig. 11: Position of particle 3 vs. Iterations

Fig. 12: Position of particle 4 vs. Iterations

Fig. 13: Position of particle 5 vs. Iterations

IV. Conclusion
We presented an implementation of a speaker recognition 
system based on PSO as an optimization tool. The Results 
obtained can be considered of a good accuracy in spite of 
the fact that the society of speakers is relatively random. We 
can not claim that our system can be directly deployed into 
practical implementation. Further work can be carried out for 
improvements, especially on the PSO optimization parameters. 
Although the PSO algorithms proposed in this paper has been 
designed for a specific application, its philosophy is quite 
general and can be extended easily for other application as PSO 
can be an efficient optimization tool for nonlinear continuous 
optimization problems, combinatorial optimization problems, 
and mixed-integer nonlinear optimization problem (MINLP).
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