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1. Introduction

Hepatitis C is an infectious disease affecting the liver, and infects about 270-300 million people worldwide. Hepatitis

C virus is transmitted by blood transfusion. ELISA has been used for screening diagnosis, but sometimes yields false

positive and false negative. A novel method for the screening of sol-gel materials is developed for high sensitive

detection of antigen-antibody binding and other protein-protein interactions (Kim et al, 2006). For diagnosis of HCV,

we use the sol-gel protein chips and calculate the cut-off for decision. We applied particle swarm optimization (PSO)

which is an evolutionary algorithm in order to determine the optimal cut-off values of 5 sol-gel chips is driven by PSO

given the criteria for HIV positive. Optimization algorithm combined with resampling is able to find the best solution

to maximize the accuracy measure.

2. Particle swarm optimization

Particle swarm optimization(PSO) is a new branch in evolutionary algorithms, which were inspired in group dynamics

and its synergy and were originated from computer simulations of the coordinated motion in flocks of birds or schools

of fish. As these animals wander through a three-dimensional space, searching for food or evading predators, these

algorithms make use of particles moving in an n-dimensional space to search for solutions for an n-variable function

optimization problem. In PSO, individuals are called particles and the population is called a swarm (Kennedy and

Eberhart, 1995).

All of the particles have fitness function to be optimized, and have velocities which direct the flying of the particles.

PSO is initialized with a population of random particles, with random positions and velocities inside the problem

space, and then searches for optima by updating generations. It combines local search and global search. Each

particle moves towards its best previous position and towards the best particle in the whole swarm in every iteration

(Allahverdi and Al-Anzi, 2006 ; Kennedy and Eberhart, 1995)

The mathematical model for PSO is as follows :

vt+1 = w · vt + c1 · r1(pbest − xt) + c2 · r2(gbest − xt) (2.1)

xt+1 = xt + vt+1 (2.2)

where t is the current iteration number, r1 and r2 are random numbers between 0 and 1. pbest is the particles’

previous best position, and gbest is the previous best position among the entire population. w is the inertia weight,

and c1 and c2 are called acceleration coefficient which mean the random forces in the direction of pbest and gbest .
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Among these parameters, inertia weight and acceleration coefficients have a great impact on the algorithm perfor-

mance. One variant version of PSO, adaptive particle swarm optimization (APSO), improves the search efficiency

by adjusting w, c1 and c2. It can perform a global search over the entire search space with faster convergence speed.

APSO identify the current population state and it enables the automatic control of w, c1 and c2. For example, if the

current population is exploring the overall search space, c1 should be increased to find good candidate solutions. But

c2 should be decreased, because the particles don’t have found the best solution yet. Several papers report that APSO

enhances the performance of PSO in terms of convergence speed, global optimality, solution accuracy, and algorithm

reliability (Zhan et al., 2009).

All of the particles are evaluated by the fitness function at every iteration. The fitness function is the function used

to evaluate the quality of the candidate solution. In the classification problem, accuracy, or mixture of sensitivity and

specificity are the good measure of quality. In this paper, accuracy is used as a fitness function.

accuracy =
TP + TN

Total
(2.3)

TP is the number of true positive and TN is the number of true negative.

3. Experimentals

Sol-gel can be applied as an universal chip material for oligonucleotides, proteins and chemicals. Sol-gel chip can be

used to generate an array for interaction assay. Since multiple sol-gel chips can be arrayed on 1 well and one chip can

immobilize multiple samples independently, sol-gel chip can be used for various types of screening assay.

4. Discussions

Diagnosis of Hepatitis C virus is a vital test for blood bank screening. HCV screening test like ELISA sometimes

yields false-positive and false-negative results, so a confirmatory test is needed additionally. Therefore, a new diag-

nostic method with low cost and high accuracy is needed for large scale screening of HCV.We compare our results with

other classification methods, and show that optimization algorithm is promising for improving prediction accuracy.
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