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ABSTRACT 

 
 
 
 

Genetic Algorithm (GA) is inspired by natural selection and evolution in a 
computer program. It has been shown to be effective in solving search and 
optimization problems. However, research has shown that software implementations 
of GA in complex problems usually lead to unacceptable optimization delays. Hence, 
hardware-based GA solutions are needed, especially in systems that require real-time 
performance. However, full hardware implementation of GA eliminates its flexibility 
to be reused in other applications. This is because some of the GA operations are 
highly problem-dependent. Consequently, this thesis proposes a hardware-based GA 
(HGA) that provides configurability, scalability and flexibility. The proposed 
reconfigurable HGA is implemented on Altera Stratix II EP2S60 FPGA prototyping 
board with a clock frequency running at 50 MHz. Hardware-software co-design 
technique is applied. The system partitioning is done based on the following aspects: 
(a) system constraints (b) compute-intensive operations (c) sequential operations (d) 
bottlenecks during system bus access (e) logic cost, and (f) ability to reconfigure. In 
this work, the HGA is deployed in a number of test case studies, which include 
optimization of a simple fitness function, a complex Michalewicz’s function, and a 
real-world finger-vein image processing application. The real-world problem is to 
apply the GA to optimize the tuning of parameters in a finger-vein image processing 
biometric subsystem. Experimental results show that the proposed HGA achieves a 
good degree of configurability and flexibility in handling a variety of problems. The 
HGA is about three times faster compared to its software equivalent. The equal error 
rate of the finger-vein biometric system is improved from 1.004% to 0.101%. This 
shows that the proposed design is capable to optimize the tuning of the parameter set 
in this image processing application. 
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ABSTRAK 

 
 
 
 

Algoritma Genetik (GA) berinspirasikan pemilih alam dan evolusi di dalam 
program komputer. Ianya telah terbukti berkesan dalam menyelesaikan masalah 
carian dan pengoptimuman. Walaubagaimanapun, kajian telah menunjukkan bahawa 
pelaksanaan perisian GA dalam masalah yang kompleks biasanya menyebabkan 
kelewatan dalam proses pengoptimuman yang tidak boleh diterima. Oleh kerana itu, 
penyelesaian GA yang berasaskan perkakasan diperlukan, terutamanya dalam sistem 
yang memerlukan prestasi masa nyata. Namun, pelaksanaan penuh GA dalam 
perkakasan, menyisihkan GA daripada digunakan semula dalam aplikasi lain. Hal ini 
kerana beberapa operasi dalam GA sangat bergantung kepada masalah yang 
disasarkan. Oleh itu, tesis ini mencadangkan satu reka bentuk perkakasan GA (HGA) 
yang menyediakan kemudahan untuk dikonfigurasikan, skalabilitas dan fleksibiliti. 
HGA yang dicadangkan dilaksanakan pada papan prototaip Altera FPGA II Stratix 
EP2S60 dengan frekuensi jam yang beroperasi pada 50 MHz. Perkakasan-perisian 
co-desain teknik diterapkan. Sistem dipartisikan berdasarkan kepada aspek-aspek 
berikut: (a) kekangan sistem (b) operasi mengira-intensif (c) operasi sekuensial (d) 
hambatan semasa mengakses bas sistem (e) kos untuk logik digunakan, dan (f) 
kemampuan untuk mengubah semula konfigurasi. Dalam tesis ini, HGA digunakan 
dalam beberapa kajian kes, ianya termasuk pengoptimasian fungsi kemampuan yang 
mudah, fungsi kompleks Michalewicz, dan satu aplikasi dunia nyata. Aplikasi dunia 
nyata ini adalah penerapan GA untuk mengoptimumkan penalaan parameter untuk 
pemprosesan gambar vaskular jari dalam subsistem biometrik. Keputusan kajian 
menunjukkan bahawa HGA yang dicadangkan mencapai tahap yang baik dalam 
menyediakan kemudahan untuk dikonfigurasikan dan fleksibiliti dalam menangani 
pelbagai masalah. HGA menghitung sekitar tiga kali ganda lebih cepat berbanding 
dengan perlaksanaan GA dalam perisian. Nilai Equal Error Rate untuk sistem 
biometrik vaskular jari dapat ditingkatkan dari nilai 1.004% kepada nilai 0.101%. 
Hal ini menunjukkan bahawa reka bentuk yang dicadangkan adalah cekap dalam 
mengoptimasikan penalaan parameter yang ditetapkan dalam aplikasi pemprosesan 
gambar. 
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CHAPTER 1

INTRODUCTION

1.1 Background

Genetic Algorithm (GA) was first introduced by Holland in 1975, GA is 

based on the idea of evolutionary computing which was introduced by Ingo 

Rechenberg in 1960 [1]. The GA methodology is about applying natural selection 

and genetic evolution to solve optimization and searching problem [2]. GA is a well 

known and a powerful tool for solving search and optimization problems [3]. Besides, 

GA has been theoretically and empirically proven to provide robust search in 

complex spaces [1].

GA obeys Darwin’s evolutionary theory, “survival of the fittest” where the 

fitter individuals survive and the weaker individuals die [2]. GA imitates genetic

evolution in the form of a computer program. In GA, a chromosome represents a

possible solution, and the chromosome is subdivided into genes where genes

represent parameters or characters of a problem’s solution. Hence in a computer 

program, the chromosome is in the form of a binary string that have single or 

multiple genes where each gene has its own position in chromosome.

There are many other algorithms that are conventionally used to solve 

optimization and search problems such as random search, hill climbing and

simulated annealing [4]. GA is different from the conventional problem-solving 

methods in very fundamental ways [2]:
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