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ABSTRACT

Dynamic simulation of complex cardiac excitation and conduction requires high
computational time. Thus, the hardware techniques that can run in the real-time
simulation was introduced. However, previously developed hardware simulation
requires high power consumption and has a large physical size. Due to the
drawbacks, this research presents the adaptation of Luo-Rudy Phase I (LR-I) cardiac
excitation model in a rapid prototyping method of field programmable gate array
(FPGA) for real-time simulation, lower power consumption and minimizing the
size. For the rapid prototyping, a nonlinear Ordinary Differential Equation (ODE)-
based algorithm of the LR-I model is implemented by using Hardware Description
Language (HDL) Coder that is capable to convert MATLAB Simulink blocks
designed into a synthesisable VHSIC Hardware Description Language (VHDL)
code and verified using the FPGA-In-the Loop (FIL) Co-simulator. The Xilinx
FPGA Virtex-6 XC6VLX240T ML60S5 evaluation board is chosen as a platform for
the FPGA high performance system which is supported by the HDL Coder. A fixed-
point optimisation has been successfully obtained with Percentage Error (PE) and
Mean Square Error (MSE) which are -1.08% and 2.28%, respectively. This result
has given better performance for the hardware implementation in terms of 27.5%
decrement in power consumption and 5.35% decrement in utilization area with
maximum frequency 9.819 MHz. By implementing the constructed algorithm into
the high performance FPGA system, a new real-time simulation-based analysis

technique of cardiac electrical excitation has been successfully developed.
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ABSTRAK

Simulasi dinamik pengujaan dan pengaliran jantung yang kompleks memerlukan
masa pengiraan yang tinggi. Oleh itu, teknik-teknik perkakasan yang boleh
dijalankan dalam simulasi masa nyata telah diperkenalkan. Walau bagaimanapun,
simulasi perkakasan yang dibangunkan sebelum ini memerlukan penggunaan kuasa
yang tinggi dan mempunyai saiz fizikal yang besar. Oleh kerana kelemahan
tersebut, penyelidikan ini mempersembahkan penyesuaian model pengujaan jantung
Luo-Rudy Fasa I (LR-I) dalam kaedah prototaip pantas bagi tatasusunan get boleh
atur cara medan (Field Programmable Gate Array: FPGA) untuk simulasi masa
nyata, penggunaan kuasa yang lebih rendah dan pengurangan saiz. Untuk prototaip
pantas, model LR-I berasaskan algoritma persamaan pembezaan biasa tidak linear
dilaksanakan dengan menggunakan Hardwre Description Language (HDL) Coder
yang mampu untuk menukar blok MATLAB Simulink yang direka ke dalam kod
VHSIC Hardware Description Language (VHDL) dan disahkan menggunakan
FPGA-In-Loop (FIL) Co-simulator. Papan Penilaian Xilinx FPGA Virtex-6
XC6VLX240T MLGO5 dipilih sebagai platform untuk sistem FPGA berprestasi
tinggi yang disokong oleh HDL Coder. Pengoptimuman titik tetap telah berjaya
diperolehi dengan Ralat Peratusan (RP) dan Ralat Min Kuasa Dua (RMKD) yang
masing-masing -1.08% dan 2.28%. Keputusan ini telah memberikan prestasi yang
lebih baik untuk pelaksanaan perkakasan dari segi 27.5% susutan dalam
penggunaan kuasa dan 5.35% susutan dalam kawasan penggunaan dengan frekuensi
maksimum 9.819 MHz. Dengan melaksanakan algoritma yang dibina ke dalam
sistem FPGA berprestasi tinggi, teknik analisis baru pengujaan elektrik jantung

berasaskan simulasi masa nyata telah berjaya dibangunkan.
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CHAPTER 1

INTRODUCTION

1.1 Overview

This thesis examines the simulation study of a cardiac cell mathematical model on
hardware implementation. Specifically, this study is to improve understanding of a
cardiac excitation mechanism by reproducing quantitatively the action potential
generation and phase-locked response to periodic current pulse stimulation by using
high performance Field Programmable Gate Array (FPGA) implementation for Luo-
Rudy Phase I (LR-I) model.

Section 1.2 discussed on the research background of cardiac excitation, while,
section 1.3 summarised the problem statement that has been reported by previous
studies which include large scale of variables, massive amounts of computational
time, and challenges in writing the Hardware Description Language (HDL) code
manually that lead to error prone, time consuming and high level languages that are
difficult to be understood by non-FPGA experts, and the solution to these problems
also are proposed. Besides, section 1.4 presents the research objectives, while section
1.5 explained the research scope and limitations. Lastly, the overall research

contribution is discussed in section 1.6 and the thesis organisation is presented in 1.7.
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