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ABSTRACT

Miniaturized device is an approach by integrating the laboratory function into
small platform. These miniaturized devices are equipped with sensors or actuators to
perform sensing, sample preparation or analysis and is well known as lab-on-chip
(LOC) since 1990. The conventional miniaturized device available in the market
normally provides single dimensional (1D) data at a time in most micro anaysis
processes. In order to obtain images from the device, cameras and microscopes are
normally used. However, the size and tubing intact on the device make it difficult for
cameras or optical devices to be placed within the reaction chamber to capture
images that are related to the process. Processes such as cell detection and
environmental analysis sometimes require two dimensiona (2D) images in order to
enhance the quality of analysis and data accuracy. Therefore, this research proposes
to integrate tomography technique within the miniaturized device for capturing
images within the device chamber in order to replace bulky optical equipment.
Tomography system has been widely used in medical and industrial processes for
image reconstruction. This research integrates Electrica Capacitance Tomography
(ECT) system within a miniaturized device for visualization of stagnant samples via
planar electrodes. This miniaturized planar tomography system consists of electrode
array for the measurement of dielectric property changes within the chamber. This
miniaturized device consists of 8-planar electrodes circulating the detection chamber
where the dimension of each of the electrodes are 4 mm x 2 mm (length x width)
printed on the circuit board. A home-made polydimenthylsiloxane chamber is
fabricated and adhered on top of the electrodes to position the sample for electrical
measurement and image reconstruction. Fan beam projection technique is utilized for
data measurement from the miniaturized planar capacitive tomography system. The
obtained data are processed using Linear Back Projection (LBP) algorithm via
Matlab package for image reconstruction. Three samples. liquid-liquid, liquid-gas
and liquid-solid are studied. Electrica measurement using fan beam projection is
carried out and images of the samples are successfully reconstructed via LBP. Based
on the obtained results, the error percentage for multiphase sample of water and air is
25% while 14.77% for solid sample of yeast and glucose. The obtained results show
that the qualities of acquired images are highly depending on the voltage differences
between each measurement. The amount of volume between the two materials
affects the measured voltage differences. The nearer the samples to the planar
electrode, the voltage differences observed are more significant. The reconstructed
images using miniaturized planar capacitive tomography system for al the samples
show good similarity to the camera captured images.
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ABSTRAK

Peranti bersaiz kecilad alah satu pendekatan dengan mengintegrasikan fungsi
makmal kedalam pelantar kecil. Semenjak 1990, peranti kecil ini diperkenalkan dan
ia bias anya dilengkapi dengan pengesan atau penggerak untuk menjalankan proses
mengesan, penyediaan sampel atau analisis dan lebih dikenali sebagai lab-on-chip
(LOC). Peranti konvensional bersaiz kecil yang terdapat di pasaran untuk analisis
mikro porses biasanya menyediakan bacaan satu dimensi (1D) pada satu masa. Bagi
mendapatkan imej dari peranti, kamera dan mikroskop biasanya digunakan. Walau
bagaimanapun, saiz dan tiub pada peranti menyebabkan kamera dan peranti optic
sukar diletakkan pada posisi peranti kecil untuk penangkapan imej bagi proses tindak
balas. Untuk proses seperti pengesanan sel dan analisis dam sekitar, img dua
dimensi (2D) penting bagi meningkatkan kualiti analisis dan ketepatan data. Oleh itu,
kajian ini mencadangkan untuk mengintegrasi teknik tomografi dalam peranti bersaiz
kecil bagi menghasilkan ime dalam bekas peranti bagi menggantikan peral atan optik
yang bersaiz besar. Sistem tomografi digunakan secara meluas dalam bidang
perubatan dan proses industry bagi pembinaan semula ime. Penyelidikan ini
mengintegrasikan system Tomografi Kapasitan Elektrik (ECT) ke dalam peranti
bersaiz kecil bagi memerhatikan tindak balas sampel yang bertakung menggunakan
elektrod satah. Sistem satah tomografi bersaiz kecil ini terdiri daripada susunan
elektrod bagi mengukur perubahan dielektrik dalam bekas. Peranti bersaiz kecil ini
terdiri daripada 8 elektrod satah yang mengelilingi bekas pengesan di mana dimensi
setigp elektrod adalah 4 mm x 2 mm (panjangx|ebar) yang dicetak atas papan litar.
Bekas polydimenthylsiloxane yang difabrikasi dalam makmal dilekatkan di atas
elektrod bagi meletakkan sampel untuk pengukuran elektrik dan pembinaan semula
img. Teknik unjuran fan beam diguna bagi pengukuran data daripada system
kapasitan tomografi satah bersaiz kecil. Data yang diperolehi diproses dengan
menggunakan algoritma Unjuran Linear Back (LBP) melaui perisan Matlab bagi
pembinaan semula imegj. Tiga sampel : cecair-cecair, cecair-gas dan cecair-pepeja
dikaji. Pengukuran elektrik menggunakan unjuran fan beam dijalankan dan ime
sampel dibina semula dengan jayanya melaui LBP. Daripada keputusan yang
diperolehi, peratus ralat bagi sampel pelbagai fasa iaitu air dan udara adaah 25%
sementara peratusan ralat untuk sampel pepega yis dan glukosa adalah 14.77%.
Keputusan yang diperoleni menunjukkan bahawa kualiti imeg yang diperolehi
bergantung kepada perbezaan voltan di antara setiap pengukuran. Isipadu antara dua
bahan memberi kesan kepada perbezaan voltan yang diukur dan semakin dekat
sampel dengan elektrod satah, perbezaan voltan yang ketara diperolehi. Pembinaan
semulaime menggunakan sistem kapasitan tomografi satah bersaiz kecil bagi semua
sampel menunjukkan persamaan dengan imeg yang diambil dengan menggunakan
kamera.
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CHAPTER 1

INTRODUCTION

11 I ntroduction

Tomography was originated from the Greek word “Tomos’ in 1935's.
Tomography is defined as the dlice of image from the cross section of an object.
Oxford dictionary defines tomography as the method for demonstrating a cross
section of human body or any solid form object via X-rays or ultrasound. In process
tomography, there are two types of imaging system measurement which are non-
intrusive and intrusive tomographic. The selection of the tomography imaging
system depends on the suitability of the proposed sample which does not disturb the
characteristic and nature behavior of the sample and aso the capability of the system

for measurement.

Tomography is divided into two categories; the electrical tomography method
and the radiation-based tomography method. The electrica tomography aredivided
into three types which are the electrical impedance tomography (EIT), electrical
capacitance tomography (ECT) and electromagnetic tomography (EMT). Among
these types, ECT offers advantages such as easy design and fabrication, flexibility in
excitation and low cost [1-4] at which cause ECT one of the widely used system in
the industry.



In medical industry, tomography concept was used for diagnostic
purposes [5]. The tomography concept was applied for the first time in 1980's using
X-rays imaging to observe the cross section images of human body non-invasively.
The images showed the cross section of a specific area of the scanned part of the
human body to allow investigation of the area during operation procedures. Besides
X-ray, other applications in medical utilized the tomography concept are Magnetic
resonance imaging (MRI) [6-8] and Computed tomography (CT) scan [8]. Both of
the instruments share the same objective which is to obtain the image of scanned

area.

Aside from medical industry, industrial process as well is utilizing
tomography widely for imaging purposes [2]. Process tomography helps the industry

to monitor the compositions of materials flow within a closed pipeline [9-11].

Based on the applications of tomography in the medical and process industry
nowadays, both sectors have shown interests in using tomography in a large scale as
their samples are huge in sizes and high volume. However, recent interest has centred
on the small scale detection by using miniaturizing technology which has attracted
research attention for environmental, biomedical and chemical analysis. For instance,
in environmental sample analysis, the image of the sample usually is observed using
microscope for small sample detection and analysis. This concept however is not
appropriate to on-site measurement. Therefore, the motivation of miniaturizing
tomography is the first step to explore the needs and requirement for small sample
detection [12].

The miniaturized approach has been achievable by using Lab-on-chip (LOC).
LOC is defined as the integration of laboratory functions into small devices. The
concept was introduced by Manz in 1990's [13]. LOC is used for small scale or
micro detection and analysis. Many advantages of LOC can be listed for example
high throughput, portable and lightweight [14]. Besides that, most of LOC utilizes
planar electrodes due to the ease of fabrication and instalation [5, 14, 15].



Nevertheless, most of micro sensors only provide single dimensiona data (1D) [12,
16, 17]. For environmental and biomedical measurement and analysis, more
information are needed for detailed analysis for example 2D image. Thus, by
implementing the tomography in the LOC devices, the image of the measurent

sample can be obtained [5].

1.2 Problem Statement

Mobility device is important for many environmental and bioanalysis.
However, most of the current equipment that assist in initia analysis are normally
located in the laboratory. One of the initial analysis is to visualize the samples using
optical scope such as microscope which are not mobile. In environmental sample
anaysis, some of the samples need to be measured on-site as to confirm the
correctness of the sample collection. Other than that, some of the sample degrades
during the transferring period from the site to the laboratory. Besides that,
environmental issues such as temperature, vibration and chemical reaction will affect
the sample’'s quality. Therefore, a portable mobile sensor is important for an on site

sample measurement.

In addition, most of the detections for miniaturization devices are normally
providing 1D datafor most microanalysis[12, 16-18]. 1D datais normally illustrated
in a graph form for data analysis. However, for cell detection, biomedical sample
anaysis and multiphase sample properties, 2D tomograms image is crucia for
visualizing the real image of sample. From the tomograms, the monitoring of sample
can be easily done. Therefore,a sensor designed by integrating the tomography
concept into miniature device to reconstruct 2D tomograms for small scale sampleis
needed.



The accuracy of miniaturization measurement is important for microanaysis.
Most of the miniature devices provide a single data as it is a challenge to introduce
more microsensors within the microdevice to provide more accurate results that
represent the whole sample. Therefore, there is a need for atomography system with
fan beam projection technique, for example in order to be able to provide data that
cover the most area of the detection chamber. In fan beam projection technique,
measurements are repeated for each electrode until all electrodes are excited as
transmitters. This way, more data are acquired and more accurate estimation of

process measurement can be made.

1.3  Research Objectives

The aim of the research is to develop the miniaturized planar tomography

sensor which can be realized by achieving the objectives below:

1. To investigate the feasibility of planar electrode for miniaturized electrical
capacitance tomography system

2. Todevelop, fabricate and characterize the miniature device utilizing electrical
capacitance tomography measurement methods

3. To reconstruct 2D images of multiphase experimental samples

This research investigates and studies the feasibility of miniaturized planar sensor
in process tomography for conventional tomography system. The development of the
planar sensor is based on soft field measurement using electrical capacitance
tomography. The hardware is done through fabrication, characterization and signal
conditioning circuit. The image reconstruction algorithm is performed by using linear
back projection (LBP) provided by Protom-i Research Group, UTM. Three different



samples were used for image reconstruction such as a mixture of “water and oil” and

multiphase samples of “water and air” and “glucose and yeast”.

14 Scope of the Research

This research investigates and studies on the feasibility of electrode sensorsin
miniaturized planar tomography chip. Soft field measurement is proposed by using
electrical capacitance measurement as this measurement is sensitive in multiphase of

different permittivity.

This project consists of hardware development, signal conditioning and
image reconstruction. The hardware devel opment consists of fabrication of the planar
electrodes and miniaturized polymer-based chamber. The planar €eectrode is
fabricated using printed circuit board (PCB) follow the conventional PCB fabrication
method due to low cost factor. Meanwhile, the master template is fabricated using
3D printer due to low cost of printing material and easy for casting the prepolymer.
The polydimenthylsiloxane (PDMS) is used for chamber materia as the material is
low cost and easily formed in small device fabrication where the material is widely
used in LOC device. Signal conditioning circuit is developed to measure the changes
of the electrica parameters within the chamber. Physical test and electrical
characterization are done to investigate the feasibility of the device for miniaturized
tomography measurement. The measurement using signal conditioning system is
done in the laboratory as the supply source required in order to operate the

instrument such as function generator and oscilloscope.

The image of sample is reconstructed using LBP for image reconstruction.
The LBP agorithm is modified from 16 based electrodes to 8 based electrodes. As
the LBP image reconstruction algorithm are normally used for industrial-sized



process tomography system, calibration of miniaturized devices and samples are
done via system calibration. Mixture of sample with single and multiphases are used
for the testing experiment of the developed device. The reconstructed image is
compared to the real image of sample for image comparison by calculating the
percentage error between the real and reconstructed image based on

pixelizing/gridding method. Simulation is done for data analysis.

15 Thesis Structure

The thesis consists of six chapters which this chapter discusses on the
introduction, problems statement, research objective, and scope of the research. The
introduction basically discussed on the need of the research, the application of the
research, the benefit of the research and lastly the chalenges or the obstacle to

achieve the objective of the research.

Chapter 2 reviews the previous research on the tomography imaging
technique and the sensors used for the data acquisition in tomography. Besides that,
the lab-on-chip application, fundamental concept, theories and advantages also been
reviewed.

Chapter 3 presents the sensor fabrication and characterization. The assembly
proceeding of the sensors and the sensing chamber are explained in this chapter.
Besides that, the characterizations and feasibility test of the assembled device are
discussed.

In chapter 4, the signal conditioning of the sensor is shown and discussed.

The optimum frequency and voltage are given and result was discussed. The



experimental to prove the feasibility of the signal conditioning was conducted and

the result was analyzed.

Chapter 5 mainly discusses on the result and analysis. There are three
samples used in the experiment such as the combination of water and oil, water and

air and glucose and yeast. Experimental result is validated through simulation result.

Chapter 6 concludes the findings of the research as well as future work. The
recommendation to continue and improve the system in this research is stated in
chapter 6.
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