
UNIVERSITI 
TEKNOLOGI 

I n s t i t u t 
Pengajian 
Siswazah 

\ 

i 

J 

] 

i 

STRACTS 
Volume: 14, October 2018 

IGS B i a n n u a l P u b l i c a t i o n 



Name : NORFARIZAN BT. MOHD SAID 

Title : MATHEMATICAL MODELING OF BRAIN TUMOR CELL GROWTH FOR 
PASSIVE, ACTIVE AND OXYGEN TRANSPORT MECHANISM WITH 
MICROGRAVITY CONDITION 

Supervisor : DR. FATIMAH YAHYA (MS) 

ASSOC. PROF. DR. HJH. NORMA ALIAS (CS) 

The unpredictable conduct of the brain tumor cells present difficulties in 
creating precise models. The limitation of medical imaging in forecasting 
the nature of the tumor growth and the costly techniques for diagnostic and 
treatment posed an obstacle to the effort in understanding and fighting this 
life-threatening disease. As the tumor itself can only be detected and treated 
through the biological process, a good mathematical model should represent 
the important biological aspects with useful solution that contribute to 
further understanding of the problem. Addressing the current challenges 
in developing a realistic model by bridging the theoretical with the clinical 
applications, this research aims to govern mathematical models for brain 
tumor cell growth by emphasizing the cell migration and proliferation as the 
key characteristics. The models of passive and active cell mechanisms are 
representing the tumor cell migration while the model of oxygen transport 
mechanism configures the cell proliferation. New parameters for oxygen 
and gravity effects are included as the model novelty. The conditions of 
microgravity and oxygen deprivation are presented using the microscopic 
model of the tumor cellular dynamics. The models developed are in the 
form of parabolic equations which is discretized using the Finite Difference 
Method (FDM) with weighted average approximation. Numerical iterative 
methods, namely Jacobi (JAC), Red-Black Gauss-Seidel (RBGS), Red-Black 
Successive Over Relaxation (RBSOR) and Alternating Group Explicit (AGE) 
method are used to solve the discretized models. The sequential algorithms 

for these methods are developed and written in Matlab R2009a code to 
produce the numerical simulations of the models. Magnetic Resonance 
Imaging (MRI) images of a specific brain tumor patient are obtained from 
the local hospital for validation purposes. The image processing technique 
known as Enhanced Distance Active Contour (EDAC) are utilized in 
edge detection of the MRI images to get the parameter estimations for 
comparison with the model simulations. Simulations for one and two-
dimensional space for all models are performed and discussed. Numerical 
results presented include the computational complexity of the iterative 
methods. The research found that the passive cell mechanism model is 
appropriate to describe the early stage of the tumor growth while the active 
cell migration model is good to describe the invasive tumor stage. It is 
also noted that oxygen and gravity condition play a big role on the tumor 
cell growth which could also controlled their internal cellular dynamics. 
The research proposed that the models can be used for brain tumor growth 
prediction, visualization, observation and monitoring purposes. The two-
dimensional model provided a better visualization of the tumor since it 
provides information on diffusion and velocities in multiple directions at 
each grid point at each computational interval. The computation of velocity 
profiles in two dimensions allows the accurate representation of tumor 
cell growth and better prediction of the effects of oxygen deprivation and 
microgravity conditions. 
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Large numbers of previous work regarding the study of lane detection in DNA 
gel image have been proposed and performed on good quality images. Current 
lane detection methods that are available do not accommodate techniques 
that can be performed automatically on poor DNA gel image. Lane detection 
is the first step in any gel image analysis techniques which involved tedious 
and time-consuming tasks. The accuracy of this step is often compromised 
by technical variation inherent to DNA gel image. For that reason, the aim 
of this thesis is to identify and propose a method that is effective in detecting 
the lane in poor DNA gel image of plants. The imperfection of DNA gel 
image caused by the electrophoresis or during the acquisition of the gel 
image causes many types of noises, which contaminate the resulting image. 
These errors and noises significantly affect the processing and analysis of 
the DNA gel image. The conducted experiment examines 184 poor DNA 
gel images collected from Agrobiodiversity and Environment Research 
Centre, Institut Penyelidikan dan Kemajuan Pertanian Malaysia (MARDI), 
Malaysia. The DNA gel images were produced by electrophoresis-based 
method using polymerase chain reaction (PCR)-based marker system. There 
are two highlighted aspects performed to achieve the objective of this thesis 
that are image enhancement and lane detection. The image enhancement 
of the poor DNA gel image is performed using two different approaches 
that are spatial and frequency filtering. The two approaches are compared 
and the quality of the enhanced images was accessed and evaluated using 
objective image quality metric that is peak signal-to-noise ratio (PSNR). For 
lane detection, we describe the convention of threshold value in the analysis 
of poor DNA gel image to eliminate false peak contained in the intensity 

profile obtained from the enhanced image data projection. A false peak 
elimination method was proposed in which a set of threshold interval was 
applied in the peak detection process to eliminate the false peak and retain 
the true peaks representing the lane's border. The output of this method 
is used to track the lane's border, further the individual lane is identified. 
Evaluation of the results from the proposed method in detecting the correct 
lanes was done by carrying out the analysis based on visual observation. 
Later, the performance of the method was evaluated empirically where 
the performance being assessed according to the discrepancy measures on 
the outcome of the lane detection process using confusion matrix. Based 
on the two approaches of image enhancement process, the average PSNR 
for the spatial domain filtering is 42.4727 dB whereas frequency domain 
filtering is 39.1417 dB. Therefore, spatial domain filtering become an 
exceptional approach for the enhancement of the poor DNA gel images. 
Further, the performance of the false peak elimination method proposed in 
lane detection and tracking process results with recall rate and accuracy of 
detecting the true peaks are 97.63% and 87.88% on poor DNA gel images 
while 99.57% and 95.96% on good DNA gel images. This finding shows 
that the proposed false peak elimination method, utilizing a set of optimal 
threshold interval, proves to be a promising lane detection method for both 
poor and good quality DNA gel images. Additionally, when the tasks of 
lane detection and tracking are implement automatically, the false peaks 
can be adequately eliminated and significantly ease the subsequent process 
of DNA gel image analysis. 
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