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ABSTRACT

Radiation therapy is one of the cancer cells treatments that use high-energy

radiation to shrink tumors and kill cancer cells. Radiation therapy kills cancer cells by

damaging their DNA directly or creates charged particles within the cells that can in

turn damage the DNA. As a side effect of the treatment, the radiation therapy can also

damage the normal cell that located at parts of our body. The main goals of radiation

therapy are to maximise the damaging of tumors cell and minimise the damage of

normal tissue cell. Hence, in this study, we adopt an existing model of high dose

irradiation damage. The purpose of this study is to estimate the six parameters of the

model which are involved. Two optimisation algorithms is used in order to estimate

the parameters, there are Nelder-Mead simplex method and Genetic Algorithm. Both

methods have to achieve the objective function which are to minimise the sum of square

error (SSE) between the experimental data and simulation data. The performance of

both algorithms are compared based on the computational time, number of iteration and

value of sum of square error. The optimisation process is carried out using MATLAB

programming built-in functions. The parameters estimation results shown that Nelder-

Mead simplex method is more superior than Genetic Algorithm for this problem.
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ABSTRAK

Terapi radiasi adalah salah satu daripada rawatan sel kanser yang menggunakan

sinaran bertenaga tinggi untuk mengecutkan tumor dan membunuh sel-sel kanser.

Terapi radiasi membunuh sel-sel kanser dengan merosakkan DNA mereka secara

langsung atau mencipta zarah bercas dalam sel-sel yang boleh pula merosakkan DNA.

Sebagai kesan sampingan rawatan, terapi radiasi boleh merosakkan sel normal yang

berada di badan kita. Matlamat utama terapi radiasi adalah untuk memaksimumkan

merosakkan tumor sel dan mengurangkan kerosakan sel tisu normal. Oleh itu,

dalam kajian ini, kita akan menerima pakai model sedia ada untuk masalah ini

untuk menganggarkan parameter yang terlibatkan. Data eksperimen yang kumpul

akan digunakan dalam menganggarkan parameter anggaran untuk masalah ini. Kami

menggunakan dua penyelesaian berangka dalam masalah ini; Kaedah Nelder-Mead

dan Algoritma Genetik. Kedua-dua kaedah perlu mencapai matlamat utama iaitu

untuk mengurangkan jumlah ralat persegi (JRP) antara data eksperimen dan bilangan

sel hidup. Kami akan membandingkan kaedah ini dengan beberapa faktor; masa

pengiraan dan beberapa lelaran pengoptimuman sehingga optima. Prosedur untuk

mengumpul data dan simulasi dikodkan menggunakan pengaturcaraan MATLAB dan

melaksanakan 100 data secara rawak. Kedua-dua kaedah adalah algoritma yang baik

kerana pengoptimum berdasarkan jumlah nilai ralat kuasa tetapi kaedah Nelder-Mead

kelihatan lebih unggul sebagai pengoptimum untuk masalah ini.
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CHAPTER 1

INTRODUCTION

1.1 Background of the Research

All living organism made up of tissue and cell as a basic unit of life. Cell is

the basic structural, functional, and biological unit of all known living organisms. In

general cells are divided into two part that are animal cell and plant cell. The biggest

differences between animal cell and plant cell is the existence of cell wall that decide

the shape of the organism. As shown in Figure 1.1, the main component of animal

cell main are the membrane cell, the cytoplasm and the nucleus which carries out

the activities of the cell. The membrane cell or the plasma membrane is a biological

membrane that separates interior part of the cells from the outside environment [1].

Figure 1.1 The simple cross section of animal cell.
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The cell membrane is selectively permeable to ions that allow the movement of

substances in and out of cells. Cytoplasm which is walled by membrane cell consists

of thick solution that fills each cell. It mainly composed about 80% water and usually

colourless. The last part is nucleus that control the activity of the cell. It contains most

of the genetic material to maintain the reliability of these genes present as outsized

variation of protein call as Deoxyribonucleic Acid (DNA).

However, we are always surrounded by radiation which can damage DNA

molecules. Radiation can be classified physically as an emission of energy in form

of waves energy or particles movement through medium [2]. Radiation is often

characterized into two parts which are ionising or non-ionising depend on energy

of the radiated particles. Ionisation occurs when an electron is ”knocked out” from

an electron shell of the atom, which leaves the atom with a net positive charge.The

most commonly known types of irradiation are gamma ray and X-ray. In contrast,

non-ionising is happen when insufficient energy produce as a part of electromagnetic

spectrum such as magnetic field and radio waves. See section 2.3 for detail.

Radiation for medical purpose or known as radiotherapy is a therapy using

ionising radiation to control or kill harmful cell in human body. Radiation therapy

is commonly applied to the cancerous tumour because of its ability to control cell

growth. Ionising radiation works by damaging the DNA of cancerous tissue lead to

cellular death of the cell. It is also common to combine radiation therapy with surgery,

chemotherapy, hormone therapy and immunotherapy.

During the radiotherapy treatment, our aim is to maximise damages of tumour

cell and minimise the damages of the normal tissue. As a result, shaped radiation

beams is needed for aiming from several angles of exposure to intersect at the tumour,

providing a much larger absorbed dose compared to surrounding health tissue. Because
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of living cells and, more important the DNA in those cells can be damaged by ionisation

radiation, therefore exposure to ionising radiation is considered to increase the risk of

cancer [3].

Radiation might be effected nearby tissue located at the treatment area. This

living tissue will be affected and can lead to secondary cancer cell. This problem

is discussed in detail in [4] to identify the cell population evolution after irradiation.

However [5] has claimed that the model in [4] left out too many factors that cause it

less accurate.

Parameters are descriptive measures of an entire population. However, their

values are usually unknown because it is infeasible to measure an entire population.

Because of this, you can take a random sample from the population to obtain parameter

estimates. Parameter estimation is the computational numerical values for parameters

from the available observation [6]. The parameter estimation term itself refers to the

process of using sample data to estimate the parameters of the selected distribution.

Parameter estimation plays a critical role in accurately describing system

behaviour through mathematical models such as statistical probability distribution

functions. Other than that parameter estimation may act as adaptive filtering where

the variable parameters will adjust itself according to optimisation algorithm [7].

Parameter estimation also can identify the model system [8] such as time-series

modelling in signal processing theory. Last but not least it can control the mathematical

model of the dynamic system by providing the estimated values to the model [9].

As for our parameter estimation part, the model parameter estimation using

Nelder-Mead simplex method and Genetic Algorithm which allow us to relate the

clinical useful parameter of the LQ relation to aspects of cellular activity that can be

manipulated experimentally. The estimated parameters values are also useful which

act as a guide in solving real life problem of cell population growth after irradiation.
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The goal in this present thesis is to understand a better cell population model

suggested by [3] and to estimate the number of cell survived following high dose

irradiation. This research will help us in provide the information related to the model

for cell population evolution after irradiation. Other than that, this research also

provides the information for surviving cell fraction if the parameters in the model vary.

1.2 Statement of the Problem

Radiation therapy is one of the most common treatments for cancer. It use high-

energy particles or waves, such as x-rays, gamma rays, electron beams, or protons, to

destroy or damage cancer cells. In 2011, [10] suggested that irradiation was successful

in the novel theranostic technique involving co-treatment with heptamethine dyes to

clarify tumour cells and attenuate their growth with minimal side effects.

During the treatment, the radiation can also damage the nearby normal tissue at

the treatment areas. Consequently it can lead to development of secondary cancer cell

due to damages of genes in DNA.

In 2014, a mechanistic model of high dose irradiation damage on mammalian

cell has been proposed by [3]. The model proposed six parameters that involved in cell

population evolution after irradiation which explained the dynamics of the problem.

In order to estimate the six parameters, two optimisation algorithms will be

employed in this current work. There are Nelder-Mead simplex method and Genetic

Algorithm. To investigate the performance of both algorithm, the sum of square error

(SSE), computational time and number of iteration will particularly concern.
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1.3 Objective of Research

The objective of the study are:

1. To estimate the model parameters by using Nelder-Mead simplex

method and Genetic Algorithm.

2. To compare the performance of Nelder-Mead simplex method and

Genetic Algorithm in term of objective function, number of iteration

and computational time.

1.4 Scope of the Research

In this research a system of ordinary differential equations (ODE) in [3]

which described the cells surviving fraction following high dose irradiation were

considered. The model contains of six parameters which are to be estimated. In

this work, implementation will be focussing on Nelder-Mead simplex method and

Genetic Algorithm to find an optimal model parameters value. By using MATLAB

the performance of this two algorithm will be compared.

1.5 Significance of the Research

The significance of the study are as follows:

1. Enhance understanding on realistic mathematical model in cell

population evolution following high dose irradiation.

2. Describe cell population nature after radiated by irradiation with

different doses through cell survival curve.

3. Provide the the best model parameters values for the problem that can

be used as a guide for the real related problem.
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4. Prove the best optimiser for the problem from the performance

between Nelder-Mead simplex method and Genetic Algorithm.

1.6 Thesis Outline

The present thesis concentrates on the parameter estimation of model suggested

in [3]. It begins with Chapter 1 which is introduction of the study, including the

background of the research, problem statement, objective of the research, scope of

the research and significance of the study.

Chapter 2 dealt with the literature review on fundamental background of cell

population evolution after radiation. Some biological facts will explained so that the

reader will understand more about the problem. The related works on model of the

problem and implication using ionising radiation were also will reviewed.

Then, Chapter 3 describes and explains in more detail about the research

methodology that adopted in this study. The chronology and flow of the study will

be explained in order to solve the problem. The methods of solution that used in

the research were introduced in this chapter. Some related previous works related to

solving method, algorithm and example will explained carefully.

In Chapter 4, the formulation of the model of cell evolution following

irradiation suggested by [3] is briefly discussed. In addition the governing equation

with the initial conditions for the problem is introduced.

Chapter 5 will summarise and discusses the implementation of Nelder-Mead

simplex method and Genetic Algorithm in minimise the objective function (SSE). The

real data was introduced and some fundamental information related to the problem was
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explained. The efficiency for both algorithm will determine the best estimator for the

problem. This chapter also includes some discussion on the result that we obtained

from MATLAB programming.



REFERENCES

1. Singleton, P. Bacteria in Biology, Biotechnology and Medicine Bacteria in Biology,

Biotechnology and Medicine. 5th Edition. New York: Wiley. 1999.

2. Gale, R. P. and Lax, E. Radiation: What It Is, What You Need To Know. 1st Edition.

United State: Alfred A. Knopf. 2013.

3. Siam, F. M. Modelling Effects of Ionising Radiation. Ph.D. Thesis. University of

Strathclyde; 2014.

4. Albright, N. A Markov formulation of the repair-misrepair model of cell survival.

Journal of Radiation Research. 1989. 118(1): 1–20.

5. Eric, J. and Hall, A. J. Radiobiology for the Radiologist. 6th Edition. Philadelphia

USA: Lippincott Williams & Wilkins. 2006.

6. van den Bos, A. Parameter Estimation for Scientists and Engineers. United State

of America: John Wiley & Sons. 2007.

7. Raol, J. R. and Singh, J. Modelling and Parameter Estimation of Dynamic Systems.

London: The Institution of Engineering and Techology. 2004.

8. Pintelon, R. and Schoukens, J. System Identification A Frequency Domain

Approch. Belgium: The Institution of Electrical and Electronic Engineers. 2001.

9. DiMasi, G. B., Gombani, A. and Kurzhansk, A. B. Modeling, Estimation and

Control of Systems with Uncertainty. Springer Science and Business Media. 1999.

10. X Tan, S. L. and Wang, D. A new heptamethine dye with intrinsic cancer targeting,

imaging and photosynthesizing properties. Journal of Biomaterials China. 2011.

33(7): 2230–2239.

11. Lewin, B., Cassimeris, L., Lingappa, V. R. and Plopper, G. Cells. 1st Edition.

Bostan: Jones and Bartlett Publishers. 2007.



62

12. Lodish, H., Berk, A. and Darnell, J. Molecular Cell Biology. 5th Edition. New

York: W. H. Freeman Publishers. 2004.

13. Alberts, B. and Johnson, A. Molecular Biology of the Cell. 4th Edition. America:

Garland Science. 2002.

14. Alberts, B. and Johnson, A. Molecular Biology of the Cell. 6th Edition. America:

Garland Science. 2004.

15. Roy, D. Biotechnology: Cytogenetics, Biotechnology and Bioinformatics. 1st

Edition. United Kingdom: Alpha Science Intl Ltd. 2010.

16. Mashaghi, A. and Katan, A. A Physicist’s View of DNA. De Physicus. 2013.

vol(24)(3): 59-61.

17. Paun, R., Gheorghe, S. and Arto, G. DNA Computing New Paradigms. 1st Edition.

Germany: Springer. 1998.

18. Meijer, L., Jezequel, A. and Docummun, B. Progress in Cell Cycle Research. 1st

Edition. Vol. 4. America: Springer Science and Business Media New York. 2000.

19. Kellerer, A. M. and Rossi., H. D. Theory of dual radiation action. Radiation

Research. 1972. vol(8): 85–158.

20. Kellerer, A. M. and Rossi, H. H. A generalized formulation of dual radiation

action. Radiation Research. 1978. vol(75)(3): 471–488.

21. Prise, K. M. and Sullivan, J. M. Radiation-induced bystander signalling in cancer

therapy. Nature Reviews Cancer. 2009. vol(9)(5): 351–360.

22. Meijer, L., Jezequel, A. and Docummun, B. Progress in Cell Cycle Research. 1st

Edition.. vol. 4. New York: Springer Science and Business Media. 2000.

23. Paun, G. On the splicing operation. Discrete Application Mathematics. 1996.

vol(70): 57–79.

24. Wink, M. An Introduction to Molecular Biotechnology. 1st Edition. Germany:

WILEY-VCH Verlag GmbH & Co. 2006.

25. Curtis, S. B. Lethal and potentially lethal lesions induced by radiation. Radiation

Research. 1986. vol(106): 252–270.

26. Gow, M. D. Examination of Bystander Cell Death Following Low-LET Irradiation.

Ph.D. Thesis. McMaster University. Hamilton, Ontario; 2011.



63

27. Han, W., Chen, S. and Wu, L. Nitric oxide mediated dna double strand breaks

induced in proliferating bystander cells after alpha-particle irradiation. Mutation

Research. 2010. vol(684): 81–89.

28. Mothersill, C. and Seymour, C. B. Radiation-induced bystander effects and the

dna paradigm: An out of field perspective. Mutation Research. 2006. vol(597):

5–10.

29. Ojima, M., Furutani, A. and Kai, M. Persistence of DNA double-strand breaks

in normal human cells induced by radiation-induced bystander effect. Radiation

Research. 2011. vol(175)(1): 90–96.

30. Sachs, R. K., and Brenner, D. J. The link between low-let dose-response relations

and the underlying kinetics of damage production/repair/misrepair. International

Journal Radiation Biological. 1997. vol(72): 351–374.

31. Partouche, J. Stochastic modelling of the cell killing effects of low and high

radiation. Master Thesis. A and M University, Texas. 2004.

32. Stewart, R. D. Two-lesion kinetic model of double-strand break rejoining and cell

killing. Radiation Research. 2001. vol(156): 365–378.

33. Trken, A., Zlem, A. and Apaydin. Estimating the earthquake source parameter:

Simulated annealing versus nelder-mead simplex algorithm. Communications

Series A1 Mathematics & Statistics. 2013. 62(2): 53–66.

34. Mesbahi, T., Khenfri, F., Rizoug, N., Chaaban, K., Bartholomes, P. and Moigne,

P. L. Dynamical modeling of li-ion batteries for electric vehicle applications based

on hybrid particle swarmneldermead (psonm) optimization algorithm. Electric

Power Systems Research. 2016. 131: 195-204.

35. Baghmisheh, M. V., Peimani, M., Sadeghi, M. H., Ettefagh, M. M. and Tabrizi,

A. F. A hybrid particle swarmneldermead optimization method for crack detection

in cantilever beams. Applied Soft Computing. 2012. 12(8): 2217-2226.

36. Hosseini, M., Naeini, S. A. M., Dehghani, A. A. and Khaledian, Y. Estimation of

soil mechanical resistance parameter by using particle swarm optimization, genetic

algorithm and multiple regression methods. Soil and Tillage Research. 2016. 157:

32-42.



64

37. Zolpakar, N. A., Mohd-Ghazali, N. and Ahmad, R. Experimental investigations

of the performance of a standing wave thermoacoustic refrigerator based on multi-

objective genetic algorithm optimized parameters. Applied Thermal Engineering.

2016. 100: 296-303.

38. Wen, J., Yang, H., Tong, X., Li, K., Wang, S. and Li, Y. Optimization investigation

on configuration parameters of serrated fin in plate-fin heat exchanger using

genetic algorithm. International Journal of Thermal Sciences. 2016. 101:116-125.

39. Sarker, R. S. and Newton, C. S. Optimization Modelling: A Practical Approach.

1st Edition. New York: Taylor & Francis Group. 2008.

40. Mosat, A. Deterministic and Stochastic Batch Design Optimization Techniques.

1st Edition. Switzerland: Swiss Federal Institute of Technology. 2006.

41. Kiranyaz, S., Ince, T. and Gabbouj, M. Multidimensional Particle Swarm

Optimization for Machine Learning and Pattern Recognition. 4th Edition. Finland:

Springer. 2008.

42. Ouriaa, A. and Toufigha, M. Application of nelder-mead simplex method for

unconfined seepage problems. Applied Mathematical Modelling. 2009. vol(33)(9):

3589–3598.

43. Luersena, M. A. and Richec, R. L. Globalized Nelder-Mead method for

engineering optimization. Computers & Structures. 2004. vol(82): 2251–2260.

44. Xiong, Q. and Jutan, A. Continuous optimization using a dynamic simplex

method. Chemical Engineering Science. 2003. vol(58): 3817–3828.

45. Zahara, E., Fan, SK. S and Tsai, D. M. Optimal multi-thresholding using a hybrid

optimization approach. Pattern Recognition Letters. 2005. vol(26)(8): 1082–1095.

46. Pandi, M. and Premalatha, K. An advanced Nelder-Mead simplex method for

clustering of gene expression data. International Journal of Computer, Electrical,

Automation, Control and Information Engineering. 2014. vol(8)(4): 1–9.

47. Hermawanto, D. Genetic algorithm for solving simple mathematical equality

problem. 2013.

48. IEEE, M., Systems and Staff, C. S. (Eds.). Cybernetics Evolving to Systems,

Humans, Organizations, and Their Complex Interactions. 0780365860. 2000.



65

49. Gordini, N. A genetic algorithm approach for sees bankruptcy prediction:

Empirical evidence from Italy. Expert Systems with Applications. 2014.

vol(41)(14): 6433–6445.

50. Hoque, M. S., Mukit, M. A. and Bikas, M. A. An implementation of intrusion

detection system using genetic algorithm. International Journal of Network

Security & Its Applications. 2012. vol(4)(2): 1–12.

51. Mitchell, M. An Introduction to Genetic Algorithms. 1st Edition. London,

England: First MIT Press Paperback addition. 1998.

52. Tuljapurkar, S. and Calwell, H. Structured-Population Models in Marine,

Terrestrial, and Freshwater Systems. 1st Edition. Florence: Springer. 1997.

53. Archdeacon, T. J. Correlation and Regression Analysis A Historian’s Guide. 5th

Edition United State of America: The University of Wisconsis Press. 1994.

54. Johnson, R. and Kuby, P. STAT 2. 2nd Edition. Bostan USA: Richard Stratton.

2011.

55. Zar, J. H. Biostatistical Analysis. 5th Edition. United Kindom: Prantice Hall.

2010.




