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Topicality of research

With the development of technology, the problems that
modern researchers have to solve become more difficult. Although
modern computer technology allows us to solve tasks of incredible
complexity in a reasonable amount of time, quite often the
complexity of the research process prolongs calculations over days
or weeks, which is obviously a serious inconvenience for any
researcher. One of the representatives of this type of problems is
the multi-factor optimization tasks.

The earliest methods of optimization were to find extremes
of simple functions using a linear algebra. Pierre Farm and Joseph-
Louis Lagrange were the first to develop the method of finding the
optimum using a linear algebra. Isaac Newton and Johann Gauss
laid the groundwork for the development of iterative methods of
optimization.

The current form of linear programming was developed by
Leonid Kantorovich in 1939, and a scientific article on the famous
Simplex method was published in 1947 by George Dancing. Since
then, a number of optimization methods have been developed,
some of which can be distinguished in terms of usability: gradient
descent method, Newton's method, optimization using penalty
coefficients, optimization using heuristic methods.

Optimization is also referred to as mathematical
programming or as mathematical optimization. After the 1970s,
optimization developed into a major research direction and
identified several key sub-areas: linear programming, nonlinear
programming, optimization without boundary parameters,
optimization using boundary parameters, single and multi-factor
optimization, dynamic programming.

Linear optimization has developed most rapidly due to its
simplicity and is currently used in logistics, banking and economics.
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As for the problems of nonlinear, multi-factor optimization
- it is more complex and with known methods it is quite difficult to
solve them without rough approximations, reducing the quality of
result. Unfortunately, the vast majority of engineering tasks are
nonlinear and multifactorial.

Optimization processes are actively used in the field of
medical engineering. The task discussed in the dissertation is in this
direction of engineering and deals with the problem of selecting the
optimal angles for radiation techniques in radiation therapy, IMRT
(Intensity Modulated Radiation Therapy - Intensity Modular
Radiation Therapy).

Research subject

The subject of the study is one of the modern problems of
medical engineering, namely, the process of selecting the optimal
angles for the implementation of dynamic techniques of radiation
therapy, IMRT. Although the effectiveness of the methods of
selecting and optimizing the angles discussed in the paper has been
experimentally proven, the fact is that their use requires
considerable time to perform the calculations. This, in turn, poses a
serious obstacle to the planner and often makes their use infeasible.

The second and arguably the most important problem is the
premature convergence of algorithms and sticking to the local
minimum. The algorithm selected by us, based on the principles of
its basic operation, allows us to get rid of this problem in case of
correct selection of the initial parameters.

The heterogeneity of the search area is complicating the task of
optimization as well. We must bear in mind that the human body
is heterogeneous in terms of both the density of the constituent
tissues and the irregularities of the surface. Since the problem is
solved by computational methods, we must also take into account
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the fundamental differences between the tissues in the area of
optimization, for example, healthy, damaged, critical and less
critical organs require an individual approach, which is an
important factor in optimizing diversity.

Research aim and goals

The aim of the dissertation is to simplify the use of the
widely used IMRT irradiation method in radiation oncology,
improve the quality of the produced irradiation plan taking into
account the internationally accepted quality evaluation criteria and
automate a certain stage of compiling the IMRT irradiation plan.

The task of the study is to solve the problem of optimizing
IMRT irradiation angles based on existing mathematical models
and solve it using heuristic methods, in particular, using genetic
algorithms - both reducing the time of computational processes and
improving the quality of the plan.

Methods of research

MatRad software is used to create, optimize and calculate
dose distribution of treatment plans. The processed algorithm is
realized in MATLAB programming language. The effectiveness of
the method was tested on 12 test clinical cases and a numerical
comparison was made with another, clinically proven method. The
computed tomography images required for the experimental study
is taken from the database of the Kutaisi Oncology Center. Patient
information is completely anonymous.

Novelty of the research
The scientific novelty of the paper can be presented in the
following points:
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On the basis of existing mathematical models, the method
of optimization of irradiation angles by IMRT method has
been developed.

A genetic algorithm tailored to the task has been
developed, which gives us the results that are as close as
possible to the optimal in the acceptable time without being
prone to local optima entrapment.

The developed algorithm, in comparison with the
commercial methods of optimization, gives a better quality
of protection of healthy organs.

Practical bearing of work

The model and algorithm developed as part of the study can
be used in clinical practice after official testing and evaluation. This
will significantly help professionals in the field of creating radiation
plans for complex and non-standard areas, with good dose
distribution and acceptable speed.

The software source code used in the paper will be available
for free on the online distribution system GitHub, and we also plan
to add an optimization method developed by us to the MatRad
software as a new module to help other researchers conduct
experiments in this area and using our software.

Approbation of work
The main provisions of the dissertation were presented and
discussed at the following scientific conferences:

1. Use of genetic algorithm to solve common optimization
problems, IX Annual International Conference of Georgian
Mechanics Union, pp. 48, 81-82. Kutaisi, 2018
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2. KPUTUYECCKUN AHAJIM3 METOJOB BBIBOPA
YTJIOB OBJYYEHUSA BIMRT TEXHUKE JIYYEBOU
TEPAIINHY, AxryanpHble BOIIPOCHI IPUKIATHON GU3UKY U
sHepreTuky, crp. 210-212, Cymrant, 2018

3. Effectiveness of Computation Parallelisation in Solving the
Optimization Problems of Many Modern Variables, X
Annual International Conference of the Union of
Mechanics of Georgia, pp. 75, 88. Telavi, 2019

Also, the main provisions were discussed at the meetings of
Akaki Tsereteli State University, Department of Energy and
Telecommunications and Department of Mechanics and
Mechanical Engineering in 2017-2018.

Publications
There are 4 papers published around the dissertation topic,
including two in international peer-reviewed journals:

1. Use of genetic algorithms to solve multi-variable
optimization problem, Akaki Tsereteli State University
Press “Moambe”, 2018, N1 (11), pp. 229-237.

2. Geometry of body movement in the IMRT
optimization problem, Akaki Tsereteli State University
Press “Moambe”, 2019, N2 (14), pp. 176-182.

3. Application of Genetic Algorithm in Common
Optimization Problems, International Annals of
Science, Volume8, Issuel, pp. 17-21, Jul 2019, DOL
https://doi.org/10.21467/ias.8.1.17-21

4. Application of genetic algorithm to solve BAO
problem, International Journal of Latest Research in
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Engineering and Technology, Volume 6, Issue 5, pp. 01-
05, 2020. ISSN: 2454-503, PIF - 3.108

Volume and Structure of Dissertation

The proposed work comprises 116 printed pages, which
includes an introduction, 4 chapters, conclusions and
recommendations, a list of used literature and appendices. The first
chapter is devoted to an overview of existing optimization methods,
a critical assessment based on examples, and a definition of the main
research goal. Chapters 2 and 3 are devoted to creating a
mathematical model and optimization algorithm, respectively, and
Chapter 3 also provides the results of numerical calculations
performed to test the algorithm's performance. Chapter 4 is devoted
to experimental testing of the obtained model and optimization
algorithm on real examples. Recommendations and conclusions are
presented at the end of the paper. The appendices show the
dosimetric data of several plans created during the software tests.

Brief content of dissertation

The first chapter provides an overview of the optimization methods
used in engineering. The relevance of the research topic is
presented and the scientific works created around the problem are
discussed. Examples of engineering optimization problems include
the optimization of the vehicle long-wheelbase chassis by the finite
element method, the solid body modeling program CATIA, and the
simulation and analysis program ANSYS. The problem of
optimizing Belgium's energy distribution network using the
heuristic algorithm (ACO - Ant Colony Optimization Algorithm)
was also discussed, where it is shown how effective the heuristic
approaches are for large-scale search tasks.
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The objectives of optimization in modern medical engineering, in
particular, in the direction of radiation therapy, are briefly
discussed. The importance, complexity, and approaches to selecting
optimal angles when irradiating with the IMRT (Intensity
Modulated Radiation Therapy) technique are shown. In particular,
the selection of irradiation angles by simplex and gradient descend
methods is discussed, showing the pros and cons of each. Examples
of simulated annealing and evolutionary algorithms are discussed.
Based on the reviewed material, main goals and objectives of
research was defined.

The second chapter contains overview of the mathematical models
for selecting irradiation angles, basic definitions around the topic,
and methods for evaluating the quality indicators of treatment
plans. Flexible optimization function was selected:

min fw) = > pufu(w)

cp < cp(w) < ¥
0<w

Where f(w) is a main minimization function, consisting of the
individual components fn(w) multiplied by relative weight Pn. c}
and ¢} represent upper and lower boundaries of Ck(w) function.
Following penalty functions were selected for experimental use:
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where: di- dose value in voxel 1

d — prescribed dose

d — actual dose in voxel

S - structure

Ns- number of voxels in structure S
6 (x) - Heaviside function

The geometry of irradiated body is also discussed. A rotation matrix
has been developed that will allow us to determine the location of
any point in the body relative to the irradiation machine moving
around the patient. Also, a mathematical apparatus for the
exclusion of obviously unusable fields is presented.

The third chapter describes the results of software development
and early testing to evaluate the algorithm of our choice. Genetic
algorithm has been selected for use in the research process, the
main advantage of which compared to the alternatives is the
mutation mechanism, which excludes the possibility of sticking to
the local minimum. The algorithm was implemented on the basis
of the open source treatment planning software MatRad, which
includes all the basic libraries necessary to calculate the dose
distribution obtained by selected irradiation angles and to process
the results. The MATLAB programming language was used to write
the software.

Three clinical cases of brain, lung and skin tumors were selected for
the experimental evaluation of developed software. Each case was
optimized using both our approach and one commonly used
commercial software. In all three cases the genetic algorithm gave
us a better dose distribution compared to the competitor. Pre-
selected quality indicators are also satisfactory for all three cases.
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The fourth chapter is fully devoted to the experimental testing of
the developed optimization method. In particular, calculations
were performed for 3 clinical brain cancer cases, 3 lung cancer
cases, and 3 clinical cases of lymphoma. For comparison purposes,
optimization for the same patients was performed using an
alternative, clinically proven computational method. Basic
optimization parameters and constraints were kept same for both
methods. In each case, the genetic algorithm showed better results
compared to the alternative, deterministic method (Fig. 1,2) (Table
1). The calculations revealed that the mutation parameter is
working efficiently and does not allow the algorithm to stick to the
local minimum, which is a serious problem for the alternative
deterministic method. It should be noted that in 3 cases the genetic
algorithm used less fields than the competitor to get optimal results,
which obviously is a positive indicator.

Fig. 3 Location of target tissue (Red)
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Genetic Varian

Fig. 4 Alignment of fields around the patient given by Genetic and Deterministic (Varian)
algorithms

Table 2. Dosimetric results of optimizations

Organs at Risk Dose Actual Dose Actual Dose

Constraint (Genetic) (Varian)

Lungs (Bilateral) Mean <23 Gy | Mean=3.2Gy | Mean=3.5 Gy

V20 < 35% V20 = 10% V20 =10.1%
Heart V45 < 67% N/A N/A
V60 < 33% N/A N/A

Spinal Cord Max < 50 Gy Max =7.3 Gy Max =10.9 Gy
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Results and Conclusions

Theoretical and experimental research shows the strengths and

weaknesses of the proposed optimization method. The results of the

study can be summarized in a few key points:

1.

A mathematical model tailored to the task set in the
paper has been selected and the optimal combination of
penalty parameters to be included in the minimization
function has been proposed.

An adapted version of the genetic algorithm has been
developed for the task of selecting the optimal
irradiation parameters.

Considering the selected model and algorithm the
software has been developed in MATLAB
programming language.

Experimental testing of the developed system showed
acceptable clinical results in all the cases discussed.
Among them, an average of 7% improvement
(compared to Varian's optimization software) in lung
doses, 67% improvement in eye (orbit) doses, 126.5%,
and 143% improvement in lens and pituitary doses,

respectively.
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The mutation parameter provided in the genetic
algorithm has effectively prevented the local minima
entrapment in every discussed case.

Optimization time was reduced by an average of 10
times using 12 parallel calculation threads, compared
to single threaded calculations.



