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Abstract. Radiotherapy is crucial for treating tumors, but achieving effectiveness while minimizing
damage to surrounding healthy tissue presents significant challenges. In this research, we present novel
methods for automatically selecting a proper set of parameters to address these two opposing criteria:
achieving maximum radiation homogeneity and minimizing exposure to organs-at-risk (OARs). Our re-
search is based on the FOTELP-VOX program (author R.Ilić), a Monte Carlo technique that determines
electron dose distribution in voxel-based transport simulations utilizing patient anatomy obtained from
CT images.

Researchers utilize simulations to test various scenarios in radiation therapy to mitigate poten-
tial health consequences for patients. Finding the optimal scenario for each patient is crucial yet time-
consuming, often relying on a manual trial-and-error approach with loose guidelines. This type of problem
is well-recognized and falls within the class of optimization problems such as the traveling salesman and
scheduling.

We enhance the current methodology using standard optimization techniques like random search, as
well as advanced techniques including Bayesian optimization (BO) and genetic algorithms (GA). Our goal
is to efficiently search the parameter space to find the closest solution to the existing AAA electron dose
calculation model.

Keywords: Voxel-based simulations; evolutionary optimization; Bayesian optimization; Monte Carlo
techniques

References

[1] B. Li, B. Hou, W. Yu, X. Lu, C. Yang. Applications of artificial intelligence in intelligent manufac-
turing: a review. Front Inf Technol Electron Eng., 2017, 18, 86-96.

[2] F. Tao, Q. Qi, A. Liu, A. Kusiak. Data-driven smart manufacturing. Journal of Manufacturing Systems,
2018, 48, 157-169.

120 www.smak15.matf.bg.ac.rs



XV Srpski matematiqki kongres, Beograd, Srbija

[3] J. Liu, H. Xiao, J. Fan, W. Hu, Y Yang, P. Dong, L. Xing, J. Cai. An overview of artificial intelligence
in medical physics and radiation oncology. Journal of the National Cancer Center, 2023, 3, 3, 211-221.

[4] R. Ilić, V. Spasić-Jokić, P. Belicev, M. Dragović. The Monte Carlo SRNA-VOX Code for 3-D Proton
Dose Distribution in Voxelized Geometry Using CT Data. Physics in Medicine and Biology, 2005, 50,
5, 1011-1017.

[5] R. Ilić. Proton Therapy Monte Carlo SRNA-VOX code. Nuclear Technology and Radiation Protection,
2012, 27, 4, 355-367.

[6] J. Bergstra, R. Bardenet, Y. Bengio, B. Kegl. Algorithms for Hyper-Parameter Optimization. In:
Advances in Neural Information Processing Systems, 2011, 24

[7] S. Watanabe. Tree-Structured Parzen Estimator: Understanding Its Algorithm Components and Their
Roles for Better Empirical Performance. Technical report, arXiv 2304.11127, 2023.

[8] K. Deb Multi-objective optimization using evolutionary algorithms. JohnWiley&Sons 2001, 16.
[9] M. Ivanovic, V. Simic, B. Stojanovic, A. Kaplarevic-Malisic, B. Marovic. Elastic grid resource pro-

visioning with WoBinGO: A parallel framework for genetic algorithm based optimization. Future
Generation Computer Systems 2015, 42, 44-54.

[10] J. Sievinen, W. Ulmer, W. Kaissl. AAA photon dose calculation model in Eclipse. Palo Alto (CA):
Varian Medical Systems 2005, 1-18.

www.smak15.matf.bg.ac.rs 121


