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Abstract: High-dose-rate (HDR) brachytherapy treatment planning problems involve determining the
dwell time schedule of a radioactive source so that target volumes are adequately covered with a sufficient
dose, while organs at risk do not receive doses exceeding clinically acceptable thresholds. This paper aims
to present a bi-objective optimization model that directly encapsulates the multi-dimensional nature of the
brachytherapy treatment planning problem into two objectives. This simplifies the decision-making pro-
cess for treatment planners when creating a clinically acceptable plan.

In this research, four multi-objective evolutionary algorithms were utilized: NSGA-II, MOEA/D, SPEA-II,
and the Grey Multi-Objective Evolutionary Algorithm (G-NSGA-II). Instead of providing a single optimal
solution, these algorithms generate a set of Pareto-optimal solutions, where no solution dominates another,
but they yield better results compared to other methods. The results indicate that the Grey Multi-Objective
Evolutionary Algorithm (G-NSGA-II) is the best multi-objective evolutionary algorithm for dose optimiza-
tion in the brachytherapy problem, both in terms of solution quality and diversity preservation, and also
due to its grey structure and the grey operators employed. It leverages the dependencies between decision
variables for efficient problem-solving. These findings demonstrate the effectiveness of this algorithm in

shortening the treatment duration and increasing the accuracy of the brachytherapy plan.
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Patient ID | NSGA-II | MOEA/D | SPEA-Il | G-NSGA-II
1 (0.001196) | (0.004102) | (0.001750) | (0.000655)*
2 (0.000929) | (0.002564) | (0.001024) | (0.000665)*
3 (0.001601) | (0.003331) | (0.000812) | (0.000331)*
4 (0.000889) | (0.007444) | (0.001528) | (0.000402)*
5 (0.000829) | (0.001978) | (0.000737) | (0.000274)*
6 (0.002493) | (0.005193) | (0.001157) | (0.000734)*
7 (0.000933) | (0.005809) | (0.000711) | (0.000506)*
8 (0.001054) | (0.012791) | (0.000955) | (0.000420)*
9 (0.000829) | (0.001978) | (0.000737) | (0.000264)*
10 (0.000933) | (0.005809) | (0.000711) | (0.000506)*
11 (0.002696) | (0.005102) | (0.001755) | (0.000666)*
12 (0.000949) | (0.002575) | (0.001046) | (0.000865)*
13 (0.001626) | (0.003331) | (0.000812) | (0.000350)*
14 (0.000889) | (0.007444) | (0.001528) | (0.000402)*
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