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Reinforcement Learning-Based Multi-Ship Course Search Method with Advanced
Action Representation
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It is important to pre-select safe and efficient courses for complex
collision situations where even actual navigators are at a loss to make a decision, and to get
useful knowledge from the process of the course selection. We have developed multi-agent
reinforcement learning system (MARLS) to search ships™ courses and have worked to improve its value
as maritime traffic assessment tools. In this research, we have improved the learning efficiency of
MARLS by upgrading the agent"s behavior representation from the primitive representation of rudder
angle to the advanced representation using target courses corresponding to avoidance, course
recovery, and course maintenance. Furthermore, noting that the navigation rules do not clearly
define when to start avoiding another ship, we have implemented a function in MARLS to clarify the
avoidance starting points.
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Fig.1 Crossing situation and NR. Fig.2 Definition of target courses for crossing situation.
Table 1 Learning and course efficiency in BM and TM.
Nsir [ Neps Ns | Neer | Lave(m) | Linin(m) | Linax(m)
BM 30 | 36883 | 12873 29 | 29141 | 28718 | 29780
™ 29 25535 2204 | 29 | 27653 | 27508 | 28026
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(a) B-MARLS (L=29162[m]) (b) TC-MARLS(L=27656[m])
Fig.3 Test problem. Fig.4 Typical obtained courses in B-MARLS and TC-MARLS.
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Fig.5 Definition of original C-area and extended C-area. Fig.6 Prediction of entry into extended C-area.

(b) Extended C-area (a) Prediction 1 (b) Prediction 2
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Table 2 Learning and course efficiency in TM¢; and TMyg.

Nsir| Neps | Ns | Nger | Lave(m) | Linin(m) | Linax(m)
TM¢y 29 (412161218 | 29 26953 | 26866 | 27162
TMysm | 30 | 24819 | 881 30 26966 | 26940 [ 26989

N ] Gy Gs Spfe

(a) TM¢; (L=26965m) (b) TMysm (L=26965m)
Fig.7 Typical obtained courses in TM¢; and TMygy.
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