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Fuzzy Satisfactory Reinforcement Learning Method of Unmanned
Surface Vessels for Multi-Target Collaborative Search

Hu Chaofang, Zhu Qi

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract: Unmanned surface vessels (USVs) were widely used in various complex environments to perform marine
tasks because of their high efficiency, low cost, and strong anti risk characteristics. Addressing the multi-target collabo-
rative search problem of USVs in unknown environments, an improved reinforcement learning method based on fuzzy
satisfactory multi-objective optimization and dual-experience playback pools was proposed. First, a two-dimensional
grid environment map, including the two information indicators of environmental awareness and target existence prob-
ability, was constructed. Second, aiming at low training efficiency of random sampling data in a single experience
playback pool, two experience playback pools were used to classify and store data. To improve the initial training speed
and lateral stability, the data were recalled according to time-varying proportions to improve the training. In addition, to
realize the fast search of targets while ensuring the coverage of the search area and safe collision avoidance between
USVs, the three reward functions of target existence probability variation, environmental search coverage, and USV
distribution distance were proposed. To meet the importance level requirements of these three reward functions, a fuzzy
multi-objective optimization method based on relaxed priority satisfaction was used to remodel the reward function and

an improved fuzzy satisfaction dueling double deep Q-network (D3QN) algorithm was formed. Finally, the effective-
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ness of the proposed algorithm and its applicability to different numbers of target search tasks were verified by simula-

tion. The algorithm was proven to meet the design requirements. Simultaneously, considering the impact of the actual

bottom-level control errors of USVs on the top-level search algorithm, the proposed fuzzy satisfactory reinforcement

learning algorithm was taken as the top-level planning and combined with the bottom-level linear active disturbance re-

jection control. The application of multi-target collaborative search was verified by simulation and compared with other

reinforcement learning methods. The results show that the proposed algorithm can not only realize a fast and effective

search for multiple unknown targets in the environment but also effectively adapt to the case with the presence of actual

control errors. In addition, the proposed algorithm is superior to the comparison algorithm in terms of search speed,

environmental search coverage, and USV distribution.

Keywords: unmanned surface vessel (USV) ; collaborative search; reinforcement learning; fuzzy satisfactory op-

timization; linear active disturbance rejection control
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Fig.6 Curves of reward function
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HT T J0 A R S 4D T ) 3 R A 1 i 1)
1, BT LA ZE ) 3 A TC A i) A 42 ol e R B 42 o)
MhZeanE 8 Fin. 45 RFRIEM RS FE T, T AT
PLSEEAR A2 A IR s .

(2) Y5t 2: HAREE R F IR AN

PSP AATE S HARIE RIS, |/ 9 K
DS AL B , 2160 | S T h 2843 )
KR 3 AR A USVI,USV2,USV3 AL,
45 R JC A AE A KON 48 IS T i HARAY
R, e — MR AW BAsWs sS4 (7, 11).

— LR S A
5¢ — BRI A i
-g OTIV\/\A_/\N\
&
-10 F
-15 e
1 3 5 7 9 11 13 15 17 19 21
U
(a) USVI1
10
— W 1 A
51 — SEB A 1] Sy
-‘E OT’\/\/\——\A/\/\
&
f% -5
-10
15 Ly
1 3 5 7 9 11 13 15 17 19 21
U
(b) USV2
10
— A1 A
51 — S A
o
£ ot
&
-10 F
-15 A
1 3 5 7 9 11 13 15 17 19 21
WA K
(¢) USV3

8 = 1AEE AR (V,=2)

Fig.8 Yaw angle control curves in scenario 1 (N,=2 )
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