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Autonomous cooperative decision-making for UAVs-USYV system driven by
distributed reinforcement learning
CUI Zhewen GUAN Wei ZHANG Xianku

(Navigation College, Dalian Maritime University, Dalian 116026, Liaoning China)

Abstract Aiming at the problem that the heterogeneous unmanned aerial vehicle (UAVs)-unmanned surface vehicle (USV) system
is difficult to simultaneously achieve autonomous obstacle avoidance and stable cooperative formation in complex dynamic marine
environments, a distributed reinforcement learning-based autonomous cooperative decision-making method for UAVs-USV was
proposed. Considering the differences in motion characteristics, task objectives, and environmental perception capabilities of
heterogeneous systems, the cooperative decision-making task was decoupled into a USV autonomous navigation subsystem and a
UAVs formation cooperation subsystem, which were trained by the proximal policy optimization (PPO) algorithm and the multi-
agent deep deterministic policy gradient (MADDPG) algorithm, respectively, to achieve the collaborative optimization of local
autonomous obstacle avoidance and global cooperative control. Furthermore, a multimodal neural network integrating visual
information and state information was constructed. Meanwhile, a reward constraint mechanism based on the reciprocal velocity
obstacle (RVO) was introduced to improve cooperative collision avoidance and formation stability. Finally, simulation and
comparative experiments were conducted to verify that the proposed method can effectively achieve USV autonomous obstacle
avoidance, stable UAVs formation, and heterogeneous cooperative decision-making in complex dynamic environments, with high
cooperative accuracy , dynamic obstacle avoidance capability,and generalization performance.
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myr, = f.(v,) t 1, +d,,;
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0! (ola,|a,|-++|ay) N5 i & HE K Critic W 2% #4524
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A L ARERERE: L, NIERRE, #HHE
FETT IMAERVO M RHEN A 1, B0 viAH
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SR RGP 5 0 A R R B [FUAS P 5 R0
4.1.1 USV HEMUAT LRGSR 5 50 Hr

USV H F W47 Il 25 LA F 3 2 i i S5cRe M 4B
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(a) UAVZii A iy [5] 1357 2 il ity 2%

£ 80r

TH\H L

?é 40+

' |

0 L L
(b) UAVZw B\ iR 22 i 2%

§

0

ok

i=3

=

0 1 2 3 4 5
YIGrEe R/ 103
(c) UAVs-USV P[RR ZE 1 2%
—— MADDPGH%: —— MAACH
—— MAPPOH%; —— Q-MIXHVE.

8 UAVs-USV % BA B [F] Il 45 45



510

T, 2. o maemih 2 S WS UAVs-USV B 3 b A vk 5 * 87

G P\ R 22 45 1) 7 TH 35 AR I A AR

ZAE RS AR RS RS 5 U E
PEAL B R HEZE 25 DIAH 5< . USV | PPO Tl Il 4k H: 7
P IR B R4 SR s ] 7, 36 UAVs YIZRI R 3A 55 30
AT ZRIE T USV HLZE M AE SR AR 4k, A 2%
Pk 2 & e ik 5 ) SR B AR AR PR . 7R I BE A
I, MADDPG ] Critic % 4% 1] [ i} 3% HU BT 5 UAV's
PR S SEAE B, {3 SR WS 5007 50 i A F T2
A5 P[RR 22 B S ik . #HEE 2R, MAPPO
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USV based on ATL-TD3 algorithm[J]. Ocean Engineer-
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