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Intelligent cooperative maneuver decision-making approach for vehicles
under strong information constraints

QIU Peihuan, NI Weilin, WU Zhigang, LIANG Haizhao

(School of Aeronautics and Astronautics, Sun Yat-sen University, Shenzhen 518107, Guangdong, China)

Abstract; To achieve the escape of a hypersonic vehicle from an interceptor in a multi-role game scenario of
“ target-interceptor-defender” , it is necessary to execute a cooperative maneuver strategy with the defender.
However, due to the limitations of the detection device, hypersonic vehicles face the problem of cooperative
maneuver decision-making with imperfect, incomplete, and intermittent strong information constraints. To address
this, this paper proposed an end-to-end cooperative maneuver decision-making approach by integrating a multi-
agent deep reinforcement learning algorithm, enabling hypersonic vehicles to make cooperative maneuver decisions
under strong information constraints and achieve successful evasion. First, the research scenario was modeled as a
decentralized partially observable Markov decision process, and an observation information sharing stacking
mechanism was proposed for the design of local observation state spaces under the strong information constraints.
Second, to address the sparse reward problem in multi-agent deep reinforcement learning, a cooperative decision-
making reward function was constructed by integrating game relationships and zero-effort miss distance, enhancing
training efficiency in complex game scenarios. Finally, a multi-agent cooperative decision-making network
architecture was designed, comprising the agent’s basic networks and the top value decomposition network. This
architecture extracted spatio-temporal trajectory features from imperfect, incomplete, and intermittent information,
enabling policy coordination among agents and cooperative maneuver decision-making for vehicles. Research results
demonstrate that hypersonic vehicles equipped with the proposed intelligent cooperative maneuver decision-making
approach can successfully evade in multi-role game scenarios under strong information constraints. The proposed
approach exhibits outstanding performance and robustness in numerical simulations, including typical game
scenarios and Monte Carlo tests.
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Fig.5 Operational block diagram of cooperative maneuver decision-making approach based on HV>D algorithm
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Tab.1 Detailed parameters of target
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Tab.2 Detailed parameters of defender and interceptor
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Fig.6 MARL algorithm learning curves
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Fig.7  Simulation results of effectiveness test when the interceptor uses the DG

4.4 HEEHEMK

SR 6 IE P i Y R i ) S R [R) ML 8l ke S5 0
e 5 B AT A P 8 AT AR IR 7 5 Ak
A, ASSCHE R AR A BEALIE , #E47 T 1 000 IR Y
SRFRIE D7 B, FFERE Qmix Bk AR Xt M4
BRI AT AR A SRR AL AR
RATET BT AR A BRI £ B S
TE—EL AL, TR S RO 4, M2 21 4n
K8 s

x4 B FBHEINZE

Tab.4 Monte Carlo simulation condition setting
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Fig.8 Monte Carlo test result in typical scenarios
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Fig.9 Robustness test results under different detection noises
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Tab.5 Initial position condition setting of interceptor
T « 7 A1V B/ km y H1J5 /1 v B/ km 2 7 A E/ km
T 2.1 50+[0.5,1.0,1.5,2.0,2.5] 55 0
TH2.2 50 55+00.1,0.2,0.3,0.4,0.5] 0
TH 2.3 50 55 0+[0.1,0.2,0.3,0.4,0.5]
TH2.4 50+[0.5,1.0,1.5,2.0,2.5] 55+[0.1,0.2,0.3,0.4,0.5] 0+[0.1,0.2,0.3,0.4,0.5]

&1 10 42 AT AR GG AL S AR 16 Y 1 000
SRRSO FAEE R i &l 10 MRS5S mT
Bl T80 A TR0 B 0 B AL S T 3 Bl AR 388 n e
PEH PSR D AR R R B R B R RE T, TE 3
ANT7 IR Rl F 2E 4 A% bR v AR b LAY T 21 5% 1
T, B CAT AR Ak i D AR SR 53K 92.3% , A
U, I 7 vk A N X 327 2 AR A T R R HIR R 7

AL E (S E - U NSRS SAT N i = o Sl iR
Btk
4.5.3  JESEEAE B SRS

SRR S £ 3 AR Ak X AL B0 P SR AR Y R
Wi, B H AR CA TR B 8 CAT 2% 99037 £ 43 il ik
hp1°,20,3°,4° 5°7 A% 25 AT, X4 T
HHT 1 000 IRSFFRIS T EIE, 45 R an &l 11 P,



Frilife, 45 A5 S 2T 0 RATa R BRI ML s RSk Uy i 21 -

WIS %

B 10 £ TRMAGT BT S S R

Fig. 10 Robustness test results of interceptor with different

initial position ranges

0.974

0975 7 0977
09777 0976
L 09747 0.969

n

R FRTE /%
=

11 ARG ARDHEHEENXER

Fig. 11 Robustness test results for different fields of view
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