CTRER A4 S FR, htps://doi.org/10.13374/j.issn2095-9389.2024.01.12.001  ©Jb LR K2 2024

(TREREFRD B

RIUT ARG HEIEHIARER

BoseD, & BN kE R, L gD

gl

1) ERARHE R AR, 65 100083 2) Tk AR AL BE I E A S E, b5 100083
D4 JA{E1EH, E-mail: liqing@ies.ustb.edu.cn

W OE ENERM. SRCRAAIES TR, RETARGHES. ., EEEERH T, SRR RS S
FHIRETT, AR FEERA S SR ARG I EOAR GRS %, ASCREE T [E A SMER Y R 08 & 1HEZ)
PO, AT FHEANRGEZEM . BT RAS =7 ISR IR, ARACBEF AR TN R H
HARZ =1t RS, 2R T S TE N RGO P HIE — S0k UL IRER . K- DR 38 15 25445 DY J7 TH
MR . Hd, BT B ERERAFAE BRI EIS R T E R v AT XA, — B MR RS A
SEREE SR A 3 B A R DY T R BREE AT T SRR IR s AR, SANCH IR R T R G
AR HIESE R R, ISR AARSG AR, 18 T HAE 2 A Al Bzt . AT 5 VI il Mg oE (5 T
FoE PSS =07 TH B TG R BRI . Jm, SRa TN RGN R G PR IR A LR Rk, e T HAER
FERRAL SR AT AR AWLAS BRI B 6 2 = 7 T 1) R A

XHEE RMEANRG: hEEEE) BEE; 5K HEAREM

NES V249.1

Research progress for cooperative control of heterogeneous unmanned

systems

GUO Xing", LI Qing'? ™, YAO Qijial? , LU Xiao-ya")

1) School of Automation and Electrical Enginéeringy University of Science and Technology Beijing, Beijing 100083, China

2) Key Laboratory of Knowledge Autemation for Industrial Processes (Ministry of Education), Beijing 100083, China

P4 Corresponding author, E-mail?/liging@iescustb.edu.cn

ABSTRACT In receént years) the development of artificial intelligence and control theory has endowed unmanned
systems with remarkable” capabilities, such as autonomy, self-learning, and scalability. These advancements are steering
unmanned systems,towardsysmore distributed and collaborative operational modes. However, the requirements for complex,
diverse and stéreosopicsmissions pose great challenges to unmanned systems. To address such issues, the cross-domain
benefits across 4ir, land, and maritime environments of heterogeneous unmanned systems (HUS) offer effective solutions.
The cross-domain collaboration of HUS not only amplifies capabilities of a single system, but also furnishes a technological
foundation for future cooperative operations and smart living scenarios. Firstly, this paper provides a comprehensive review
of the promotional literature on cross-domain collaboration from both domestic and international perspectives. At the same
time, the practical engineering applications of HUS in military, scientific research, and civilian fields are introduced.
Currently, technological progress has been notably spurred by military powers, particularly the United States, the United

Kingdom, and France. Although China's development is in a nascent exploratory phase, it has made significant strides in
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theoretical and technological research. Secondly, the research for cross-domain collaboration of HUS involves sophisticated
theoretical frameworks and interdisciplinary integration. This paper elaborates on the latest research progress for
collaborative control of HUS from four aspects: consensus, trajectory tracking, formation-containment, and diverse
communication scenarios. Specifically, considering the difference between the theoretical nature of upper level control and
the feasibility of lower level control in terms of consensus and trajectory tracking, further research progress on trajectory
tracking methods is divided into four aspects: sliding mode control, adaptive control, backstepping control, and adaptive
dynamic programming. Each control method has its unique merits, limitations, and applicable scenarios. Thirdly, despite rich
research results in the cooperative control of HUS, numerous challenges remain in dealing with unknown and complex
environments. This paper summarizes previous relevant work and underscores the technical challenges across three aspects:
the conflict between multiple constraints and real-time task performance, the multi-task switching control problem, and the
control stability problem under cross-domain communication. Concrete examples are cited to elucidate the difficulties of
collaborative control for HUS. Finally, according to the current research status and practical needs 0f collaborative control of
HUS, the future development directions will focus on three aspects: deep reinforcement learning.and distributed games,
human-machine interaction, and anti-swarm intelligence. In summary, the broad applicability and ‘strategic importance of
collaborative control of HUS have attracted the attention of leading military powers, selidifying|its status as a pivotal area of

technological innovation.
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Fig.1 Concept diagram of heterogeneous unmanned system operations
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Table 1 Cross-domain projects for heterogeneous unmanned systems both domestically and internationally
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Fig.2 Engineering application of heterogeneous unmanned systems in research institutes: (a) Sapienza
University of Rome; (b) Nanyang Technological University; (c) Beihang University; (d) Huazhong University of
Science and Technology; (¢) Northwestern Polytechnical University
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