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Abstract: This paper aims to systematically review the research progress in cooperative technologies for
sea-air heterogeneous multi-agent systems, clarify their core cooperative paradigms, and reveal the
systemic challenges arising from the tight coupling of the “perception, decision-making, and control” full
chain. Adopting a system-level functional perspective, the research analyzes the full-chain challenges
induced by scale effects and heterogeneity effects, such as system scalability, dynamic matching, and
overall robustness. Subsequently, it conducts a review and comparative analysis of the mainstream
methods for five key technologies underpinning system cooperation—multi-source data fusion,
communication networks, task allocation, path planning, and formation control, evaluating their
advantages, limitations, and applicable scenarios. Analysis indicates that while such systems show
significant potential in tasks like maritime search and rescue and wide-area inspection, their transition to
practical engineering applications remains constrained by bottlenecks such as cross-platform integration
difficulties, insufficient adaptability to dynamic environments, and a lack of testing and evaluation
frameworks. Future efforts should focus on making sustained breakthroughs in areas such as full-chain
cooperative theory modeling, lightweight intelligent algorithms, and standardized engineering
architectures, while also exploring new cross-domain cooperative paradigms, to promote the development
of marine-aerial heterogeneous multi-agent systems towards greater intelligence, enhanced robustness, and
broader application.

Highlights:

1. Shifting from the analysis of isolated technical points to a full-chain coupling perspective of “perception,
decision-making, and control”, this work systematically elaborates the core concepts and inherent
challenges of cooperation in heterogeneous multi-agent systems.

2. It delves into the root scientific problems that complicate system coordination from the two dimensions of
“scale effects” and “heterogeneity effects”.

3. While summarizing typical application scenarios, it clearly identifies the core gaps that must be bridged
in the transition from “laboratory prototypes” to “engineered products™ and points out explicit directions for
future research.

Key words: heterogeneous multi-agent systems; cooperative mechanisms; cooperative paradigm; sea-air

coordination; full-chain challenge

Foundation items: Joint Fund of Zhejiang Provincial Natural Science Foundation of China (No. ZJIMD25D050002), National Natural
Science Foundation of China (Nos. U23B2061,62033010), and Qing Lan Project of Jiangsu Province of China (No. R2023Q07).
Received:2025-11-11;Revised : 2026-01-02

*Corresponding author, E-mail: quanboge@163.com.



ISSN 1004-9037, CODEN SCYCE4 http:// sjcj. nuaa. edu. cn
Journal of Data Acquisition and Processing Vol. 41,No. 1,Jan. 2026, pp. 2—27 E-mail:sjcj@nuaa. edu. cn
DOI:10. 16337/j. 1004-9037. 2026. 01. 002 Tel/Fax: +86-025-84892742

BERND E RS BRENFERARGR
BRE 2 N BREL B ORY A ORY, BRE

(1. M s B TR RS H shfb2# B, Mt 21004452, RIS 53 & AR DMREQUHT o0, B AT 21004453, TTIR R AL
EAMSERASEA B ES LK S, Mot 210044 ;4. I KBIEOF5EBE, WY 518038;5. VLH A & Z k4 |
T MRE M E, WAt 21004456, M a3 E B AR RO A R A E, B At 210014 ;7. BB KRG %BE, LI
201804)

H B ALGEAGABRETZFMEFRAARALYRARRGHA LR AHLZSHREX,HFBF
CR AR R IR ARG BB LITI ARG AR, TR T ENREBIRAABL RN T G
B FMEBITFRGRAYT B A FERE EREHES A RIE %R, LR
R85 FsEH R %R B R GBS WL S B S ARILR] G SRR 69 R 7 sk AT 4
BRESFSH ,FERARFBERAT T, SWMEAN, ZEAARES LB T BESFESTHARE,
MEEERIAEL A ZH THETSERBAE FAREE DM R o0 X IF4E R R Bk 53 K
H, ARFRETAHMXKWFAELER BEUFRLZIARENIREANF I OFSE T8, FER
BB R HEX ARG ETFHEERRAAAES TR I REEFI S ERG T ORI,
KB : FHEFRARRLE; HRIG ;W REX ;& TR ;285

RESES.: VI MERFRER A

S| BRI, YL RRT,F BS T2 R RIA SEERI R AR LR[T] B R AE S b, 2026,41(1) 1 2-

27. GE Quanbo, LI Kai, LU Zhenyu, et al. A survey on full-chain cooperative technology for sea-air heterogeneous

multi-agent systems[ J].Journal of Data Acquisition and Processing,2026,41(1) :2-27.

51

[l

THEHL GEAE 5 ol A4 il 48 G180 28 B 1F 4 30 T8 N 3R G0 0 R DACBRL B R 1) B A D ) 9 91 2 AR
L OV BRI A R e AR AT R SR R AT RE L SR, DA B VE I U b A8 R B v
BEUEH AR | 1 e M ER— V- & BN B[R] AL A 04 1 b A5 7R SR ] e SR R 5 AT 55 3 I 1k T
TET Iy [ A7 R 250« B — - 5 i LA [ o S OV 5 31 PR 5 P00 NS 52, [R) g 2R 0 ik = 07 X 02 23 4 55 110 22 S 1L g
B T RT ,ES 2 028 681K R 4t (Heterogeneous multi-agent system, HMAS) i iz T 4 , ‘& i
UK S| RS W AR IS | R Koo = T SO M N7 e = o vk NN o) N K (| A s R
F G A% OB 2 ) TR T A0y S 90 49 B 2 ) S 4 20 2857 5 5505 22 Ta) 48 B A 12 22 ) 1) 552 1) PA) 34 22
AN ER ANEEEs N NES G R HE2 B oI R R S i o 1 M S e 7 N i B2 5 S N LN i D 301 P e ey
Je 25 B LI A I I e SR A IS A SR s ) SC B , T I [ 2 o ) e S RS o A B ERAT Y R

M, 2R PG Tl S S8 25 U R © R IF ) i IR AH AT WF 58 2 5005 46 vh 6 5 — 3R 95 i 1k
SEARAY B 2 R A B P HE S, R0 R FH AR AR I T R R L ke SR s o A Sk R Xk ST Y
T RGEHAT T PR R BN R G A TR 2048 7 J2 DR R BE Bl SR G I 7 A 0 R e M PR R . 7R LY

HEEWE - #LA AR 34 (ZIMD25D050002) ; 8 [ AR} 24 3L 4:(U23B2061,62033010); VL7548 1 i T3 H ( R2023Q07).
s B #3:2025-11-11;481T H#1:2026-01-02



Bk 5. 52N ERKLER D RAHREZE 3

ST IR TR AR 1 5N TR RE B0 TOUZ M ) S 2 AR e e BT A L I 0 R T 1] o OB — AR T
BRE ALK BRI BE T S A P T8 D S B T, (O LR ATl R Sl )t P A 5
A HE B HL A AT O [ VRl ™ o dox S et A Y I ] S ) R WD R RE AR R A i FELC TE A T FLAL
PERE % 1] 52 L 2 8 RE ST BRI DR O A o A 2R T O TR B LS S PRl R GEIR R W R I
RS 5 4 ) A R RS P [ BE T3 A T a0 B A AL A L e 20T AR G A AT Al B — )R T A ST
G HRME LA S 4K Ry 7 58 B R AT S5 BE <

PRI, 2 8 P 48 7 S R -BRe SR 42 ) 7 4 i 5 0 ) B A FE ML, ) ROA SR 5 HMIA'S 1 RE Jf 351
(0 S HE T AE o AR TR TR A AT 58 1 JRE AT R ST < 15 5, 6 0 1) ) e b TR S R F) e 36 15 1 ) 4%
il 3 A T2 AR A% Bl 5 I ST AT 5 2R T, DR AR N 5 S5 A A A A 0 A 4 i
e B 3 T | A ) 2R G PR, 48 7% SR 8 e o] 24 R PR SBCRE 5 T R A L, A 28 B[] B S T 22 R AR AR
Bl A P 465 A 55 2 TG | AR MR LA % g BA A S B R TR R 5 B B S B L AT 24 T R A S B
Y5 vp BT MR, O Jre SRR R SR A, LA Ay ) A e 2 T A 9 2 0 () R AR T 4 L A T A B R
2% 5951 .
1 R E e EgiE

Bl 4 55 3185 52 2R A S5 48 55 W SR Z2 o0 Ak, A& 50 H 3 RE A A% ¢ /N MILASE () ) 228 B Ak 2 G A I3 X R
T m 3l 2 B bR R A I 5 I IR Bk AL . (R BT SR T HMAS 38 i 8 5 A RS AE ) 12 8)
Rtk 5 DI RE L K AR REMACT- £, A Sk 2 B EL b | DR IR] A9 oMb P 280 B R L AR A, O SR BRI R AR 55
PAT SR AT B R AR o AR AR GE NI 5 B R 2 e IR AT HMAS 8T S R A R 4E
R A H 48 78 AR R 2 2 55 i O AR 1 . AT 55 S 5 1 1B

[ { K TR
= m’ﬁuﬂ(ﬁﬂiﬁ;% i%@ﬂ — j ‘

>/ (5 EiE(E

i

S =l

5 A e
TABAR TR EABOEE © pmpemmr | A
CFUE) e Wy (Sfan) G HREREE L Chng)

T NTEA AT Zhi AS il DR 5 L BUE A
B St 28 RE A b 1) 37

Fig.1 Heterogeneous multi-agent collaboration scenario
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Fig.2 Organizational structure of the paper
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Fig.7 Multi-source data fusion process
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Table 1 Advantages and disadvantages of mainstream multi-source data fusion and their suitable scenarios
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Table 2 Advantages and disadvantages of mainstream communication networks and their suitable scenarios
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Fig.9 Task allocation process
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Table 3 Advantages and disadvantages of mainstream task allocation methods and their suitable scenarios
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Table 4 Advantages and disadvantages of mainstream path planning methods and their suitable scenarios
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Table 5 Advantages and disadvantages of mainstream formation control methods and their suitable scenarios
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