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Fig.1 Heterogeneous multi-agent collaboration scenario



4 R E B L Journal of Data Acquisition and Processing Vol. 41, No. 1, 2026

HMAS J& th 75 21 BE 7P | 3l Jg 2 5 A0 K SRR -phe 508 42 ol BE ) b A 7 I 35 2 S ) 28 R M A 2 14 3 1)
ARG HAZO NIRRTl i 5 B 65 18] A TR BE AR B S B S AT 55 bR S B —F &5l (R 4 R G X L 52
Y AT 55 FAR, I EE AT 2 K LR . ZARGA RS EF AR R4S, MRS EA S

AE AR, HA s R BAKE BB R S8 . A WFST 158 HMAS By BRI AL, 2B 0 T 3 %030
2 RO 1 T 0 22 U8 S b R S I S 5 R G — T AR AR PR BT IA N B T R G A
PRI 1) SRR RE 1 5 78 DR B2 T, MR FE S M OF 15 09 22 S AL BE ) E AT B AT 55 0 FiC A5 P R) R R 52 B AR S e
DR 2 e 0P I B A 2 o )22 1, 3 i 5 S A B IO AT O 5 s sl R, R 22 S A Bl ) s AR 0 0 AR
GERARH) RIEVE S AT BB E . X 3FRE AU L OCHR VR 2 b 2t SRR T HMAS 52 3 05 R) 2 E A4
B FE A5 I BRAE SN

1T Xk BRACAT: 55 37 55 A 25 [ 9 P B 58 8 25 1k AT 55 52 2% B2 O T Y S 3 B L AR S TRk 2 3 RE A &R
G5 /MR E R J7 28 H g B B LR IRYE . R R GE i T 7 65 D BE SR — 3 LR X AT 55 75 5K 1) 2 B
P s /B 28 G0 ) DR B AT R, Gk AT 08 i RV L 3 5 . HELZ T HMAS i 52 501 6 19
PRIAD 5 34 75 T Ji B DL B AR R GEY AL TS T, HMAS RE 8 AR I8 AT 55 7 5K 58 15 e AN [R] 2 L Y
BRER 8 D R B A 2L 3 1 AR A AT 55 R OR B T ARG AR SR LY R I B B0 R RE R
TEAT 55 18 1R 7 T, S R 65 00 B BE B AN R PR (0 A 2R 8 E 08 () I Sife U BB 5 SORS A ERAE L e AHL
50 A B P R S BT v S T K T ) S O A, B BT T R GAE S R IR BT T BT 55 58 U
W TE R G E DT, HMAS R S BETCA BT 0 £/ 1 245 30 23 35 i R 30T, R e 75 B a3 A 55 ¥ 23 i
YERFREAIBATRE S, KORHG O T R G HEIE . X SE L3l 15 HMAS BES A R WL 52 U3 [R) 7 2 19 )y

S I I L T I P T
2 Y S HR AL T Ay T AR A BOR fifp k7
m z& R

ESE ¥ 2 HMASE’J@/UHﬂV'ﬁ
THER, LRER TS WER, RS =~ LD m
0 BB G B 5 S A R I O | W,ﬂ |
I3 1) £ TR 5 B 0 . SR 3 5k — P

A — B AR — Y 2 R A5 5 2

+ F_Lj
(zwsdrms) (Esamgenk) %&#% )

WS <E SN
254
|$$%¥E§F{%%ﬁ%|ﬁ%ﬁ@$$@|

BB M2 B2 3 X bl oL C AR AT X )
I 4 BT 4 b B A A I 5 2 Y R 5 2 9 o g )
s 55 55 VIR BUAT R B TR R 0 C) rsm
+ A 5 A
TEOL 5 56 49 454 SEPhniie B 5 o 5 T N

FELHMER . AL BIERG MM HMAS
1 3RS R 5 S O 590, O 1% S A 5T
RS AXNEHLR A2
JiR .

2 TR E RN - RR-IEHER S

T 25 B8 38 P, TE N HLS TE N S5 A LA X RS 2 WL AR SO 6 S A0 D TR A A B 2 e
b [ 0 A T 52 B TR - SR o) 4 i B PR IR E A o O AR G e P TR AL, AR Sk T ) E S
IR Ny 326 ¢ 5 e A 58— 25 4 Bt ) S8R DR [R] , 5 A i DG AT 55 ML R 45 9103 1) ke SR BRI LA
Lo 5 22 %8 RE AR O 0 — Bis S i 0 P IR o BT AR T3 SR A B AR S R AR T R SRR TR RE A
PS

[ 2 RSN ARSI

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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Fig.11 Formation control process
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Table 5 Advantages and disadvantages of mainstream formation control methods and their suitable scenarios
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A Survey on Full-Chain Cooperative Technology for Sea-Air Heterogeneous Multi -

agent Systems
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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
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