YoBk KMo R
Chinese Journal on Internet of Things

BFE L% APIEXBI B EX

gt AEXLL?, R, TR, g
. A DA K= RN, Ber 7922 7100725 2. W/RIE LR RZAIFENEI S EAR SR, BRI HBIRKE 150001

W OE: WEESE MR R AR MERE, BERSRA RAE S B B AYMERAT, TEE AT
5e Hp e L RN AR ) 2 PN B B . AT, A A8 AE P4 A EE Y (Internet of things, IoT) 437l BA
PRIt B AN KRR &R L O B S, MERLSCHERT “IRA-ZH-E-173)7 MR SR Gk R 5
TEFF AR P MEPATAE S . Bk, W70 LR SRR T sy ERA BRI ST 55 IR BN B X 45, 2 SETLRY
BB RANZLIT . B, HER 7R S HA RGN EERE S S OEER, IR AE W 48 A
LR, SRV FATS WS SME N ., R R LR B E R RS K, REL T BahiEE
PR 26 ORI ) K Fe v, o0 AT T HSC P R Sy R B R R R . FESRZEAS b, S0 T TR R S8R id R
SRR N4, B TR ORI R EAEE . AT AR ORI TR . B AR RIBNA R FNE R DL R SR E 3E N
BB AR D RG4S R B E . X TR 4%, M ERE SRR RGN RER f S, M T BMPMEMES SRR
PR R B R RCRE . PME BRI 23S VR AR B AN T e A L VPN Fa AR AR &R, FRII B T HESE
BRI BT HRAL T FR AR AN AT th ok R e W22 WS . AR AR TR . PSS Y R . ST 4 il A2E Ve DA R b
HEAL 5 A7, 1R ETERGR. &5, DA SR UMEIB IR SR B R BRI UME S AUV LB S g5, 4
G AW A I 7 AR ) S T8 4 R i T SRR ) B 5 8 R AT SR E SRR A Tt fg , WP IAIE | B W 6 vh
KHEH AR TAT M . Z0E I B IR N BER 2 (R T 9T 5 7L SE BRI RGN S B AE L.

KRR RO AMA RS BEEWS, SR YR TEAR

HhESES: TP393

NEkRERS: A

doi: 10.11959/j.issn.2096-3750.WLW26082

Embodied swarm-agent network: from things connection to
embodied agents collaboration

Sun Zhuo', Yu Zhiwen"?, Guo Bin', Li Yu', Yang Bo'
1. School of Computer Science, Northwestern Polytechnical University, Xi'an 710072, China
2. College of Computer Science and Technology, Harbin Engineering University, Harbin 150001, China

Abstract: As embodied intelligence evolves from individual autonomy to collective collaboration, the embodied swarm-
agent system demonstrates collective intelligence that surpasses the sum of individual capabilities through multi-agent in-
formation interaction and cooperation in complex open environments. However, existing mobile communication networks
and Internet of things (IoT), which focus on enhancing the sum rate and the number of connected IoT devices, respec-
tively, struggle to support the loop “perception-interaction-decision-action” based embodied swarm-agent system in col-
laboratively executing tasks within open physical environments. Therefore, investigating the task-driven embodied swarm-

agent network, where embodied agents serve as nodes, represents a core direction for realizing embodied swarm-agent
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systems. Firstly, the core characteristics and key technologies of embodied swarm-agent systems were presented, and their
key requirements for communication networks were extracted, including physical-world task orientation, high-value se-
mantic interaction, agile topology reconfiguration, and sensing-communication-computation-control coordination. Sec-
ondly, the development of mobile communication networks and IoT was reviewed, and their limitations in supporting em-
bodied swarm-agent systems were analyzed. On this basis, the embodied swarm-agent network was proposed to support
embodied swarm-agent systems. Its core features were defined, including semantic-driven lightweight communication,
task-centric network scheduling, self-organized dynamic topology management, and resource-adaptive coordination en-
hancement of sensing, communication, computation, and control. For the embodied swarm-agent network, from the per-
spectives of basic efficiency and adaptability, a performance evaluation system was systematically constructed, compris-
ing the collaborative task completion rate, closed-loop response latency, swarm energy efficiency, collaborative reconfigu-
ration timeliness, and performance retention rate, as well as open-scenario generalization capability. Furthermore, the
trade-offs among these metrics were clarified for practical network design and optimization. Moreover, the key challenges
were identified in five aspects: security and trustworthiness, heterogeneous agent interoperability, network scalability, real-
time control stability, and standardization. Finally, using air-ground embodied agent collaborative tracking and embodied
swarm-agent collaborative navigation as typical application scenarios, preliminary verification of the feasibility of two
key technologies was provided, such as bio-inspired air-ground low-latency communication and information bottleneck-
based embodied agent semantic communication, in the embodied swarm-agent network. This paper aims to provide a sys-
tematic reference framework for both theoretical research and industrial practice of embodied swarm-agent networks.
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