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Communication and networking technologies for
unmanned aerial vehicle swarms

ZHAO Haitao' , WANG Haijun®* | CHEN Haitao' , ZHANG Yichi' , WEI Jibo'
(1. College of Electronic Science and Technology, National University of Defense Technology, Changsha 410073, China;
2. System Engineering Research Institute, Academy of Military Sciences, Beijing 100082, China)

Abstract; UAV (unmanned aerial vehicle) swarms hold broad application prospects in both military and civilian domains, and are developing
rapidly. Communication and networking technologies tailored for swarms are crucial for enabling their formation systems and synergistic
effectiveness. To this end, key technologies, research status, and development trends in UAV swarm communication and networking were
systematically reviewed. Specifically, typical application scenarios and networking requirements of UAV swarms were analyzed. Key challenges and
corresponding solutions were thoroughly discussed at the physical layer, data link layer, and network layer, respectively. Furthermore, leveraging
the cyber-physical fusion characteristics of UAV, the deep coupling effects among communication, computation, and control, along with their joint

" intent

optimization methods, were analyzed and summarized. Regarding intelligent empowerment, the intelligent architecture integrating
understanding, environment adaptation, and resource scheduling" as a trinity, alongside the latest research progress, were examined. For
engineering applications, critical issues such as high-frequency band communication hardware optimization and antenna lightweighting were
explored. The prospects for integrating UAV swarms into future integrated space-air-ground networks and the directions for next-step development
were outlined. This review aims to provide references for top-level planning and design, as well as for future research directions regarding key
technological breakthroughs in the field of UAV swarm communication and networking.

Keywords: unmanned aerial vehicle swarm; intelligent communication; large-scale networking; space-air-ground integrated network; cyber-

physical integration; integration of communication, computing and control
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Fig. 1 Analysis and prospects of the overall architecture for UAV swarm communication and networking
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Fig.2  Overall architecture diagram of the UAV communication network
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Tab.2 Capability comparison of typical communication waveforms
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Tab.3  Capability comparison of ISAC waveforms
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Fig.3 Network architecture with decoupled

control and data planes
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Tk g, SCRRL 22 32 10 1 1 1) JC A HLARFE 1Y)
AT MAC Ppislo %P BCHE B8 i) 79k~ 52
Ho-HA - AR AP B, SR Y i
2y, T — i LH, LB T A e ] S
) B5CH A% i 1) O AR ART 422 , S5 BT T R R T
TEMCHERN b2 SGR R T AR R X B
Sof NP R P AR AT A A A PR
TR GRS BC A BRI BT, 207 A XA T
HEERE 0, R T MR,

A W B AR AL P 25 15 Ak e Jr T s 1
R AE B R 22 Ja B T30 15 6 % )2
AITERESR T THN TJC AR REAE 55 19 AR (4N
T hak AT ) B S 2 i I A8 A T8 R, AR
L G 38 P A AL R LA X D3 1 sh 2 278 1Y
555K o AR FEAT T 7E T2 {5 TE AR SN
AHER b, TR RS AT 55 R E S T P L ST
P o RN NI L S STl S
3.2 BEEANEFHBGEIT

IR AR F 2 B REZ TN
HLH SR IR > 5 A A R S
HIBL, SE PR 88 A RE R S . TR
T R T 25 6 5 B AR RE (5T BB
I DA P ZE A S G HAR AR . AR T
AR B AN a] , B Jo AHLEEREZH [ MAC BIpY 32
BR[O S e R A IR A, H
S Ao 8 10 S AT B e A A 1 U5 AN o
AGERFHURIE . SET 55 BB ALH,
HAR s T B R0 ETE M 48 11 4805 1 i 3
PEBRET, o8 Z H AR IR AN 4, TGk 2 CH AT
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Fig.4 Three-Dimensional resource allocation example
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