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Abstract

In modern complex electromagnetic environments, complex electromagnetic interference poses se-
vere challenges to the channel rendezvous of spectrum-aware unmanned aerial vehicle (UAV)
swarms. To address this issue, this paper proposes an efficient adaptive channel rendezvous design
scheme for spectrum-aware UAV swarms to cope with complex interference environments. First,
the scheme puts forward a preprocessing mechanism for low-interference channel expansion to in-
crease the access frequency of low-interference channels. On this basis, an adaptive rendezvous al-
gorithm is designed. The algorithm adopts a frequency hopping-waiting dual-mode sequence gen-
eration strategy to achieve pairwise rendezvous, and is combined with a cooperative information
exchange mechanism to guide the swarm to synchronously switch to the global common channel,
thus greatly improving the rendezvous efficiency of multi-UAV systems. Theoretical analysis proves
that the proposed algorithm has a deterministic maximum time-to-rendezvous (MTTR), and can
guarantee the determinacy and high efficiency of rendezvous in multi-UAV swarm scenarios. Simu-
lation results show that the proposed algorithm significantly outperforms state-of-the-art methods
in terms of maximum time-to-rendezvous, average time-to-rendezvous (ATTR) and system energy
consumption, which provides an effective approach for reliable communication of spectrum-aware
UAV swarms.
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Figure 1. Example of the UAV channel rendezvous process
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Figure 2. UAV trajectories and spatial distribution of channel availability
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1if AP EBSH v, do

2.for t=1 to N, do// N, /& HopCh! K
3. HopCh;, =mod(t-1,p)+1

4. end for

5. else

6.for t=1 to N, do/ N, & WaitCh', i) E /¥

7. t=mod(t-1|C,|- p)+1

8. n=[t/p]

9. WaitCh), =repeat(c,,p)» ¢, eC,n=12..,C,|
10. end for

11.end if

43. BRANNEHZTE

IACHR-M HUAR BB IR SNE 2 i . B o6, RAURT-IUEIEY BB LS 26T AL
R RS S . W% 2 05 1~2 /TP

FEDN TN DURAS A 1D Wi B 51, I 12 i R e K AR B 5 2 A P A s R D) e . AN
AHUR AR B B Ay G IR R0 170 9] 2B Rt I b AP 91 S A 2 81, TN 0ik 2 36 3~10 AT 24
BTN SRR AR AT AN P R GE R FE el &, MR HA
CAEMTANA L B ESETE . 35 ST A AT — 5% 5 R Al 3 AR 2 — I B 4 21 A [+ 50

DOI: 10.12677/hjwc.2026.161001 8 ToLimAE


https://doi.org/10.12677/hjwc.2026.161001

MRk %

I, PMESERE R R HEAT 5 S A, JFE AT RAE A L, £ IR RS Ul S pra T AN 3t
ZRERAIMEE, WHEE 2 5% 11~23 17 FR. ZJa, AAEFHTREIMAZEERE, T 4ksk 2 iZ0d
R, DU ORI R BB I A M E S DA MR IT R &, REIERE NN 22 B s

Bk 2. THLEIERMEBIE - S5RHEE L 2 HIL(ACHR-M)

A BANMELESEB N, TAVEM , TAN Y, T AEER N, TANL Y, THRE |,
s 22 TTR

L% AT — e Ab 3

BTN, AT FE S C B T, BRIy G4 C,

B PR BRI A A R U 8 S,

- IRt RR X ER n=0

CAES n R, RS S [m] i EEAR A S [m]=0 BRI, S [m] =1 85
- BRI P B 1 AR BT 4

Cif BRI P JEiEfE {EiE ¢ do

8. c; EILINBULEFE R H, LI TE BB O BCE W 7 i R A5 Il 4 P ik $# 50
9.end if

10. S H o Bk 1 4508 IR B A 1S R 41

11. while RFERAEIEZZ 2 do

12.if AREPIA I R e R EIE S 2 do

13. SHIFAAEIER) CH 5 8

14. FERAE SR AL M E SRR, AL T TE R

a B~ w N

~N O

15. end if

16. t=0

17. SRR ERF A e R A 2
18. t=t+1

19.if BB SAERER R AN T R —151E do
20. IZEERE OB RN AL A I BRI R A S EE
21. end if

22. n=n+1

23. end while

24, return TTR

44. ERANNEHZEE S SN

AT A 2 I R 1 #5 K AS £ I 1] (maximum time to rendezvous, MTTR).
AEH L EARR BB R, BT TR 1, AL RN E AN P v, R, 2222 TR 1R
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Figure 3. Two cases of guaranteed rendezvous for two-UAV users
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Figure 6. Effect of the number of channels N on system energy consumption
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Figure 8. Performance comparison of MTTR with and without the channel extension preprocessing mechanism
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