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Abstract: Aiming at the problem of communication delay in multi-unmanned aerial vehicles (UAVs) under a
typical mountainous wind field, a time-varying delay distributed adaptive control algorithm based on temporal
correlation is proposed, which has been designed to improve its time-varying delay control capability and enhance
its anti-disturbance ability under this wind field. Firstly, a typical mountainous wind field model is constructed
based on multi-compound winds, Building on this, the formation model of multiple UAVSs is established. Secondly,
an adaptive delay control algorithm based on temporal correlation is proposed, utilizing the Partial Autocorrelation
Function (PACF) to achieve temporal regulation of both the delays and the state itself. In the control protocol, a
formation control compensation vector is introduced, and the target state is input into the control protocol through
a feedback gain matrix, allowing for more precise tracking of the target state. This algorithm also uses Lur'e
nonlinearity to handle the dual coupling effects caused by the nonlinear characteristics of the wind field and the
UAV itself, which removes the dependence on nonlinear bounded treatments. The adaptive law is applied in the
algorithm to estimate the noise disturbance under the wind field. A non-smooth function is used to simulate
unknown environmental disturbance, and an adaptive gain is designed to compensate for the dynamic
characteristics of the system. Finally, the effectiveness of the proposed control protocol is verified through
numerical simulations, demonstrating that the algorithm can improve the stability and adaptability of UAV
formation under mountainous wind fields.

Key words: UAV formation; typical mountainous wind field; time-varying delay; distributed adaptive control;
nonlinearity
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+2¢" (1) (2L ® PBK)e(t —z(t)) + 20" (a(t)) K,Ce(t — (1)) (38)

+2¢" (t)(L® PB)®(a(t)) — 20" (6(t))@(a (1))
HiE 2, EfREMaRTH K =—BTP, = (38) #kA
V(1) <&" @)1, ® (PA+ AP +Q)—aL ® PBB'Ple(t) — 20 (6(t)) P (o (1))
—&' (t—7(t))(@L®PBB'P + (- u)(1, ®Q))e(t—z(t)) (39)
+2¢" (1)(L® PB)®(o (1)) + 20" (6(t))K ,Ce(t — (1))

(36)

37)

FUR RN A, (L) 052 36 4 = — | g

A

A

A,(L)
V(1) <& @[, ® (PA+ATP +Q—PBBTP)Je(t) + 2¢ (t)(L ® PB)d(a(t))
—&' (t—7(t))(1y ® PBB"P + (1- u)(1, ®Q))e(t—(1)) (40)
+2@" (a(t))K,Ce(t—z(t)) — 20" (a(t))@(a(t))
B ] L1 5

V() <M'SM (41)
M=[e'(t) & t-2(t) @ (@t)] (42)

S11 S12 S13
S=|S, S, Sul 43)

S31 S32 833

Su=1y®(PA+ATP+Q-PBB'P) , S,=5,=5,=5,=0, S;=2L®PB,
S, =2K,C, S, =-1,®PBB"P-(1-u)(I, ®Q), S,,=-2I-

RIEERIRITIE, AIHA
I, ®(ATP+PA+Q-PBB'P)<0. (44)
WHER (43) Fik 44) , /g
V(t) <0 (45)

11



HIE Pt Y o S I AR I S B (20D RIPERTR e WL SE 2 BAAE R T T
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2.3 W SERKAEfh T

FERICHIFZU S, Te AL T8 BB S N RE 30K, SR, S KA I S ml g 2 3 B0E
H T, T A A TE AL 8 TR 1 G BA RS LR RAT I . DR, T AT RGP RE AR )
I SE L5, DA ORIC AHLAE IS AR I GE S0 T 475 RE S AR & 4 A KT o

RAE (260 , T4

é0)= (1, ® Ae(t) + (L ® BK)e(t — (1)) + (L ® B)(@(a (1)) +o(t) + F(1))
~(L®B)(V, (&) +r()d (e(t— (1)) —d(t))
41, ®E=aL®BK, 1, ®M =(L®B), &AM TS — 75wt F 7

B ¥ =V, ()E) —rt)d (e(t— (1)) + d (t) + D(a(t)) + o(t) + F(t)
HfE R AR e, AT

(46)

se(s) —&(0) =Ag(s) +e “Ee(s) + M¥P(s) (47)
LT, =A-e"E, W= 47 iy
&(s) =(s—1I,) " [¢(0)+ ¥ (s)] (48)
R BEHHEMARG T, WEXZ (s)=G'(s)=s-T,, % (S'{gw\:v }) =
k "k
Wk N RN Wk
Z_(s) 1£ W T EAE s WAL E A, Wl Z,(S) =(, H
k “Yk k “Yk
g, €C k> 1w, 25 L X THRAEE A, KRR &
GIEE
W 9 W, Wy
T RSP R L B
g, W, (ak + pkg, )w, (4e77) g, W,

b A LEORHEA.
BF A @+ o) = T

I P
ngk ‘ ngk ‘ ngk

W,
‘ }to, s =g,, Has0 Lk Fk:
k

EE%{

Ok
A8 (a+ ps) =s* (51)

o 1>1.
PR (51) k73 Z, () % THMEEE s <O B AEUEAR. B2 Fokdk 73
Z.(S) fERES jWHZ AN E >0, 4s=jw, A

Ae M (a+ jpw) =-w? (52)
BREw>0, HHA<0, HEH (a+jpwe™ & A ELH, Bae™ m
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a+jpw M M M oz M N 2mz , H o m=0, £1 & X ® R
—wr +arctan(fw/a) =2mz , RIER (52), A/
arctan (@) —2mrx
T= & (53)
w

T A RELIAE, RiE (52) 1 (53) , w#
Ao + oW = —w? (54)
Wi (54) , n[15

W:\/2&2ﬂ2+ ’/1]4ﬂ4+4212a2 Dn

5 k (55)
RKINEE 7 AT m =0, B
arctan
r =max,_, —% (56)
T
M TAAAE IR AR AN T4, RIS S fe K AE T A2 a0
=7 +max(¥(s)) (57)
3 ESEH
3.1 BEE
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AL, =08L,=08L,=08, i iitho, =04,0,=04,0,=04. Xk 1
A¥ N K, =0.04:, EANFEEIM=1.2, EHEFSHI K, =0.02p,= 0., %
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