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Using multiple unmanned aerial vehicles to maintain continuous
reliable cooperative communication in target tracking

ZHU Qianf, ZHOU Rui

(School of Automation Science and Electrical Engineering, Beijing University of Aeronautics and Astronautics, Beijing 100191, China)

Abstract: Because of the communication and measurement constraints, when performing persistent target tracking, un-
manned aerial vehicles (UAVs) require a reliable airborne communication relay established by other UAVs to communicate
with the base station. For the purpose of forming the initial airborne communication relay chain, a novel method for coop-
erative path planning is proposed to ensure simultaneous arrival of multiple unmanned aerial vehicles (UAVs) with initial
and terminal course angle constraints, which is realized by adopting the minimum turning radius of Dubins curves and ap-
propriately adjusting the course angle. For the random moving target, establishing continuous reliable communication relay
chain is implemented by using distributed nonlinear model predictive control (NMPC), considering the constraints of UAV's
dynamics, communication constraints, collision avoidance and so on. Simulation results demonstrate the effectiveness of
the proposed method.
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1 5|3 (Introduction)
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2 [\ 8RR (Problem definition)
2.1 BAWLHZE(UAVs relay)
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Fig. 1 UAVs communication relay

2.3 H#r3) 128 (Target dynamic model)
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3 Y14k {5 H 4k JE B (Establishing initial
communication relay chain)
3.1 Dubins i £k [7] B} % iX (Simulaneous arrival
based on Dubins curves)
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Fig. 3 Dubins curves adjustment

3.2 HhifF#EHEE(Collision avoidance)
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3.3 HiEWFE(Algorithm procedure)
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R4
4 FrgdfE B 48R $F (Maintaining continuous

reliable communication relay chain)
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predictive control)

TERENLRE B H AR ER BRI FE T, B0 MATE AHL
ANEMESER, FIE TG IERE. IS L. LRI pfESE
PRIE, R A AR L A TP AL BN
PURZE BN . Dot DR (5 4k 2% sh A R, R4t

BARTEREIRR A B R 3R

M M—-1

i=1 =2
XTI AN, HAPERESRAR T

~ N-1 -
Ji=¢(Fin,din) + > L(Tir, di, wir),  (10)
k=0

= 1 . ~
d(Fin, din) = §(pirri2]v +pidd?N)a (11

L(ﬂ‘k,dik,uik) =

Uivk — Vo

1 R N
§(Qz’r7“?k + Qiddfk + i ( )2 +
Vo :
Ujwk — 7‘7
Fiw(———%)%),i=1,--- , M. (12)

max

X TS 1B TC ANHLT 46 24 55 i L 1 T ol PR R 35
BB, HMERERbRLT

~ T%d - "’"1k|2
i = 24— (13)
T1a
71| = \/(xm - l‘b)2 + (Y1 — yb)2> (14)
B e
dyp = hd2|1k|’ (15)
1r

|dik| = \/(xlk — 221)” + (Yar — y21)”. (16)
HKADH: (@, yp) N LIS E, (215, Y1r)s (Tor, Yor)
I3 AR MR R T s i v, SE R TE AL, 200467
H. diy, ra IR NG 2288 AL
sl AR EE R .

5 MEBETCINTFIRLRT B bRk AT & ks 407
wIRER, HERefabran T
2 o 2

P = M? a7

TMd

rand = v (@ane — 200 + (ars — ym)s (18)

&y, — lduss|’

dip

Ay, = (19)

|dik| = \/(ka_-T(Mfl)k)2+(yMk_y(Mfl)k)2-
(20)

A : (i, yrw) AR LR AL T30 42 1] o
Bl HAFRLE, |rarel. |dask] 5 5199 25 MR T AN
R SM — VRN B S

ok T Ho A B T AL, 76 L S8l b 33 47 B
EWE R FIIRT, 75 206 2 55 O T AL AR 1 22
ST AR R V. X R R RR L T

2 2
o = Do Il @1
Tia

ra| = \/(xzk — i) + ik — Yiv), (22)



511 RESEE: THIM) B FRERER I 2 ML H FIEAE Rt 1555
7 d;. — |d(i—1)k|2 dz — |d(i+1)k|2 P REFRPRIN(33), & X Hamiltonian R &1 T :
diy = e + 2 S

ir ir Hik =
|di1ye| = \/(»fik—lf(z‘fl)k)QﬂL(yuc—y(i—l)k)Q» L(Fiter i, ir) + X sy L fa (i, wire) —

(24)

’d(i+1)k| = \/(l‘zk —$(¢+1)k)2+ (Yik _y(i+1)k)27
i=2,--- M—1. (25)
K 1, di 2RI SRR AL e AR AN LR A EE R
(Tivk, Yivr) N HE N H bR 547 H, |d(i_1)k
R LFTT AN G PIITC AN XS PR
Ey WOV Kt SR Il e A

fa(Tir, wir,) — Tige41) = 0. (26)
2 1 s ) N LR L5715 B B S 4o,
TEARLR MR TR PR AR SRk

S () = 1L _U”°| — Um0, @)

S (i) = (L = max (28)

wrnax

Si-nye(@) = W <0, (9
St+1ye(Tin) = w <0, (30)

Tec

}ri(i—l) | —Tcomm

S(ifl)comm(wik): <07 (31)

rcomm

|ri(i+1) | —Tcomm

S(i+1)comm (Tix) = <0. (32)

Tcomm

:Etl:'j‘rz(l 1)‘ |rz(z+1)’%%*H@B%}\H—L‘Zﬁﬂ%ﬁﬁ%,%
R (26)-B2) M FEAFIAERL W, FF2ET0 ANUAHN
(kR M REFR AR T T

Jai =
. N-1 L
d(Fin, din) + Z [L(Fr, dig, wir,) +

z(k+1){fd( iky W zk:) — X))+

;Mwlwksw(uzk) + 1Nzcl(z DerS(i1)e(Tir) +
;Nzwlzwkslw( i) + lﬂz‘cl(iﬂ)cks(iﬂ)c(ﬁcik) +
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Of(x ) “1) 4.2 {1E P (Calculation procedure)
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While |[AJ| > e do
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E2SIRITEIN
End While
5 i B4 B 5 4 ¥ (Simulation result and

analysis)
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6 25 (Conclusions)
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