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Distributed formation keeping control of UAVs in 3-D dynamic
environment
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(a. National Key Laboratory of Special and Technology on UAV, b. UAV Research Institute, Northwestern Polytechnical
University, Xi’an 710065, China. Correspondent: SHAO Zhuang, E-mail: shaozhuang233@163.com)

Abstract: When UAVs formation flying in 3-D dynamic environment following the reference path, obstacles may popup
and collisions may happen. To solve this problem, a distributed formation keeping method with obstacle/collision avoidance
is proposed. The virtual structure approach and nonlinear model predictive control(NMPC) method are applied to design the
distributed formation controller. To achieve collision avoidance between UAVs with consideration of communication delay,
a spatial penalty function with the priority strategy is designed. According to the simulation results,the distributed NMPC

formation controllers can make the UAVs steer clear of static/moving obstacles with no collisions between UAVs, and the

formation keeps following the reference path after finishing obstacle avoidance.

Keywords: UAV; formation flight; virtual structure; NMPC; obstacle avoidance; collision avoidance
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UAV, (Tdif,Ydifs Zdif)
UAV; (230.8, 0, 0)
UAV, (57.6, —100, 0)
UAV3 (57.6, 100, 0)
UAV4 (—115.4, —200, 0)
UAVs (—115.4, 200, 0)

=2 UAVRBAIIEIRTS

UAV, Vi/(m/s) xi/rad vi/rad (Teif,Yeif, Zeir)/m

UAV, 50 /4 0 (150, 0, 0)

UAV, 50 /4 0.1 (0, 200, 0)

UAV3 50 /4 —0.1 (0, —200, 0)

UAV4 50 /3 0 (—100, 0, 50)

UAVs5 50 /5 0 (0,0, —150)

% UAV il i N 20 3 S &AL N vy €
[—1,1])s uyi € [<0.5,0.5] uz; € [~1,3]s V; € [30,80],
i=1,2,---,5; UAV fill fi 2 ?Fﬂ;té#: 24539 Re
= 30m, Rp = 120m; XF M ATEEAR e 253 i N py =

5,p2 = 4,p3 = 3,ps = 2,p5 = 1, HLIAEIRGEIR —/>20
K. B EWIURA B K S H RSN
(x0,Ys0,250) = (0m,0m, —1000m), xso = O;
Vi(t) = 50m/s, t € [0,200]s;
Orad/s, ¢ € [0,40] s;
0.02rad/s, t € (40,100] s;
Orad/s, t € (100, 200]s;
~vf(t) = Orad, t € [0,200]s.

AT I B AT A B T R ) L R RS
MR — A BhlnGa. Hor: BG4 b X
e 42 FE 2 42 23 ) 9 100 m 150 m AT 500 m, I LA
40 m/s T FELE 1000 m & AT i e ¥ A7, Hx(13)
Y Unogr = 0.02, Umoge = 0. HLIA)RERE T 11 5 &,

= 60000, % ) & 3 ¥ &F 5 7% 411 1 25 k, = 11000;

wy(t)

UAV of % 1 B 0549 14 i 2 88 B A 71 389 2 11 i J

Bee 45 11 48 25 43 51N Ky, = [48000, 60 000, 55 000], ki,
= [30 000,40 000, 45 000]. HAh3%H1ZH00 -

m = 0.01,7 = 0.01,75 = 0.01,

R = diag(2,3,3),
S = 0.05diag(1

32 ZRaH

i B4 R E 4~ B 10 fros. Ho

,57.3,57.3,1,1,5),
Sy = diag(1,57.3,57.3,1,1,5).

K4~K9

9B UAV [ BAJE o= 22 1 26 2 UAV s I £ 1) 1 2
A AL 1 2 1B 10(2) 9 UAV 4 BAZE S 25 3R 55 F 1 64T

P =L, R RS SRR G

0.4
— UAV, UAV,
- UAV, --- UAV,
£ 0.2 -—- UAV,
é
& o W
-0.2
0 200
El4 NEPAIRE
1.0
— UAV, UAV,
- UAV, -+~ UAV;,
g 05 ——= UAV,
o
;E

0 100

200
t/s
B 5 #EEBAFIRE
&
2 — UAV,
~ - UAV,
N -—- UAV,
UAV,
—_ UAV;
100 200
t/'s
6 EEAENFIRE
1
<0
-1
0 100 200
t/'s

7 UAV3 Bz FEHEHEAA



6 M

BR B ZENBIRET S RAMG A H KR Hri2 4] 1071

0 100 200
t/s

8 UAV; My HEiEHlsA

U,

0 100 200
t/s

9 UAV3 Y z RSN

H/km

(b) =K (155

E 10 ZRBA¥ITHIE
EH 2 A DR 15 5% 22 F1 AT B8 & AT AR, )T
Y AT 46 IR A M 22, 2% UAV R i 1R Pt [m] 31 3 22 g
AL 2 I 95 2 2 008 AT BH G BN 38 e 3 28 W] LR
0T S Y BEAS A, BT i R AR RIS,

UAV, . UAV, I UAV, #E#5 T €T = B AU ik, UAV;
I UAV 5 W35 $6-F T L0 FHUEE, 10 T )5 T e 3 5
(A B L B RS, BT UAV %13 8% 7 P 1 HL S0
ks oF TR s G, R34 H T dmAEAD TR
Hh & UAV 28 3 6547 O 1Y B 40 8E 55, 43 A ml
BN\ % UAV ¥ 58 D LR 2 BG4, 3 4 B¢
1T I AR % UAV W 2 0] (9 B i FE 25, ] LA, A
A7 AE I8 T 28 GE IR 2618 R, 4 P75 UAV 2[R SR A
2R H A
£3 BUAVEIBHEEMSEESE mn

UAV, UAV; UAV, UAV3 UAV, UAVs
RIS 17942 169.17  211.19  304.55 19548

=4 BUAVZIEREES m
UAV, UAV, UAV, UAV3 UAV, UAV5
UAV, 0 115.98 104.44 231.35 328.77
UAV, 115.98 0 96.77 101.91 141.71
UAV3 104.44 96.77 0 87.01 126.21
UAV, 231.35 101.91 87.01 0 89.07
UAV5 328.77 141.71 126.21 89.07 0

N T AR AR ST BB, FE AR [R] 07 LA B
TSR SCHER (110 52 H 1 4 208 [ 75 1k EAT 07 L S 5,
B 10(b) Ayt 2 FR 4 BA AT BLZE = 4RI IEL. 7T LA H,
e G2 30k i 5 1% R R e 1% S BI85 420 1 L ke, 1HL
8 5 1 320 i 78 LK. T L SE A% UAV [ 38E e 3 A2 i
ZRAM 9 UAV Sehrfr B 5 3 88 A7 B 1) PR B 4 0t 22 (E
ST I TR E AR 23 B0, D P o B 5 V5 TR 1D % UAV
HAR A ZE A T 7 T RAT 2R 5.

x5 HBUAVEERRERN
Jiik UAV,; UAV, UAV; UAVy UAVs

ARITTiE 45829 48570 46758 50738 30915
417715 78782 81706 52164 87863 47970

ST RN, SR FH AR SO HH PR S0k URSE g e 7 7
FI I UAV 1k [ 2 42 0 22 AR A 2 L A% o e 77 1257 3
T2 =53 22— IR U BH R FH AR S VAR ) e
TIRAE 5 2 3B B T 5 T B % s/ b i 25 G A 2 25 L8
4 4 @

A SCER XS T NHLGR BAAE = 4 sh B IR T 5%
BUZE AT I AT B B I8 58 KR I S A T R A A 4R T 1)
R, BT — T ST al e A T A AL R ) 2 A 2
NMPC % BAORFEELE. 370 B0 SRR i 1 B g ) A e
BN BRAFAD B TE T — SO (10 SOURSE 3 5% S5 s AN 2 (1] s
B SR, 1 FH NMPC J7 32 1) T30 R 1, SR FH 25
58 % P ST TR 4 5 SR WS S I I TRUAE IR T 1Y) UAV 1]
LG . B, A B SIS G E T AR LT g
A il 8 R0 25, SIBIL T S SR i 1 RN Bl B S 4
(1945 5CH8E LA e UAV 2. [8]) EAlf 38 4. 5 SCHk [11] 1)
A GUIRE I 7 VAR Bl AR SO 1) St g e 7 7245 2 1
UAV FIUE % 12 i 22 AN B8 /1N, 2 J5 AT R R AR 2 T 7
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