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Figure 1 The control of the UAV obstacle avoidance
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Figure 2 (Color online) The avoidance strategy of the UAV. (a) Obstacle detection; (b) steering decision-making;
(c) steering maneuvering.
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Figure 3 The system structure of UAV swarm

(4) MU FRFZA]. R T AHLES LB R 545 2R R AT f AR AR i 48 s, 85
PR PP g o) & O A, O ) AR IR 22 HEAT 42 ). 2B P& BT AHLAE SEBr AT IR o, o v o P
182, R, 7770 A% RS A5 BB MBEALIE A5, BRI, o AU I3 78 B — B2y — Bl Pl A v
fiti b, DUNAT I (B SEIR BRI A AR, Rl B e AR Bsb AT I, DI il AR e k. i, A
IF 422 1) % (R P A P o

t
@hu)zkp-%na—7)+33/’%N@—Tyu+3b-&”@—T)+Kg4%y@—ry 3)
0

Horp 7 ] R GERIALGE AL A RS I T SEIR, Oore = Vay — bexp ATCABLTHT AT I5 175
H AT RZERE, Kp, K M Kp 7351970 NHUSL R P 25 I L2 008 2 o AR 2042 1l 48 2 A0
o I i, K IR e 42 4 2t
(5) T ANUIRZS SR, FEMTIEFEH] S H0E T, 450 (3) 2 & i fsi R R AL A, FoR
A (4) EH AN ZEALE. R ANCLTE K T HARAIE, A AT @ 3
WA, R ES RS AL e AN ko, 285 5 HMHE T ARLACHAE B, IX R — B, fa DA
[ FR) 7 [Ea 0 £ JEE 3R] .
. (4)

Xeye = V cos Ogy,
Yeye = V sin gy,

Hrp vV R AN AT

3 TANEERGRT

TN R Gt 2 LB ANUERE CATHRTIR, DRIk, ASER I 1% 3R S PR 45 A HE 2 AT 1)
.k 3 proR, RN %S T Linux #4E RGN EARHENL, MEVES AR, 288 NRIE R

1346



FERE EERY: 498 10

4t (robot operating system, ROS), f£ ROS W H 47 2 L AWM EZEAEGEETF RS . KEN
TRE RATHE M3, B AR R T A B . & MR RS AR B B AR 1 B A B e ] SR AR R B
Re71, VBN H B2 B 57 0 ANLIA RS, Sl | EE % R B4 BB S DIRE. HLEL
(18 FhAE S, TR AN NS B, N T AN 6] RGP it s i, an =l Inos BE v o TR PR agAs . 1k
J1it . EEREASL RS (global positioning system, GPS), NTC ANUIRHEA B AL B, T ANNLE
BEARGH -ELLHHL ML (wireless ad hoc network, WANET) 2 i, 7157 2 TC AL [AIFPIRES
A IR AR AN 22 e A, i T sl A B T8 A5 2R 4 47 97 T8 ML S T AR A B2 8] TE AMLZ [A) (1
TAE AU, I ik, RN GRS USSR I TS AL S AT AL B TSR RATRAS, W DR 2 s L
IR HERIE A, DRUEERAE N 51 0] DLEAT T a2 i B fa S O R S Bila .

4 FAWER ITHRIE

4.1 HhEEEILERYIN 2iEE

To N HUAR T JH 0 i L B ) 8L S () AR T S 16 %, IR H AR sEAT A, ) T A5
o FIEOR, IRECH PR, FLU, SR IR SE B HEAT 9D, AN 453 22 5 1 e NMERE T, A7
ZAhth. BeJa, RAHFME n SIEM (a robust solution to the perspective-n-point problem, RPnP) 7 A
THITVE SRR T7 FR L SR At vt, JE A4S B BEAS YA XS T ANLIIAL BAS B 2765 1 AT Z 2 FILER
FESHLHIE B ACBERE ) A AL BRI B, LA A ) DA S A7 #28 i SR A B FE A DN 50 ms.

T NNUHE B TR A AR R GE RN, R 55 2R B B i P AR A B R, i i
EUSCR AT 25 W 28 B FL At e AL, SRBE B3 =, B e AN LI AL T F 3k o T 38 15 1 BE B Y N . 72
W AR R, 1 A K AR R R G0 = & KA RS E B A A BRI IR (5 2., DR A IR
A CATHE. BRI (E B, BT 2R GUR MRS 5 (R BEAS A (A O BAS B AR M A AR 2
NRASE, HAAEES B, SRIERSYIAR X A B G, SET s 2 M B e AT A B S PP
A, O N HIURR AN 21 10 e A 1] 5 A 1| 5 8 P S G, BRI 2% B ML 1) A1, e OB RE B 1, B 2% 22 A %
B AG X3, (E RATIRUE T, Btk F 20 BRAR IR, To AWLTIBR BT 55 0 M 2 b 28 ik, B
SYIREHURE, HS T ANUERFRWILEA B IR B — i RS, WIEERY B, To NHLERREEE BB AS ) 0,
PRSP AL T R ANUVERE M PRI EE 2545, Wil 4(a) A1 (b) Fiw, MBI BIRRISYIE B, T AL
EERFAR I TUE M2k AT, ERTE R, SRS YE AT AN YE ] (CEAR WA 5 m) I, 1/ 4(c)
() B, T AWLES BRSSP AR AL BAS S, PATHLR SO SRS, BL 2 m/s [ BEEETT BG4
(W R AT PR, B 15 B AR RE R B AN I G0 R, AT BRI AN B RS, 1 S BEAS A K
AR, Gl 4(e) A (F) Bias, T ANUERFBEFTREGY), BER, FRAE RS — i 20 v Al by 2R 7 B
FIBTBR RS YIAL T JC AWLUEERFIY S 07, R e p, BEE AR R BE 15 20 & 4(g) A (h) 1 KATHIZ.
oo A1 B 02 e AN HLERHE, FE T AE B H 1) A2 B A ).

4.2 THREHERYIN R

T NHVERE T ig Bt B SRR IR SR T S8 156, (R ANIRESBERS ). Hoak, FIH
Fa J P S S S A D9 2% R AT B I A BLAS B, s, 5 RO R 2 UG 1 S i AT g S it . AR
W AL T JE I vT 3845 B S YE I N, HEPB iAR 55 0 W rg B AL 5 8, BRI RapLcE, H.
H5IRANERRYIIEA ERE —E RS, R GPS SR AL BAS B 1845 W iSUR A 45 W
2g R AR TG AL, FERERE I AR b, SRR I TC AN E Se FIW RS 2 & KA FAL AR B, e #2ik

1347



FSHEL A (17 AR Bl VAR 8L SRR ) o A LSRR AT B0 E

x10°
(2) (h) sss ---UAV,
- - ~UAV,
—UAV;
4.450435 == =UAV,
® |---UAV;
445043 ~-.
_ G Obstacle \)
=
E 5
N _ 445042 ® ' /
40 £ (
x
1299102 44502 PR
1.2951015 ] r~
o 4.450415
1o 4450435 f\ »‘ \)
1.2951005 4.45043 .. EUPR Saad TS S
x108 a. \"'-' -~ \
4504 —5 -
s Start points J
Y (m 4 . . . .
(m) “1295102 12951015 1295101 12951005 12951 12950995  1.295099
1.295099 4 450405 Y (m) x10°

B4 (MERFE) tEeREERYIN S
Figure 4 (Color online) The static obstacle emergency avoidance on the ground. (a) and (b) show that UAVs cannot
detect the obstacle. (c) and (d) show that UAVs can detect obstacle and adjust the current direction to avoid obstacle. (e)
and (f) present that UAVs complete obstacle avoidance. (g) and (h) present the flight paths of UAVs obstacle avoidance in
3D and 2D.
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Figure 5 (Color online) The moving obstacle emergency avoidance in the air. (a) and (b) show that UAVs cannot detect
the obstacle. (c) and (d) show that UAVs can detect obstacle and adjust the current direction to avoid obstacle. (e) and
(f) present that UAVs complete obstacle avoidance. (g) and (h) present the flight paths of UAVs obstacle avoidance in 3D
and 2D.
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Verification of a UAV swarm flight simulating the passive inertial
emergency obstacle avoidance behavior of a pigeon flock

Yankai SHEN!, Haibin DUAN"2"| Yimin DENG!, Qinan LUO" & Chen WEI*

1. Bio-inspired Autonomous Flight Systems Research Group, Science and Technology on Aircraft Control Labora-
tory, School of Automation Science and Electrical Engineering, Beihang University, Beijing 100083, Ching;

2. Peng Cheng Laboratory, Shenzhen 518000, China

* Corresponding author. E-mail: hbduan@buaa.edu.cn

Abstract In this paper, the passive inertial emergency obstacle avoidance behavior of pigeons is studied and
applied to the coordinated flight verification of an unmanned aerial vehicle (UAV) swarm. Pigeons in nature
dynamically adjust their routes during flight. When they encounter obstacles, emergency behaviors are generated;
i.e., they change the current direction passively, get cross obstacles toward the largest gap between obstacles,
and thus complete obstacle avoidance. Prior to the flight verification, the design of the UAV swarm system
architecture is explained. Further, two scenarios of static emergency obstacle avoidance on the ground and with
moving obstacles in the air are set up. The corresponding timing sequence diagrams and flight path diagrams are
also given.

Keywords pigeon flock intelligence, emergency avoidance, UAV swarm, cooperative control

Yankai SHEN was born in 1989. He
received his B.S. degree in automation
from the Hebei University of Science
& Technology (HUST), Shijiazhuang,
China in 2013, and M.S. degree in con-
trol theory and engineering from HUST,
Shijiazhuang, China in 2016. He is
currently pursuing his Ph.D. degree in
guidance, navigation, and control of
aerial vehicles in the School of Automa-
tion Science and Electrical Engineering
at Beihang University. His current re-

search interests include navigation, control and decision of un-

manned aerial vehicles,
intelligence.

__
and Young Top Talent

bio-inspired computation, and artificial

Yimin DENG was born in 1989. He
received his B.S. and Ph.D. degrees
from School of Automation Science and
Electrical Engineering, Beihang Univer-
sity in 2011 and 2017, respectively. He
is currently an assistant professor in the
School of Automation Science and Elec-
trical Engineering at Beihang Univer-
sity. He is enrolled in Young Elite Scien-
tists Sponsorship Program by Chinese
Association for Science and Technology
Support Program by Beihang Univer-

sity. His current research interests include biological computer

vision and autonomous

1352

flight control.

Haibin DUAN was born in 1976. He
received his Ph.D. degree in control the-
ory and control engineering from the
Nanjing University of Aeronautics and
Astronautics (NUAA) in 2005. Cur-
rently, he is a full professor in the
School of Automation Science and Elec-
trical Engineering at Beihang Univer-
sity. His current research interests in-
clude bio-inspired computing, biologi-
cal computer vision, and multi-UAV au-
tonomous formation control.



