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Multiple unmanned aerial vehicle autonomous formation based on
the behavior mechanism in pigeon flocks
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Abstract: Inspired by the similarity between the unmanned aerial vehicle (UAV) formation flight and the social behavior
of biological populations, we propose in this paper a method of autonomous formation control for multiple UAVs based on
the mechanism in the pigeon flock. Firstly, the model of the pigeon behavior mechanism is built by mimicking the specific
context-dependent hierarchies in pigeon flocks. It is based on the existing flock model, and the topological structure
and leadership in pigeon flocks are modeled by using digraph and potential field theory, respectively. Then, the bionic
mechanism of multiple UAV autonomous formation is analyzed further, and a formation keeping controller based on the
pigeon flock behavior mechanism is designed. The controller, with the model of the pigeon behavior mechanism as the
core, includes two assistant parts: the control instruction solver and the state transformer. Finally, a series of simulation
results are given to show that the UAVs can form an expected flight formation with the designed controller, and keep the
formation under serious conditions of complex leader motion.
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Fig. 2 Determination procedure for pigeon formation
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Fig. 3 Block diagram of UAV autonomous formation control
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PUEE 1 2 3
2 10 — —
3 10 10 —
4 20 10 17.3205
5 20 17.3205 10

i BAFERE APABY B SR BE, A EIT
BE84 s, LI KAAL T 2138 IRE, FEHEZ TN
BLAE A& 75 0T T2 g BA; 200 B, M84.05 sHI| 1j B 45
B, R AL A g AR i 5 s N T 44 1 AR,
FEERT AN B EZ 4 KALIZERES F K
SRE ZIGRAE AT
FH K15 (a) F15(b) I UL, 7E475 B 28 1R B, HLIFAE K
96 sH & BT ER 1« N7 2 T g DA I O -, RIS 7E

F2M BRI KHLE S AT, IR LR ERBAIE.
5(d)F5(e) th 78 73 1t B 7E T2 4 DA i, WL (4 34 2 A
Wi fAang SEIET 80 BESCe)ERHAEE T
TN AR SR R AT, H AR ST ERBEK AL
IBhAAAL. HEISE) T, SKHURSZ T, HAth
ML TE B S5 KA G BRI, iRZEE R VFEE A,

60
40

20

z/m

$/1n 0

TEABLL (KAL)
< BN (CHHEL)
© BANLS (ZHAEHL)
(a) HUBE=4E R ATHLL

< TBAHL2 (—HAEHL)
+ EAH4 (P

—1-50
1 —-40
= 430
T F+++‘t++‘ 1720
I +4-10
./' ‘+++' -....- , 1o E
TRSTRITA *2 '... o 410
e 420
. 30
" 140
L 1 1 1 1 1 1 1 1 ] 50
400 350 300 250 200 150 100 50 O -50
x/m
— AWML (KAL) < A2 (— R
o AN (S - EANA (L)
o TANLS (ZZutshl)
(b) B CAT AU AL
20 +
15
10 +
T %i*. }
L e g
S o™
,5 =
,10 -
,15 -
,20 I 1 1 1 1 1 1 1 - 1
400 350 300 250 200 150 100 50 O -50

x/m

© TEAML2 (— AL
+ A4 (ML)

— BN (KAL)
< BB (AL
o AN (=)

(c) HURE ©ATHLL ML R



510 4 IRAEgE S JET- AR T UL 22 JC ML A F:2 B\ 1303
55r DNy BV T i 0 A P HE TR R, 51N B B QR AT

2.5

i r
200 v
15t
10 1 1 1 1 1 ]
0 20 40 60 80 100 120
t/s
FTAMLL (KAL) Te B2 (— L)
T3 (BN —— AL (AR
- EANLS (ZHEHL)
(d) KPR b 2k
25
20 | i
15 F ‘,‘
10 I \T\\“‘ |

ettty
A
A+ Sy "
Sy,

i ‘Mﬂ,ﬂﬁ T

0 _;,Hv ,\\/\‘Lh%b‘\ :”Z;:ﬁj@‘, &f;x EFPETRREIRE . 8 R RIS
\ | MALTHC .
J NV t

715 -
20, 20 40 ) 80 100 120
t/s
T ML (KAL) T A2 (—F AL
T A3 (ALY TANL4 (Z L)
TENHLS (Z L)
(e) FimIfAAe ik
A
4f
3 TJ\
2 “—‘t‘
AR
é 0 _ ‘,\;?H#‘HW . “"‘W’&?‘W
= 1
off
ai
4 f
‘4‘
_5 1 1 1 1

1 ]
0 20 40 60 80 100 120
t/s

FTEAHLL (KAL)
ToAHL3 (i fiewl)

T N2 (— LB
B4 (ZZitFH)

- BABLS (ZZtEHL)

(f) TEEH AR 2k

K5 ZIANLE ARSI RE
Fig. 5 Simulation results of multiple UAV

autonomous formation

B RFEIS 2SI Frd BARATE 5 S R (e ) 22 5, AR g
ZRIC ML EEIRS 5 H 32 12 BT AR 22 57

Q= > (X%l = digl + X5 + [l ).
=2 jEN;
(12)

e, QIEEAEN AR R BT sy, RETE

P FG By AR UIRZS K 2R A AL s A7 e 3, B

SRR, AN, 2 — U T RIEE R

AKHUBEN RN, HUBFIROR T DRI R (G ARG .

£k b, BIENNUR AL RSB IR B AN 25 1, IF

E A ST BETH I 329 BAZ il 4 2EAT RAT I I,

TEANURERT SEBL A g BA, BIELE 2% LIz 3l 5%
P RIRREPRFFBAIE.

450 -

400 |

350

300

250

200

150

100

50

0

0 25 50 75 100 125
t/s
K6 QEA iz
Fig. 6 Change curve of @

5 &5i8(Conclusions)

Z T NHLH T gm P\ AT & SLIUFNE 58 70 AALE R
Re IR AR 2 —, HA BNt 3.

N S DO W INE[E IVt PN =
SR LE DR R —RSBEAT WL R TF I 7. £ X RS HE ¢
TR REE ZERAT A, 58 T AN AT
5 AR B 05 AE AL, NS 7 THIEAT 7 e —
J5 T, I FHA 1) B RS 1 R A7 7R (4R 4 2548, XA
BEZ WA AT @B 55— J7 1, /£ O A BB A
(Viesek AT A/REY ) 3EA F, b a5 HAZ
15 RS2 (R BA AR P AT A, JEAE LR L,
BT T 2T RS HEAT AL 2 T AAL E 3= 4 DA il
. Hisd /75 BEIAE T B AU 235 H 8 IR
A FAM AT FE e BA, AT 7E B 22 K Lis sh 2414 R I
FEBATE, #E—20 Ui T B T RSB T ANLE R E AL E
TG\ a B A R RAS e .

B 3k (References):

[1] DERAFA L, BENALLEGUE A, FRIDMAN L. Super twisting con-
trol algorithm for the attitude tracking of a four rotors UAV [J]. Jour-



1304

7w oo 5 MM

32 4%

[2]

(3]

(4]

(3]

[6]

(7

(8l

91

[10]

(11]

[12]

[13]

nal of the Franklin Institute, 2012, 349(2): 685 — 699.
KARIMODDINI A, LIN H, CHEN B M. Hybrid three-dimensional
formation control for unmanned helicopters [J]. Automatica, 2013,
49(2): 424 —433.

XIE F, ZHANG X, FIERRO R. Autopilot-based nonlinear UAV for-
mation controller with extremum-seeking [C] //Proceedings of the
44th IEEE Conference on Decision and Control. Sevilla: IEEE, 2005,
4933 —4938.

WAz, Fo, e IR JGBITIPE AR R FE R IAE AL
BRI AT R TP RIS (7). RIS 5 R, 2008, 25(5): 879
— 882.

(HU Yunan, ZUO Bin, LI Jing. An annealing recurrent neural net-
work for extremum seeking algorithm and its application to un-
manned aerial vehicle tight formation flight [J]. Control Theory &
Applications, 2008, 25(5): 879 — 882.)

DUAN H B, LIU S Q. Non-linear dual-mode receding horizon control
for multiple unmanned air vehicles formation flight based on chaotic
particle swarm optimization [J]. IET Control Theory & Applications,
2010, 4(11): 2565 — 2578.

PENG Z, LIU J. On new UAV flight control system based on Kalman
& PID [C] //Proceedings of the 2nd International Conference on In-
telligent Control and Information Processing. Harbin: IEEE, 2011,
819 —823.

BUERET, 20 S, ARSI SR A R AN IR ER 1§ 2222
A (7], EHERIE SR, 2013, 30(9): 1009 - 1108.

(WEI Ruixuan, RU Changjian, QI Xiaoming. Autonomous safety
control of unmanned aerial vehicle formation reconfiguration un-
der communication delay [J]. Control Theory & Applications, 2013,
30(9): 1009 — 1108.)

TANNER H G, JADBABAIE A, PAPPAS G J. Stable flocking of mo-
bile agents, Part I: fixed topology [C] //Proceedings of the 42nd IEEE
Conference on Decision and Control. Maui Hawaii: IEEE, 2003: 201
—-2015.

TANNER H G, JADBABAIE A, PAPPAS G J. Stable flocking of mo-
bile agents, Part II: dynamic topology [C] //Proceedings of the 42nd
IEEE Conference on Decision and Control. Maui Hawaii: IEEE,
2003: 2016 — 2021.

ATHE, /KB, FRER. JE T4 10 8 11
HillFEE 5, 2007, 24(1): 79 - 83.
(YU Hui, WANG Yongji, CHEN Lei. Flocking motion control of
flock in directed networks [J]. Control Theory & Applications, 2007,
24(1): 79-283.)

T8, fT0E, SRR, 5 —RE LR EINLI AR S
4 1. %ﬁ%ﬂfﬂ%srﬂﬂ, 2008, 25(6): 1117 — 1120.

(CHEN Lei, YU Hui, WU Huaiyu, et al. A sequential flocking control
system for multiple mobile robots [J]. Control Theory & Applicat-
ions, 2008, 25(6): 1117 - 1120.)

BER, B, Trits, & BRI T2 AN RS DT
i (0], IS 5, 2014, 31(10): 1393 - 1403.

(MAO Yutian, CHEN Jie, FANG Hao, et al. Decentralized flocking of
multi-robot systems with connectivity maintenance [J]. Control The-
ory & Applications, 2014, 31(10): 1393 — 1403.)

GUILFORD T, ROBERTS S, BIRO D, et al. Positional entropy dur-
ing pigeon homing II: navigational interpretation of Bayesian latent
state models [J]. Journal of Theoretical Biology, 2004, 227(1): 25 —
38.

VHERFAREERIS B (9. 1%

iwiss S

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

MORA C V, DAVISON M, WILD J M, et al. Magneto reception
and its trigeminal mediation in the homing pigeon [J]. Nature, 2004,
432(7016): 508 — 511.

WHITEN A. Operant study of sun altitude and pigeon navigation [J].
Nature, 1972, 237(5355): 405 — 406.

DUAN H B, QIAO P X. Pigeon-inspired optimization: a new swar-
m intelligence optimizer for air robot path planning [J]. International
Journal of Intelligent Computing and Cybernetics, 2014, 7 (1): 24 —
37.

ZHANG S J, DUAN H B. Gaussian pigeon-inspired optimization ap-
proach to orbital spacecraft formation reconfiguration [J]. Chinese
Journal of Aeronautics, 2015, 28(1): 200 — 205.

LI C, DUAN H B. Target detection approach for UAVs via im-
proved pigeon-inspired optimization and edge potential function [J].
Aerospace Science and Technology, 2014, 39: 352 — 360.

NAGY M, AKOS Z, BIRO D, et al. Hierarchical group dynamics in
pigeon flocks [J]. Nature, 2010, 464(7290): 890 — 893.

NAGY M, VASARHELYI G, PETTIT B, et al. Context-dependent
hierarchies in pigeons [J]. Proceedings of the National Academy of
Sciences, 2013, 110(32): 13049 — 13054.

VICSEK T, CZIROK A, BEN-JACON E, et al. Novel type of phase
transition in a system of self-driven particles [J]. Physical Review Let-
ters, 1995, 75(6): 1226 — 1229.

GAZI V, PASSINO K M. Stability analysis of swarms [J]. IEEE
Transactions on Automatic Control, 2003, 48(4): 692 — 697.

KHATIB O. Real-time obstacle avoidance for manipulators and mo-
bile robots [J]. The International Journal of Robotics Research, 1986,
5(1): 90— 98.

3. Z P NS SR HIFIT T [D]. 08 b RO,
2007.

(YANG Yu. Research on formation and flocking control of multiple
robots [D]. Wuhan: Huazhong University of Science and Technology,
2007.)

WANG L, SHI H, CHU T. Flocking control of groups of mobile au-
tonomous agents via local feedback [C] //Proceedings of the 2005
IEEE International Symposium on Mediterrean Conference on Con-
trol and Automation. Limassol: IEEE, 2005: 441 — 446.

REN W. On constrained nonlinear tracking control of a small fixed-
wing UAV [J]. Journal of Intelligent and Robotic Systems, 2007,
48(4): 525 -537.

Ve R

BR4EgE  (1992-), Z, BEHTLA:, BBy ave T iiE
B il 5
BifiE
KT A B R

HHEVLI, E-mail: ghxmemory2013 @gmail.com;
(1976-), 5, WL, #d%, WLAI0, HATHTF 77 M %
TSN AE RS 4R BE 5, E-mail: hb

duan@buaa.edu.cn;

TLE

(1964-), 5, =, HIFL e, BlSBtil, HurmtsesmEdy

et AT AR B S Bl B AL 3 RATIEH, E-mail: michael
fan@yeah.net.



