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Abstract

In this paper, a quadrotor formation system with limited sensing ability is capable of moving un-
animously to form the desired circular formation only using the position information of the target
center of the circle and the neighboring quadrotors. By employing a method of decoupling control
based on limit-cycle, the spatial circle formation is decoupled into three sub-problems: height
control, circular convergence, and hovering together with the spacing distribution. Then a distri-
buted controller composed of height control, circular convergence control, and spacing distribu-
tion control is designed to drive the quadrotors to form a circle in the space. This controller has
the collision-avoidance among the quadrotors under consideration as well. It can constitute the
desired circular distribution of relative position at the designated height and hold the desired
formation when the quadrotors fly around the target. Lastly, the effectiveness of the control law is
verified by simulations and experiments.

Keywords

Spatial Circle Formation, Finite-Time Control, Limit Cycle, Distributed Control Law, Formation
Collision-Avoidance

~

TR BREF RO M e 3 22 (8] [BI i dmBA A 1

w5, OB, ERR, RRR

MR T RS, L7 MR
Email: “ccx5281@njust.edu.cn

ks H . 2020F4 A 15H; FHBEM: 202085 H7H; KA HM: 202045514 H

CESEE .

SCESI M AR, i, AR, SRWE. ST RBRIFA DY fie 3 A 8] g AR ). 300 RGeS e, 2020, 9(3):
139-151. DOI: 10.12677/dsc.2020.93013


http://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2020.93013
https://doi.org/10.12677/dsc.2020.93013
http://www.hanspub.org

(A

m =

ACHI A BiRE QAR URROAZER S, BRAZRA N REMN RS, EZRFHTES B
HmBNEF, TERSHER ERMmMBABNE . B Bt — M TARFREA RIS T, R R R
il B A A R BE VR R, T e vt — b e e B[R TR T SR ol A0 ) B A R 42 o LA ) 2
fkiEnlat, W RMN, BREMERSA T, ZEHHER T WUHRR 2 ) f#n &, feE
FRE B ABEEERE, BRBENEBANES S, HRFWE, BRERERT. &E, @
Pi BEASERRAE T 2T Tk iR Rtk

KA
A ERHN, HRAE RS, R, AR, RO

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|

VU @ 382 4 BATE SR SS 3000 o AT 55 i1 2 55 S B B FH R R LRI 1], S BAAE DA 25 T B 2 VR TE e 35
ERPERE 2668 S5 TH B B R [2], JTAER, RIS KR DU 3 g A B R R T SRR, dndT
DNFEHINE[B] AT ER Bl i [4] R0 2 T R AL 5 M [S] 4 BA 75 1% . DY e 38 4 BA 2 1] — ek 4 U il 6], 43
BRI 7R 23 A A% [8]HEAT A5 BAC B 7E /0 AT NG A F il b, R T DU e 38 4 BA IR0 AH ELA FH R4 $h 45
1, 25U e K BESRBGT 2 AR5 B, X 75 B 7 sUR R Ay vk i

[T G BN A2 2 A28 1) (0 1 LB 2 — o AR, RS LER T E WA 2 538 G [9]. Bl
[F AR () K FE[10], K& AT I8 R [11] 9704 XAz il B 9 A BE € 1 Al Flocchini [12]42 H 1 7E15]
TE b8 3 51 o A g BN ) 7« FIR[1315 08 T AEIRTE 1TV A S8 B A A B 4 An, R AR 1 2 R
gy th 1 AEAT RIS TB] N I g Az ] o SC[14]3E— 0 % 18 T 29 RN Nig3l, $eih I AZ . Bl pIdh s
Hilo BRI, XU T 45 SR AR 2R 178 15 i — 4 25 1R R A 3

o T 4 ST i R 4 A2 1), X Défago F1 A Konagaya [11]45 H e 51 7 2 A il 5543 i s SR 35
B3 AT AT 10 352 90 SR AR P Ak s o) B9 o R R3ERE b, SCIASTRRH 1 — 3t T AR SR IR (Al 8 117
%, BEMERE ST L f [ G A 1) R AR RS A B AR B A AT EE R R, 9o LT TV SR ANAR SR 4 o A7 X
P48 .

SR, 23 A4 H°F T b 1) — 20 2 MLAS AT b T R 5 T2 4 A A0 2 e AR SR A 2 i [a) . Gl o
PRI A (R, 1 L RES 784G BRI 1) P 52 A, SC[161KF Lyapunov BR %5 (1 A 1 5 %8 5 I a] BBk ke ok,
Bk T — T R0 BRI 1) g A G, AR S DY e 38 2 ] [0 7 g A 42 ) 25 (0 e v 44t T ek R g
A SCIE 7843 % FE VY e AT 25 Ja) rp HARARAN, SETTIRERL I A%, fRAIE 22 DU e 38 E T B4 BA A A R 54
T filf A

AICHINEZHI N o 58 0 23 A DU e 3 R b AT @0, 2 B aR T VIR A A . RGUB A
SR B AT o B8 =7 JEAT DY Jie 38 2 1] [ 712 Gt A A% 1) 88 1 1h o 58 DY 0 5% BT T2 U 0 8 o 4 a3k AT 5018 17 35
FSEIGIOIE, T2 UE B 1 iss v 2 A [ 1 G A28 1) 25 (00 A 2801 A5 PR [) T2 Fs 30 T A A e el e ) AR

DOI: 10.12677/dsc.2020.93013 140 B 1RG5


https://doi.org/10.12677/dsc.2020.93013
http://creativecommons.org/licenses/by/4.0/

R

2. MiEREER

5 E B P S B R RE S 2 i, A BT — N IO R R g AR . oG, 5l DU e 3R A
WA, AR SHE S SIS UL AR AR WO AR SRA R 40 DU e 3 AR e A R 4 A1 2 ) LA K
BABATE o

2.1, MnERHFER

Figure 1. Schematic diagram of type X quadrotor
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Table 1. Parameters and their description
=1 BHRHEEX

SR, P il

G TR R 2.08 x 10°° (N/rad/s)
& e FEIH 71 R 2.72 x 10°® (N/rad/s)
I, PUie e x L 15 = 1.14 x 102 (kg'm?)
I VUlE 3 g y HhEE B 15 B 1.14 x 1072 (kg:m?)
I, Pie 58 z it E 1.58 x 102 (kg'm?)
m VU e 38 1) A 350 (g)

I DY Jie 3857 0 B e et 2 120 (mm)

g 2508 85 (119°E, 32°N) T Jy skt /& 9.8 (m/s?)

7, =x/§CT|(—a)f +@l + b —a)f)/Z
ry=x/§Cr|(a)lz—a)zz+a)32—wf)/2 (1)

2 2 2 2
T, :CD(+a)1 + w, — o, —a)4)

DOI: 10.12677/dsc.2020.93013 141 B 1RG5


https://doi.org/10.12677/dsc.2020.93013

(A

Hrb, o, (1=1,2,3,4) N5 i SHPLEE.
— B, AR, B R, =C (wf + @l + ! +w§) VAR B T, DA e 3 e il AL
MR oy = -0 — 0, + 0y + @, » FIFUTT BB 171405 2:
%, = Fyyn (cOs@sin @ cosy +sin psiny ) /m
yi. = Fy (COs@sin @siny +sinpcosy ) /m
7, =F,,, cospcosd/m—g
p=(1,-1,)00 /1, +7, /1, )
6=1,-1,)py /1, +7,/1,
i =(1,-1,)90/1,+7,/1,
Hivg . 0. y AVUERKIBGRA . DA A RATH
M T A SORAE BA — € i BRI _Eoof DU g Ak AT CL B4 ), 24 [ B 4 DA B f i 8 1 H SR A
FIBRINIEE % Ay, Jo, BT RS, TR UAR R B AR S SRR A o A1 6, T2 6] 00 e B R4t

RPN IEE) .
13 3 R AR FR 2R T BTN FE &, A1, B o LA AR bR 28 BRI FE %, A1 ¥, o

HiES=H
Yo | [siny cosy ]| ¥
2. 203 ARMFHLAARAADE 22 T B HFRERRL A @ A1 6 a2k 4:

{gp = arctan (—(%, cosy + ¥, siny ) /g)

4
0 =arctan (%, siny + §, cosy )cosp/g ) 4)

B, CREIE I ) 25 DU e R AL S @ AN 0, 753 DU e 3 AR € L AT, 3E T3 210 09 e AR K
M AR R 2R T AR 2 18] 7 20 A A BB 25 1

2.2. RGRAWRIMNE AR

T UL DU RESRACABE, TR S AD e 3R R G00 BRF 44 BL A JE f

A HE RS ISR, DU 3 A e R e 5 B S R, 01 2 R T
AP UER a R b, G SCRIASPURE R 1] B 22 4 BB 0 R, EIDUER a A b S R BB
WESLBETS, T LB p, - py||> Ry« B UGB GRABERI R, , BD4 R <|p, - p,| <R, B,
AT G R

Figure 2. (a) Minimum safety distance; (b) Collision avoidance distance
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Figure 4. Top view of topological structure
information perceptible by each quadrotor
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Figure 5. (a) Space formation trajectory; (b) Top view of quadrotor space trajectory and ex-
pected formation description
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Figure 6. Block diagram of the quadrotors space circular formation controller
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Figure 7. For parameter « =1, =0, the simulation diagram is formed by the asymptotic distribution of circular relative
positions without avoiding collision
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Figure 8. For parameter « =1, 8 =200, the simulation diagram is formed by the asymptotic distribution of circular relative
positions and avoiding collision
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Figure 9. For parameter « =0.1, =200, the simulation diagram is formed by circular relative positions and avoiding col-
lision in limited time
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Figure 10. Actual flight rendering
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Figure 11. The actual flight data record graph formed by the asymptotic distribution of circular relative position
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Figure 12. The actual flight data record graph formed in a finite time by the circular relative position distribution
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