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Abstract

Based on the study of flocking of self-organizing system, combining graphs realization, differential
equation dynamics and stability theory, this paper constructs a dynamic model of multi-agent
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system formation control flocking in three-dimensional space. First, based on the graph realiza-
tion theory, the interaction relationship between the agents and the expected distance, the local
control law is constructed for the agents. Then, the lyapunov function for the system is con-
structed. When the initial position and initial velocity of the agent are randomly generated, we
prove that the system will always be formed in the desired formation. The system eventually
achieves the stability of the swarming motility with desired formation, that is, the movement
speed is the same, the direction is the same. The stability analysis is proved by the Lyapunov’s
second method. Finally, three expected formations of different configurations are given and simu-
lated to verify the theoretical proof.

Keywords

Three-Dimensional Space, Multi-Agent System, Flocking, Formation Control

Copyright © 2021 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. 51§

FEARAT 2 AR TR R 47y, AR R SR, MBEBHAIT A, BB DM ER . B
PR SLRIHCARZ B S IR LSRRI, TEIR AT, S22 T AT 2 00, R I 7 e v 4
(93BT LA 9T 1] SRR RTHRACHF AR B AL ZUT S, BB SRSl i i R R A58 A5 S0 &7 R (0 A A
FARU LI TE AR BIA RS TEAR  — MR I R R . PSRRI S AT A T A AT DARR 4 3 A 7E
MU B LA B AR T EREAT N, EEE. BiR. Tl BRIRZESAPUREEAT T2 BN A 5
[2] [3] [4] [5] [6]-

TEVIFEREIL R DU SR DR S 50N, ARSI % CA M T ot . &5,
AW SR N A T R T T B S IIEARAT R, IR T — 3 T R /5| DR BB SE AR Y [ 7] %
H, AR T B SR E R EAUBLTL8] [9]. BT =4EE UL R, 2B, X =50, X =
ANFN ) B A4S BT MR ERTE Rl — N A Hh A 3l T8k S il 48 4 R BIE me B M RN E 30 7 1), 2Ttk
ARSI BEIZ B T LB E, B ERR SRR IR SR nT HE RS S - PRRE A SRR,
Hp— AR S, A RIENE =, T8RS B BE 3% [10] .

1995 4F Vicsek [11]55F NHH T — AR 1 SRR B B3 I 2458, B AN R g0 55 B
AN LAR FEAN AT B R 1 5 S P B ARME, TN E SR S HIA R 8, T MALLHF
(V33 P AT SEBEE BN . JERIUE B AT A Viesek AL S TR TH AU RL 1) — FhRE R 1 00 o

HARRGER S IR, ESCIUEE RS MR, Dy T SEEU AT A A 2 18] A X B 247 1A
F1, 2003 4F, Tanner il Jadbabie [12]-[171F]H 4 pA % LA K AR o 5 Z2 i3 1 sl %, e A Ew
HIR, GRS E B AR BB AN R, DA EERE, ARIEFA R AR, SCELMAE B Y
W LR B G SRR R 1) T7 AT SR8 . B, WAL X R kAT 1 ot KR s F b )
THEZE T BRI RS, TR, (EA T 53R, R SR 7 A SR R
GUIZNRE, LRSI FEAR R AL B 25 A AR RAS . 2006 4, T DL RAEHHSAY, Cucker A1 Smale
[L21%F FLHEAT 1 SO AL &, $RH TSR R 2 AR REIZ BN AL, Cucker-Smale ZERFIRAY, 1457 DL
FEXFFF B, BINT DAMRAERA B B AR 1M B2, DA T AN A 2 1] 1 PR 25 DL BT A4

DOI: 10.12677/aam.2021.1012459 4321 A H ik


https://doi.org/10.12677/aam.2021.1012459
http://creativecommons.org/licenses/by/4.0/

HAE, AR

HOTERE, ARG B — AR IR, B AERE— M A B A 5, BT A i —
5.

2013 4, Maidens 11 Michael Li [18]3Z C-S #&%4 LL Jz Tanner $& t (1) 54 il 26 1 f5 &, M 1 AR
P B RIS T LA S R SR FRE P J2 TR RO 02 2 80 Bl S AR et AP TR, i 2
T IRBE I, ST RE AT, ARG T P LI 5, AT LRI RE

LR R G A BHE S R LA R T R, E3lo TP T RN IO I . 4SO b
RUONIERE, B SIARBEBI0ES, @ T AASRG T R E 0 R, I
4 2y B AL, BTN, S R A0 34 bR MK B P R %, SRELITE A ) S 2
ORIF, HOMERSE Lyapunov BEC, UEIRER (R E Pk LR S BAFS I T SEBUME . R, I MATLAB
HEAT A BT H 5
2. 1RAIEN

B N ARG, 55§ AME ARG BRI N r = (X, y,2) e R v = 1/=(v, v, v, ) e R . R
RSB B0 1 N

PR 1<i<N .,

Horre up 2R REAR 1 52 2 HoAh B ReAARE SV H 0 B AL I B

455 N ANEREART) B brgm ARG Y, B TSR G Be, B SCHR[19] [20] w0 &1, X TAE = S EE S
PARRL, #AFZE—ANITER 483K G ={V (G),E(G)} J« G 7E R® LIS p, {153

@ V(G):{rl'rzn'“,rm}:{(Xvyl,21)’(X2'y2122)""'(XN'yN'ZN)}‘

) E(G)={eil‘h,eiz,jz,-~,eiL,jL}:

Hopre {ip iy, f {2, NV (g oo i < {L2,- N}, Hide | € E(G) MK, | = -1, |-
ke{1,2,---,L}o
PR IE G X LSRR R Ay SBUE AT R RS By 20934«
0o - ali alN 0o - d:i di:N
AA=la - 0 - a'| Bg= difl T D d:N .
ay - aL e 0 d:l,l d;,i e 0

Hifrg) =10r0, o =1FFEREIK TS | ZRFEMEER T, Bl e =0; Ha) =18, d, >0E&FR
AR5 j 2RI o) =0 (VAR 15 j ZIMAEAERELAER J1), Md] =0.
NSV RER Z IR A AR R, R R BN TH R R,

P=Y R,
=
Hor, SRR DR B E o) = |n | v EAERERY, L3 R MO R PR [15]
(1) #d) >08f, PI(d))>om;
(2) R BEM A j Z I BE B ORI, B B ME— R M E .
MRAE S R EITE BT, e RO

DOI: 10.12677/aam.2021.1012459 4322 IR Esid


https://doi.org/10.12677/aam.2021.1012459

HAE, AR

Ee RS e SPawE

u =-V,P ‘i“ij (vi —vj) .

i1
J#i
FULTTA L, %50 A RS S \E BIE BEE B3 1) 2
=V
vi':—Vr_Pi—ZN:aij(vi—vj)’ 1<is<N (2.1)
=
J#i

Hr, o) €Ay, d,eBge
3. TR MIERR

EE 1 ZEAE RS (2.0 TEATRIVHANLE SVIHEEE T, RE0M(n().v (1))
TP RS —, B

R

(1) BRI E SR L: lim|r (8)-r, (t)] <o

(2) FREIRIE R RS, B v =y

Bl A% il B 5 «

(1) BhEARIREE BB, B lim|n (6) - (t)] =} 5

(2) BRERIDE LK B Bl: v, =v;;

(3) HEHP (1<i<N)LH|fME-

{FBH: W RS Lyapunov EECH:

|, BRI SR

i=1,

V= i cV, (3.2)

i=1

Hop, ¢ BUEEIER % p, V, N5 | NEEERRT Lyapunov bR %

N . .
-3l
ji

SAR, VREIEERE. @2 ks, 5.
N ! N

V’:(vai) =2 P ViR Vit ]
i=1 i=1

IR E 22 -

N N
V,ZP{VH B-vi+V, '[Vr, R-2a (Vi —V )H °

i=1 i=t

J#

DOI: 10.12677/aam.2021.1012459 4323 IR Esid


https://doi.org/10.12677/aam.2021.1012459

HAE, AR

(R =3 (4 =00+ () - (1) @Y st ev @) @3)

WA SCRRIL8TFT 1, (3.3) 7 R IEH A4, W5V <0, HHMNY Y, =v,,i= jIf, F5ML. FILR
GIRIE IS EI R THE{(rv) v = =V | -
E ERAETHESR, BTy =y, KRB ==V =v, WH ) +(y) +(z) =¢, wiztx:

/%3;:
% X ==Y Vi -4 (34)
- ) N v v
me:wﬁﬁﬁcai,ﬁﬁﬁizé,ﬁ%ﬁipg:ii%ﬁco,%z
Vi Y, y; dt X (XI)
ﬁ:ﬁ’ X-Vi=VYi %, (3.5)
Yi Vi
(3.4) (3.5) R M L5
Aeh B3 (36)
Yi X Yi %
m?@&ﬁﬁ@ﬂﬁ:%=%,%@ﬁ%AﬁB@ﬁ¢@=
N V44
yl XI yl XI

R ¥, 3 (%) +(3,) +(z) =0. WH: v/=0.
S, B v, =v,,
v/ =-V_P —iaij (vi —vj):—Vr P=0.
N |
EHEMHRBORT: B'=V P-v =0,
TR =Y alRl, Hf:
j=1

J#i

DOI: 10.12677/aam.2021.1012459 4324 IR Esid


https://doi.org/10.12677/aam.2021.1012459

HAE, AR

N . .
=>a'V.R'=0

j=1
J#i

v, P E AR
SYEIRAZER KU A, WV, B ERE,

(ri (t).Vi (t)) converges to Vripij _{aPJ (j;zjj 0}

Hi: R R R B AL, XV, R =0, B4

A GRS i A= H R IR
i _(or’ oR’ oR/
V.R'= FirEh:
I [ ayl i j
o' _oR' ad! OB’ _oR' od/ 0 op’  opP/ adﬁzzo

ox, odl ox oy, od) oy, | oz, od) o

MRy, Rk AR LR, B x o= x . W
R _
ad)

BIFEANAR 72 rh 35 B 20 P, HUAS B /IMEL

B SR IMERS, BREARIEEEH 2 v, = v, » VIlEV' =
W, %”ﬁEWlEﬂE’JME%/?’@%F)T?Aﬁﬁﬁﬂéﬁﬁ)\ i —E

MRS AEREHLU™ A, WV, PRI,

(£ (04 (1) convergesto v, [H [WJH

RGBS S B R AR RAS, BRI, R RE A (0 A P A«

Iim"ri t)—rj(t)||<oo, v=v,, i=12- N

t—ooo

0. JF H A BEAA IR R B8 5% R0 /2 45 7€ 1

’ {(r. (0).v(0))

4. BUEMR
AT ES N = 4,6 I (192 B R i R Geb AT BUE 0 B e
EEH ANERENZE ARG T, K 12 RGN EMIRER, BUETREN B, W& IE
AR, P 1(b)A t =0 W2 YA R A =4k 23 8] o RENL £ AT A L BRI ARE R, 1 1(c)
e BN TA] 2 Jim 2R e 01 B2 4 BN CAAR (R L AT SR I sh iR i B &) 1(d) A AR I B ] 22 Py B e Ak 1)
PRI DL, MR IRATATELE =400 /245, RGITIEHEIEL.
0 555

5 _ 5
¢ 5
0

o o1 o
o1 o1 O
o1 o o

fEEH 6 MR Z B RIA RS T, K 2(0)2 RN EMIREIE, BUELTRER By M2

DOI: 10.12677/aam.2021.1012459 4325 IR Esid


https://doi.org/10.12677/aam.2021.1012459

HAE, AR

FEBAERE, P 2(b) A& t = 0 B ZI/NAN B BRI AE = 4k 23 [a] o BEN L AL T UG AL B AN UG, 1 2(c) 2 — B
W) 2 5 R G 28 2 A DUAH R 3 EE BE AT R e sl s 2 1A 2(d) /& 75X B[] 2 P 8 B A 8] P 5 )
SN, MEHIRATATLLE S, t=1500 &£, ZREITIEHHTUST.

(c) t=500 Position

5505

5250

5248 X
y

* pl
. p2
= p3
Vv p4

(b) t=0 Initial Position %* pl
° p2

lp3

i v p4

(d) Varying of the distance

30

— d12 ||
— d13
di4
— d23 ]
— d24
d34

20

distance

\\\\
TN

——

200 300 400

time

0 100 500

Figure 1. (a) The expected formation; (b) The initial positions and speeds; (c) positions and speeds when t = 500; (d) varying

of the distance between different agents

E 1 (a) INMEEEFIEAZRIRER; (b) t=0BEIFNIERIZIE; () t=500 AL ERE; (d) EEELE

(a)

(b) t=0 Initial Position % pl
. p2
A s p3
15 v p4
= pS
N 10 po
e
5
¥ v
15 *
10 15
5 10
y X

DOI: 10.12677/aam.2021.1012459

4326 IR Esid


https://doi.org/10.12677/aam.2021.1012459

HAE, AR

(c) t=4000 Position

(d) Varying of the distance

<10 * pl
[ ] p2
-1.4836) AN = p3
o -lasd N v o s
-1.4844. .
o P> 2
14912 \®5e p6 B
- kS
- 104
-1.4914 \ ™ \A———
x104 \
-1.4916
-1.4918 4881.48-81.488 5t : . ‘
X -1,488'1'48814 «10* 0 1000 2000 3000 2000
Y time

Figure 2. (a) The expected formation; (b) The initial positions and speeds; (c) positions and speeds when t = 4000; (d) vary-

ing of the distance between different agents
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Figure 3. (a) The expected formation; (b) The initial positions and speeds; (c) positions and speeds when t = 6000; (d) vary-
ing of the distance between different agents.
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