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Abstract; This paper considers, we consider the method of combining singular weight
function with repulsive force for an improved Cucker-Samle model’ s collision-avoidance
problem, and prove that when the power of the repulsive force function me [1,2), as
long as the particles in the system do not collide at the initial moment, the flocking of the
system will occur unconditionally and the particles will not collide. Finally, numerical
simulation further verifies the correctness of the theoretical conclusion.

key words; collision-avoidance jenergy function ; Cuker-Samle model ;flocking

o AR A e HLAE Az SRS, Qs &%
BT AR 205 il A5 A AR AR LU R w JRUGE A2 1Y

=1

TE RS RER RIS Az B4 IRSERHARBIR R BRI A & A3 5E P

Yr#E B #9:2022-06-30
BEETR . HmHE ARRAIEETH H (202076003 ;20211130567 ) 3 M4 20 7T 550 H (20A425)
VEB B 2400 (1998—) , F Eﬁj&ﬁﬁﬁtﬁi F BN H L BE R TS KON 7 I A BT SE, E-mail ; mathg_

xinghaixu@ 163. com, * MIFVEH  XE 5 (1981—) B Rl [+ FENF S8 ek R G M ER LIS
KeJoi FH 5 T IR 5E E-mail ; math_lhliang@ 163. com

51



55 36 B2 6 W

AR E AR (A RBHERRD

2022 4F 12 A

— B ES T A B AR AR DT T Y
JYZVE, 01986 4F, C. W. Reynolds''' %5 Hi 4
P =A% 2R AR | HURE XS 55 R SR A0
1], 1995 4F, T. Viesek *) NGE 24 1 ffy BE @7 T
JEBEFR N Viesek SR ZI R4 7E1T R, 2007 4F,
F. Cucker 55 S. Smale | H138 15 PRECHE AR ] 19
MHEAE, 857 Cucker-Samle"® (LA F fij #& C-S)
BRRD | DA K75 T PR SR SR T R, RS T

dxl(t) = = ce
& =v(t),i=1,2,3,---,N,
dv K, N
TR N OEN O PICETSS
1A
(1)
Hirx, eR' 0, e R, (i=1,2,3,--- N) 43R

5B RRIRTE ¢ BT 2 H’JME%HEE,QD( )=
L/ (1+7)? HiBEARE K, AR, e,
ER SR T2 e WO, R
Mauro ) % & T8 REAAR E) A7 B 22 B A ZE A | IR45
P RGREEIE LRSI 78 43 55 A, Y. Z. Sun™ 4§
N & T REHLIE S T3 A5 O, 45 11 2458 15 PR AL
FELEIE N 5 H M 75 A HE A T 5 L e, SE AT 2R
SRS, 1. H. Shen'® $2 H AT S 90
TSRS IR T 7R 2L B oL T H %
B<1/2, ARG SR ETEAIMHERE, 5k C.
H.Li7 B HOR G000 A B, RRRE AR BT [R) RE Y &5
. H. L. Lin ™ %58 74 PRI R AR il it 51
55 REUIR RS Lipschitz ZEZEVERIIE R S
B BRI TR SEBEPE S, Y. Hal " 5] ACK: 7+ 1A] HE
JF 1,0 T Y R GG (E PR & 7E— e JE FlIN
RGP IR A= & AR, F. Cucker 5 .
G. Dong' "V 251 A4 7 pRBCRUR] FH BE B pR B0
UEW] T4 B<1 B, RGEIRFTC 5 H A mli 4 1Y)
W EERE . B>1 B, REEHI WA E ZE 0 2 — 1Y
SRMFBT A RE R TN T AR HE . FESIHD, J. AL Car-
villo" "7l FH 2 S5 3 1 PRIEL o(r)=1/r" K5
T, 15 3 o <2 BFSTE T4 S mlf 4 S

RIUZSH SR8, 16 ] M &, LI T
BiAY

dx.

0 ) i=1,2.3, 0,
dt

do,(t) K, &

ST Y e (- ) +

1,j#i

Zﬂ)@—m (2)

N
K,
N;

y
|

[ —x " =R

|| 2-m

flry) = lx —x
HAuMEIE A
(2,(0),v,(0)) = (2, ) , (3)

|- || R EE L, R & A8 R 2 i TR R B
K, K, JERN AT e H A

h T RGR B OTE e g L B R DA
FAEREE X,

B %T8>0,0(-) fE[8, + o) LTH
L) FE Ak mAEdE kg, A

5
[e()ds =+
0

ES B, (1), 0(0) 1L, BRE(2) ~ RS
(3) Wi, 224 LAY HL R B 2 AT 2544
lim [ v,(t) —v(t) | =0,

AF )i, €1,2,3, N,

sup () —x(0) | <+ e,

inf #|| x, () —x () | >0, (4)

0<t< +o0 ,i#]

WFRFLGE(2) ~ REE(3) M SR e e
1 i 2 S A7 AR E— 1k

KT UHIRGE(2) ~ REE(3) 2wl AFAE
PR, S22 5 3 B 1) — 350 Sk |3,

I () ,0(t) Y, RRE(Q2) ~ &
G (3)EXEI[0,T) M — " (0<T< o ), AB2XT
FiEEMe[0,7), %BTTIE?%?%&C%H x, fHif5

Sup o) I <
Gl
Jsup Nx(0) —x(0) | <«
UERA . S AE R PR AR
E(x,v)=
LS fu 1+ Ly 3 ) -
2 = N 4m D =

x(0) " =R, (5)
*’L%%éﬁ(z)ﬁ E(x,0)RKT 1 EI’J%EF%M%

dE(x,v) _ —
. z<v(t) (1)) P
NN ||x(t)—x(t) "
Z};‘ () —x,(e) I

—wuwWUW—E@m

ﬂuﬂ%WJ+JEEMUM%‘

|| (1) =) |
EAORON

1K‘
2Nﬁ




55 36 B2 6 W

A HFR 1 R0 7 Cucker-Smale A58 (1) 37 3T 6 il 428 45 7F

2022 4F 12 A

(1) = 5(1) (3, =) =
- S o) e =0 | <

SCHHARIEATAER) o A2 000 A PR AT REYE : 76 X [A]
[O, TTRLF AN AR , i nT LESH [0, 7], 5L
HAFAE 1y € (0, T]E— UK LRI, IR 2 ik e —

0, (6) FEAE HOCH R I [ 0,,) ARV FER ¢, 777,
ic 7 SRIGARIE T ME L A E— DR F S=1,2,3,---,
i=1 Mi=1 j#i LA S FoRX SR T IES, BIA

%(0) | - R S:=lie (1,23, N} | lim [ x,(t) = x,(2) | = 0},

NN E(x,0)fE1e[0,T) FAEMIAET A E(x,

i Hrp A£G ST RNESI>1, [N
D) SE(0). @A s
. K 12 PONENI A POENOIE
72 o ||2+N2im22<||x,-<t>— J2

x(1) | " = R)* < E(0),
WA EAHEERH C (1S sy 0.1 | <C.
AR sup | x,(0) =, (1) || <. HEHE

FEHRL B {x (1) ,0,(e) Y, ,i=1,2,3,
RRG(2) ~ RB(3) Wk, %Gmﬂw( )(Wi
FRABR ST T RRELf () B3R m e [ 1,2) ,#500ME
AHERERZ 1<i#j<N #HA v, =x, ARG
(2) ~&RG (3) e R —eiE g, AXHEE
I<i#j<N#H x,(0) = x,(¢) BAEEHARLT A

V() ||S=JZ lo,(t) —v(e) |2

FAIE 1 AT | V() 2 <2181 A | X(1) |2 <
2181°C*, H Cachy-Schwarz REEX AR
Cyx) 12 =3 00 - 5,0 (0 = 50 <

i,jes

JZ (1) = (1) | %
JZ lo(t) —v () | =

i,jeS

20X s 1VE) I so

e ol all
VEW] L TS0, AEENI RS (2) 20, 7] | J<ivio . @
(M. AR PG =0 BEFA AR

frE, HEGREALAE r=0 Aba 5, DRt Jmy s i —

%II V() |5 §5<v(t) - v(1) v,(8) = (1)) —2*;,5(1}0) = v(0) ,@(ry) (v (1) =0 (1)) =
o(ry) (v,(1) =v(1))) +2NIUE§%S<%U) = v(0) @ (ry) (v (1) =v(1)) -
@(ry) (0,(1) =v(1))) +2I]<\;ije%es<vi(t) = 0,(8) f(r) (0, (8) = x,(8)) =
J(ry) (0 () = x(0))) +21]<\;L_ -E%¢s<vi<t> = 0,(8) () (0, (1) = x,(2)) =
S (o (1) =x(0))): =], +’1J‘2q+AJ3 +J, (8)

ER RO AR s R i SO N W 3 | VS R s

2 w0 =0 ,e(n) (v, () —v()) = 3 (w,(1)

i,j,keS

- ”j(” o (r) (v(1) - ”k(t))> =

i,j,keS

*( 2 (o (1) =0,(2) () (0,(2) =, (£))) + Z (o(1) = (1) @(ry) (0(2) =0i(2)))) =

,;Sqo(rki)(vi(t) - v,(1)) (v, (1) - v(t))——f zk‘,égo(rh)(v(t) - 0,(1))7, (9)

53



55 36 B2 6 W

AR E AR (A RBHERRD

2022 4F 12 A

[Fi) B
Z vi(1) = v(t) ,o(ry) (v,(t) =

J.ke

v(1))) =

- LS o) (00 = (D)2 (10)

2 i,j,keS

WA= (9) F1=X (10) 155
Ji _272 @("k,)(”k(”

jAS

WA, EERMERE i,jeS, A
[ %(8) —x(e) || <
He( - )R, T2

1= =218 S o1 X1 ) (0 (1)) =

b(1))? (11)

1XC) Il s,

=20 81 (1K 1) 1V 12 =
261X 1) IV 13, (12)
St €, =151

SR T, HEATART. th e (-
FL(S) & Lipschitz %ﬁ,ﬁ
K
Jo=250 2 ) =) () (n(0) =

- (1)) +

(1)) = @(ry) (v,(1)

K
ZNI 2 <vi(t) _vj(t)a¢<rkj(yk(t) -

ijeSkeS

) T 2 AR

B0 +250 F ) - a0,

K
—o(r(v,()=v(1))))y =22 ¥ {v,(1)-

Ni,jes,kgs
Uj<t)’(¢<rk,j) _¢(rk,')(vk<t) _Uj(t)))> -

BT el ) ~u(0)" <

K,
ZN 2 (v, (1) -v,(1),(e(r,) -

@(ry) (v, (1) =v(1))) ) (13)
FEEBESIFLL P | 0,(2) —v;(2) | S2C, FF
PAH Cachy-Schwarz A5 2] 15
K
o <ACL®) o X loe) =u(o) | i) -

ijeSkgS

x(t) || <4CL(8)(N -1 S1) % X

J Y lx(1) () | J Y o) v () || =

ijes ijes

K
4CL(&) (N-IST) Nl FXC) Fs 1 VC) s =

4C, TXC) s TVQ) Ils, (14)

54

Hof €, =CL(5) (N-15D)" L.
Fol g, WO, R EX g, AT
_27 Z <1}k(t> _U(t) f(ﬁ)(x/l(t) -

K

% (1)) szﬁ_;sn v, (1) =v,(t) || X

I £Cr) (o() = x()) || <

K, I, () —x() | " - R
2 — X, -

AN LR
NOIEFIOETON szlfvz %, (1) -
2 () | "= R [ 2,(6) —x,(0) | " | wy(2) -
v(t) | <2(al + Rl ZkZS v, (1) -
v () | <2¢, V() | s, (15)

Hrp ) = («+R) ! %
J T RS, AT, SR £ () ) ik
e, MijeS, ke SHELA || x.(t) xk(t) (=
[8,x, ], B f(r(¢) ) J2 P IX 8] I 1Y 3% 2 R 5, IR
LR C,,C, A

I fCry) _f(rkj) I <C lr, T Ty l,
() 1| = €.
TR
R D RCORIONVESE
f<rk,><vk<t>—u,-<t>>>>+2% ¥ (oo -

i,jeS,ke¢S

(1) () (x(1) —x,(2))) <
K,
2 Y lw(e) =oo) I 1Ay (x,(0) =

i,jeS,ke¢S

L)1 +252 T e - | x

I (f(r) =f(r)) (0, (1) —x,(0)) | <
4x,C,(N - |S|)—22 v, (e) =o(t) || x
[ ,(2) —x,(0) |l <2€,4 I XC) (s V) Il s,

(16)
K,
Hirr Cj4=24xCC2(N—|S|)NO
Ber R (12) ~ K (16) WA
%II V() 5 <-2C o | X(t) II5) 1V(e) |5+

4C, 1 XC) s TVE) s +2€C, 1 VQ) s +



55 36 B2 6 W

A HFR 1 R0 7 Cucker-Smale A58 (1) 37 3T 6 il 428 45 7F

2022 4F 12 A

20, 1XC) s V) I so (17)
| V(O) || 470,k || V(¢) || 420, K2 (17) &
AR L2 | V() | ¢, AT

%II V() s <=CueC Il X)) 1) V) I +

20, 1 X(0) | s+ Cpy +C 1 X(2) 150 (18)
(7)) ,20(18) Al fb Ry

%II V() s <= CpeC I XC) 1) V) Il +

20, 1 X(0) | s+ Cpy +C 1 X(2) [l 50 (19)
B (19) AP0 B t(1e[0,1,)) B

1) I
V) s = 1veo) Il s < €, @(r)drC +
1X00) I 5

2, + ¢, [ 1X(r) | dr + [ €, dr,
0 0
By

I X(0) Ilg
—C, [ Te(ndr= V) Iy - V() |+

X Is
(26, + ) [ I1X) Iar+ [ ¢ dr (20)
BAR, A (20) WA A A i Ze i
lim — C JHYU) ”sgp(r)dr_

=g 1XC0) II's

—CJ] o(r)dr=+ o«

I XC0) II's

XWARF G, BILAE[0, T L A77E HofE—
TR, MR n] LI 3 855, HJEI]
ty—+oo A [ x,(1)=x,(1) || #0,i,je1,2,3,,
N,i#j, WEEE
2SRRI I

A2 WEM 2 MO ARG (2) ~ RE
(3) &I S hli f e S

WERH . FHERR 2 AT RGE(2) ~ RE(3) A7
DR, TR x(0) ,0,(0) Y,
Sl 1 B4 ﬂEEﬁT sup_ [ 2,(e)=x,(2) | <x,. £5
Tk R 2R
tljygo | v(t) —ov(t) || =0,i,j € 1,2,3,---,N,
BEIED] lim [ 2 2

Fo,(s) =w(s) | *ds,
Fﬂﬁfﬂﬁﬁ %IIE ’J PRI A
) —o(s) [I° <

12 e(ry) v

E(t) - £(0) (21)
EERE BB, @ AR AR, Xhat(21) ff
i

f Z<o<x>||v<>—v<>|| 0 <

E(O) - E(1t) < E(0) (22)
T it 285

2 2E(0)
v.(s) —v.(s ds < =4
L2 ) () 7 < 2O

BFATE S, [ 0.(0) (1) | 70, + )

i=1,y=1

E—BukgE, ROER 1, E X

PN EIOESTON &

vl =/ %
N EOTENS W HOEOIE
A V() 1 RET @ s
FILCINEN PR EOE
O =12 3 ) = (o,

v (1) —v(0)) | < || -2K, 12 ¢(

J=1
N

(@ =507 1 x 12 3

1j=1k=1

<UL(t) -

(1)) f(ry;) (x,(2) —x,-(t)))> I =<

2N@(x,) I V() II?

26,N || V(t) Il X(t) o (23)
EE%IIElT%H Z lo,.(e) =v,(0) |* AT,

ORI 2 lo,(e)=u(0) |7 FE[O, + o) F—

i=1,=
%L, H L Barbalat SIHS A lim || v, (¢) -
v (1) || =0,i,je{1,2,3,--- N}, IEE

3 PiESERETR S

T RIS = B HE BUR AR 1 PSR
T IEEA 8 A?ﬁ?lﬁ’]% TREIR R GE, &

R=2, KPR o (s )— ,/3 1, 2548 d=2,

il 1 i&kmzl.z,%ﬂtnfﬁz% AT IR -5,

5] BRI BEALEL , W1 bG 3 BE v, A7 T IX[A][ -5,
51 HIBENLELC, L dH Python ZUEBLHL, 15 2] K]

1~E4, mE L K2 /5 BT A X AR,
LTI R T — ﬁ,Eﬂﬁ?fﬂﬁETﬁﬁlﬁ%ﬁf»o
TEE 3, 4 tha] LB R e RO RS 22— 30
SR M RS 22 TE R T 0, R4 o fill 48 dr
SRRl BN NS T s S aae Sl

55



5 36 B4 6 4] AR E AR (A RBHERRD 2022 4% 12 H

1 1 1 1 1 1 1 1 1

0 25 50 75 100 125 150 17.5 20.0
A2

E1 HFHGHE

Fig.1 Displacement of particles

T Ev/(ms™)

1 1 1 1

3
st ) ¢/s

B2 MFHEE
Fig.2 Speed of the particles

0.5F

0.4r

0.2+

B/MLFEZE/m

0.1

2.5 50 7.5 10.0 125 150 17.5 20.0
i /s

B3 HWFHsNMIBE

Fig.3 Minimum displacement difference of particles

o fF—

B2 & m=1.8, WIENE v, fi T IX[E][ -5,
5] HASH R R BEDLEL, W1 HG 3 E v, A7 T X 8] -5,

56

STMBELE . WS ~ [ 8 BrR, kT2t — B
s 1) /5 2R T — 3, AR AL AS AN AR R ) ek
(iR 22 —BUR I, 2 Jry i B b7 ) /ML B 22
TERTF 0, T2 TCHE T ¥ ik SRR T SEBLY

5.50F |
525k |
5.00F |
475+ |
450

425F |

IR ALEE2E/m

400F | —
375 |/

1 1 1 1 1
0 25 50 75 100 125 150 17.5 20.0
I TRl /s

B4 HFRSRKABE

Fig.4 Maximum displacement difference of particles

I fikgy

BRI x
B5 RFHAE

Fig.5 Displacement of particles

HEV/(ms™)

4t

0 1 2 3 4 5 6
B TRl /s

Ee6 HFHIEE
Fig.6 Speed of the particles




5536 £ 6 1) FRDLESE . BR 1R BB 5 Cucker-Smale 4551 (1) 387 3T 4 il 428 45 FF

2022 4F 12 A

0261

0.24

022

020

0.18 |

/M /m

0.16

0.14

L 1 1 1 1 1

0 10 20 30 40 50
I 6] #/s

B7 HFHSRNMIBE

Fig.7 Minimum displacement difference of particles

45

40

35¢F

/M /m

3.0

25F

1 1 1 1 1 1
0 10 20 30 40 50
i TRJ#/s

B8 HMFHERAMBE

Fig.8 Maximum displacement difference of particles

4 45 #

AT 2298 R 1A 22 ¢ H il 3 A A AL T
FE, W HE )5 Ay S R B A T R Rk
B RE VA TR R K T RE A A B0 RIE 4R ) R A
AR T3 R B A AR TR, ) P RE H pR B0IE ]
PRS2 ) — B Bk S U Y — E0R Bk 124
EARKAERER RSO T, 28 ek R ge 28 i
PR AR, R T 2R BEIR R SRR ]
A AETC ML AT R oA B S PRR

S

[1] REYNOLDS C W. Flocks, herds and schools: A distributed
behavioral model [ C]//Proceedings of the 14th annual
conference on computer graphics and interactive tech-
niques. NewYork, United States ; Association for Computing
Machinery ,1987.25-37.

[2] VICSEK T,CZIROK A,BEN J E, et al. Novel type of

phase transition in a system of self-driven particles[ J].

Physical review letters,1995,75(6) :12-26.

[3] CUCKER F,SMALE S. Emergent behavior in flocks[ J].
IEEE transactions on automatic control, 2007 ,52 (5):
852-862.

[4] MAURO R. Cucker-Smale model with time delay[J].
Discrete & continuous dynamical systems,2022,42(5) .
2409-2432.

[5] ERBAN R, HASKOVEC J,SUN Y Z. A Cucker-Smale
model with noise and delay[ J]. SIAM journal on applied
mathematics ,2016,76(4) :1535-1557.

[6] SHEN J H. Cucker-Smale flocking under hierarchical
leadership[ J ]. SIAM journal on applied mathematics,
2007,68(3) :694-719.

[7] LI C H,YANG S Y. A new discrete Cucker-Smale flocking
model under hierarchical leadership[ J]. Discrete & contin-
uous dynamical systems B,2016,21(8) ;2587-2599.

[8] LIU H L, WANG X,LIU Y C,et al. On non-collision
flocking and line-shaped spatial configuration for a modified
singular Cucker-Smale model [ J]. Communications in non-
linear science and numerical simulation,2019,75 ;280-301.

[9] LIU H L, WANG X, LI X, et al. Finite-time flocking and
collision avoidance for second-order multi-agent systems
[J]. International journal of systems science, 2020, 51
(1) :102-115.

[10] XIAO Q Z,LIU H L,XU Z H,et al. On collision avoi-
ding fixed-time flocking with measurable diameter to a
Cucker-Smale-Type self-propelled particle model [ J ].
Complexity ,2020,2020(11) ;1-12.

[11] AHN S M, CHOI H, HA S Y, et al. On collision-
avoiding initial configurations to cucker-smale type floc-
king models[ J]. Communications in mathematical sci-
ences,2012,10(2) :625-643.

[12] PARK J,KIM H J,HA S Y. Cucker-Smale flocking with
inter-particle bonding forces[ J]. IEEE transactions on
automatic control ,2010,55(11) :2617-2623.

[13] CUCKER F,HUEPE C. Flocking with informed agents
[ J]. Mathematics in action,2008,1(1) :1-25.

[14] CUCKER F,DONG J G. Avoiding collisions in flocks
[J]. IEEE transactions on automatic control,2010,55
(5) :1238-1243.

[15] CUCKER F,DONG J G. A general collision-avoiding
flocking framework[ J]. IEEE transactions on automatic
control ,2011,56(5) :1124-1129.

[16] CARRILLO J A,CHOI Y P,MUCHA P B, et al. Sharp
conditions to avoid collisions in singular Cucker-Smale
interactions [ J |. Nonlinear analysis ; Real world applica-
tions 2017 ,37 .317-328.

[17] CARRILLO J A,CHOI Y P,SERGIO P P. A review on
attractive-repulsive hydrodynamics for consensus in col-
lective behavior[ J]. Analysis of pdes,2017,1;259-298.

[ 18] BARBALAT I. Systems equations differentielles oscioscil-
lations nonlinéairesl[ J ]. Revue roumaine de mathématique

pures et appliquées,1959,4(2) :267-270.

57



