2020 4F 12 H
5538 B 6 A

Journal of Northwestern Polytechnical University

Podb Tk K2 % Dec. 2020

Vol.38 No.6

https://doi.org/10.1051/ jnwpu/20203861139

ETHRMNE—ZENBEBHSE R
SHANAERRE

EVRA, LR TRIEA, ERAR

(PEAL Tl R2: MLR2EBE, BEPE VE%E 710072)

B OE. RSN P A EB S RANEA T @ FIAT B ARG E AR, T AR KR
B B AT P A B SR SR E A, 3R T — AP T A TR AT 1) — SOk A A B B3
EFhik, BABECRALNEFAERA LR LGB Z IR A AT S H K-SR B
A7 RAZ R WpUAL 52 BLAT A5 ) 64 A 7R 2 5 a8t SN BT 2 VT 838 3 Rk F P 2R & 4 vl b ok M S0
HA AR RS, AT K KR H T 4B S E0 R E, HALREN BB H X IR TAH

HEILS A AR B 0 ek B3R E

*x #
hE %S .TP273 MERFR SRS A

Z B et A S B A A 2 2 A4 i Sl )
R Z — Iz N T 2R TN R G 1A A
BMEAT S, 2 I ABLE R it 2 S b [
HilFD AT RS R 2 S B 4 X
WERD A, e TS, A BB O£
BREAR M ZA T ) SE B H AR B DR A B, AT LA
RUCHRE 1 Ty LA A M SR ) DR B 9 2 A RE AR Y
D E A LA A BRSO R A N A5

BT, A A D E X O F A B T T —
SERREERIBESE . SCHR[ 3] DA 22 B 5 58 SR 0 5 %oF
Gt T AT S Y A R PR T R B
T B AE —HH 1 5 A B Mok £ BE S ARG
FlFTd, SCHR 715X B 2 F etk 2 48, R A
- PR A — O, ST 25 R A He R EE ) A
X7 B FURR G R 2 X B A 9 A BB ER R o, Sk
[ 814Xt A AL L hpias W H sh 1124 i 28 ek &
gt T T A SRR D RE 1 BN R A R (A5 2
REVRRE LAZ5 2 AR 7 B S BT H AR5 R, Sk
(95X Z 7K T W A s Xt B As 19 B AT 55, >R F B
(B 5% G ML AT AT 55 0 L , FF 11 AH I (9 T 6 )

%5 B #5:2020-01-10

B 5% AR PR A B A TRA R — Bkk B B 45 4
ME4{S:1000-2758(2020) 06-1139-07

S I T B AR N R AR L SR, 2
B REM bR Bl TR R AT LRI 23O 2 Ak S Y
[FIRE  — A S B PR B PR O — DR E S
Lt LA S A K 22 0 R A S 51 3008 1 9 A R A
BT B BB FE R AT L Y, H TG TR
A FE ] TRt ) B7F 7 Kk 22 S 4R P AR s — 4> 1 [l
b RSO L TR A B B R] [ R R AT
W

ARSCE s B PSR 3  ()A hy #L£67 5] |
i P D, R 2 T 2 iR — B B i3t
T 1) L B A R PR, S T A
i A FEH B A2 2] s B RIS P iy —
S LB BB RGBT ] (N2 I RS (B
HAHZ s st (InbMEikiz 28 AR5 , —
JCHR SR AR AT BRI 5] A PR 5 B S
DL R 2Re T2 S S 42 ) S BHAT B IR TRD WAL S B9 07 12 A
[) A2 3CHR [ 11 ] 5k iR A, 4R T —Fh g
X 5 AT 18] 28 G0 A Ak A2 ] 80 394 45 S, RE P 3 R 40
AR ST P T 28 WS A0 8 Sy 2 5 AT BIR IS TRT UL B
MRS T 5 LS ARCR

BEE£ B i B4 4 (20180753007 ) #EB)

PEE B FW (1989—) , PUAL Tl KA R A, 220 A B[R] il & 5 Pl



- 1140 - Wodb T ok ok

38 %

1 FESEBE M
1.1 )R
FEAE—A RS R B JC AT 223 [a] AL b
SHAE n A ERSERIKQ,iel, = 11,2, ,n]
F—AHErS 0, anE 1 s, B s B4 AR DL
HAr IR i A A R A S5 1 B bR
BRTEIEAP R A o A A RIS ER T (2
BReAXT H AR 1y ARG [ s e A & H¥ 5] 40 BrE
iR L SR e o — 2 S 5| SC 2 se AR X H bR
G Hl

o

Qi Qi+l

B 2 RO B A H AR

RBO TAE MR BEIA Q,, #FAEE L A B 45717
1) A I A FAH X H AR s i 5 0 1 g, , I AR
i 2R IR R G 5 M 4% G IS AR B REIAR
(4 Q,_, 1 Q,,,) SRR fAfER ., AXHH
gl 2 2 T A R A5 B sS4, et 43 A =4 il
W, LASEER A B S A PRI I 24050 FL
1.2 [EBER

A B 3850 o Wi e P Lt gl LA
SR LA P 11 2 S B T, AP A PR A ) R
AR LA H AR A rpo 19 B (ED D) R A
P AR, AnE] 2 s o AR — et 2% TEiZ R
ELR, B 2 BER I AR T f , RT LAR E
G FEAAER AR aa A&, A BS54 8%
[ L, SR 58 B T 280 R IR0 & s

B2 5 REIRG B LA ELAR O i I A8
25 5 Bl V0 2 ) T ) 2 O XA B A T e
wmr

x;(k) = cosq,(k)

(k) = sing,(k)

s q, (k) ARRSE b ADETRRRIK Q, WG A L

5 (x,y,) G E A RALE &by HUTED K,
BT 23 A AR i PR

TG SCrR AR BT SR 8 O A Fi BR A TR R
B T5 LA RN AT 9 5 A

-m < q(0) <q,(0) < -
<gu1(0) < g,(0) <m (2)

HRIEA(2) K g, WALBEEN ¢,y q, B2
J&R q (RN q, BIZE4RTE R g, ,q, WA <R )G
q,) o PG 2, CABEAAIE d, W WETREIR Q, 1Y
ZeRBIE Q- Wiy 1] BV e A Q, Z 8] 1R N
PR SRR d, THEE AR

q,(k) —q,., (k) , 2$'l$n (3)
q.(k) —q,(k) +2m i=1

M AR d.(i=1,2,,n) #RFIZERT,
s W= D o I =19 e - M S o O S o
A PR S L 1 ] A ) A A Sy 1 4R
T d.(i=1,2,-,n) B—BAERE,

LI 20T, 1 d,y, —d, | ROV T RRENR Q, %)
HTHE R 2247 4B 8 2Z IR X — B [ R ) 5 e P i
ML AR ARG B R IR A 2 2 4 2
HOE U Z R e R R G n A A s Bk

T(k)=I d, (k) —d,(k) ]+ 2 | d,(k) —d,_,(k) I

(4)

q(k+1)=q,(k) +7+u,(k)
(1)

di(k) =



%6

EUIA 2 5 T BRI 8] — P 9 [ 288 3 28 REIR A1 UG LA R

- 1141 -

AR, T(k) = 0; AN REL T(k) BN, 3
TN REARAE R LA o3 A B 5T 5 2 T(k) = O B T
AR BN e 2 S b AR R L, B R OR AR
S5k BT AR AR PR w, (k) (i = 1,2,-++,n),
AT s A SR T (k) FEA BRI RN &I 7%

2 samEHEET

R A SR B oA A PR

c(di (k) —di(k)) ,1sisn-1
u, (k)=
- (d(k) —d,(k)) ,i=n

N> N

(5)
A, KOy rlAsE 45
AN ahie, HAEWR7E T — 14 i,
RV 24 [ R TS 45 K A EAD K 7 I 2
0 < 7K < 1, o0 A KAl sl (5) WAEHTE,
AR B (k) Kbl S %
N T EBAEAT B E A BRI ] 77 sy, it
s | ANGE R BT B E s o B R PN ) € A
LAEHIPIL(5) a5 K 09K/ 52 BUA B A ] i
S, IR AT R K (k) BERSTR] «(R) HOAZfEITR
e

K(k) = T —t(k)

(B =(-7) T
.

0<i(k) <(1-7)-T"

(6)

RPRIE(6) RAEF = LA B, HE T > 0,0
<71 <1,

4 (5) A e T PG 45 K B (6) Zfaf
AR AT R 55 K (k) , BPATSC L S5 A0 Rk T (k)
FEFE 2 B A BRI 77 s B %

T UL 2, 7ESEBR I R Y, R B AR Q, TAR
it F B 0 o f B S 1% 408 R R R AR B0 U
Biff DA s IR ARAE A (2) HIWH A
BT i 2w T 1), inf, 12,3, ,n =1} FPEyup
—Ff, SR JE AT A2 (3) F(5) AR S =
w, (k) WK/, BRI, 8 SEBR R FH I, AN 75 22 Ak Hh
SRR BC AR, AU, T EE R ] P
—FhoE A oA KA H P

3 WsiEs

AT 4 TR 8 A3 A = ] RS I S
W], ESEUEMIZERE RPN (5) DA 8 vl P83 4% K
MFEFR , R R G BA Wb SR 5 SR 5 43T 5|
ABHAE AT JE I 35 K(k) J5, W RGO e 8 A R
B 1] P ALK
3.1 U SUE S

TEFFIRTERA Z /1, Je 2 B — AN Re 51 3,

5131 XTI P e R WA FF
fR A — TG AR T HLAT AN R 1, DRI 6
B BEWUERE AEEPL, =1, H P* A3 — L
T, A BEVUERE Pt f oo 2R AEZ HHS R i 38
TEHRFINEEE 0, J00 Bk 12 B AL B4 2l J] 3 RnAS ]
P (SIA) 19, HA limP" = 1y

LR SEERT

1) M2<i<n- 10, HAK) (3).(5) A
&
di<k +1) Z%(k +1) - ‘Ii—l(k +1)=

q(k) + 7 u(k) —q_ (k) —7-u_ (k)=
d(k) +7u(k) -7 u_ (k)=

T

K ) - ) -

d,(k) + 5

R0 = () =

7K 7K
(1 =7K) - d,(k) + 5 d,, (k) + 5 d;,_, (k)

(7)
2) Mi=104
d(k+1)=q(k+1) —q(k+1) +27=
‘h(k) T u1<k) _qn(k) -7-u,(k) +2m=

K
-d

(1=7K) + dy () + 5w dy() + T d (h)

(8)
3) [FBE, Y i =n i, A

d(k+1)=(1-7K) -d, (k) +%<-dn,l(k) +

) )
ASAR(T) ~ (9) F—B AT T BRI

D(k+1)=C-D(k) (10)
Lo, D(k)=1[d,(k),dy(k),,d,(k)]" FEECH



<1142 - odb T ok ko % R 938 %
e K K] LERPTT IS8 K(k) BRI R, 2428 (10) o
2 2 BRI L SRS 1 2R C (k) . AR AR
KoK . SRR AR (10) BONCAIGH B HUERE C (k) 1)
2 _ 2 AL r (C(E)) , WEVEEEE C(k) W5 K
C= : TEAESE I 5r (C(k) ) MU, ZRGE AR A
0 Ko 7K e R AR B 2 BENLAERE (k) HOAT

. 2 . 2 ki

T T
2 0 5 oK r(C(k))=1-K(k) -7(1 - 005[2:)) (17)
P () AR BEE 1 2 89 RE A £ PR 0 807 5
2L (10) AT T RS TR 25 K (k) B, C(k) B
D(k)=C"-D(0) (12)

20 < 7K < 1B ARAES B 1 Al BEVLAERS: C
= SIA 1, kA
}irED(k) :}iTCk -D(0)=1,w'D(0) (13)

‘ B 1
KX, we R, HEP W E—NTTEEBRE—,
n

W TR SRR d (k) ,i= 1,2, n RHTHFIEL
i, BRI A

limd (k) =-(4,(0) + dy(0) + - +d,(0)) = %

(14)

M d (k) ,i=1,2, n Wt —Sm] 1, AU
PR T (k) Rt s 3%

J3Ab, E R AR AT 7 A3 A AR i B
(5) MPERTT , REMEH S- 112 . 2R BEIR R
ARSI Y, H A AR AT 2 2 D RE I 3
ZeAr AR R LS T A A B PTRE 4R K A7
K r BFRBTER 0 < 7K < 1,
3.2 BREFEEEE ST

I3 2 XTI A Toeplitz Hif4 T e R

b ¢ 0 - a
a b ¢ - 0
rT=|: @ i (15)
0 ves a b
lec =+ 0 a b ]
FURREEL R A e e 2R

1277

A(T)=b+ (a+c) 'Cos(nj+«/—l .

2
(¢c—a) - sin(mj i=1,2,--,n
n

NS e AR AT 5 K(k) BIERTE, M
R G BRI TS S

(16)

JRHE AR )N | 2R G AW S B A 2B R

I A(6) R, AR SCBCTT A4 722 AT 3 £
K(k) BERSTE] ¢(k) FRIREBIY  daitR Ui, RIS
LR R, FIEBI RGBT 0 <
TK(k) < 1,%5t(k) > (1 -7)T" B, 7K(k) —>1,%&
S8 R W SIGH PR 35 ) PR AIE R GBI IR T Al R
(B, SO T— S ry vl a5 2 AU s 8 7(0) &
U, TE B R 45 5E BOA BRGSO ) 77 Z 017, B s AU H
PR T (k) Kl sz B

lim T(k) =0 (18)
t(k)—T*

Mi(k) = (1 -7)T° Ja,7K(k) =1, L
ZHIAREEMIEd.(i=1,2,---,n) OSSR R —2, ik
ARG IR e TR

4 {FEIRIE

T B R AS SR B A4 i RS A R 7R
MATLAB 348 R #E4T T 3 4 HAT % He P B0 47 B
SRS PFEAERK ¢ xR PR R R o R R S
FAREFR BN 7=0.01 ;1% H 6 N H EBHE
REVR, BE ML Hb 45 & — 4 ) 1 Oy A A (- 170°,
-155°,-140°,-115°,-70°,-50°) , F1 A= (1) 5
AR A B SO E W 3 fiR, 3 4% PRy BaL
B AR E AT

SCuy 1 BUEDE R AT £ K =1, KISk 2
B oA R P (5) RESE NG TRl A R 2% E A i
(345 L K R G it W SSURRE

S 2 AR RS A S PR (5) By A
i — 2L IR IE B H Y B AR AT O 3 5 SR (6) , IF e
ARSI EI T =4 s,

SN 3 i — 2 M IR E A AR A PR (5) N



%6

EUIA 2 5 T BRI 8] — P 9 [ 288 3 28 REIR A1 UG LA R

- 1143 -

IS AT R SR (6) , I 19 5258 2 TR RS 1L, 45 E
A PRSI E] T =2 s,

TERA R 00t & B AL BT, Zead LA B 3 )y
ELSLH A B S B AW S AR [R] B9 2 8, nTsl 4 B
o AT LAERAIENCS AT T 22 TR 45 A9y
FURSEM R GUCSIGH JE (1 P, 5 A 2 B2 P 36 &%
SR NFERAS . TR, d1 18 4 TR % TBE
HLES RE BIWIAA L B, AR AR SCHR Hh A A 2 i 11 I
(5) BIFERITE , & Bl s e S B0 1 48 H b i i 4
SRR RENE N 2 REIAEAT 1 ARG S 2R AR
5 FLs AR L X S A ST B AR
TIA XTLCIE 3 RN 4 WTLUE Y, 28 BEAAE SR R
B S [ A B, XA M T 2 BE A

FEEAT B AR s 3k G A B Rl

5 & 3 4S8 i A AU R R T(k) B[]
AR XTI, B AT LLE 1,3 A5
T(k) FeRHEE) 7%, AN (4) A HH 448
SEBRT A AR AR B RS B — 2, L EERSE B T A
SRS SIS SA, B S il LA 1, 20k
FHEE AT RG2S, HA K = 1 B, T(k) Wsdses , K
2975 10 s ISR & 2 SR k22 w] i 3 25, H A
T" =4 B}, T(k) WS, IFSE8L T 4548 2 A R
A PR SR N 5 R I AR AT G 25, HA 77 =2 s
BF, TCk) YRSIGHE BB, IS B T 42248 22 19 A BB
SR ENE LRy ELAE R IE T A< SCH th A A2
TR 25 TR A K

0 ---- Sy 1 E e AT A4 H K=1
-1r -1t L — KB AT AN H T =4 s
Sy 3 A AT H T*=2 s
0, Qs
= of ~ ol
0) o
! ! ‘ 94 . \“. . . .
-1 0 1 0 4 3 12 16 20
X t/s
B3 ZREEEA RS B4 ZRBeIRE B SH E5 3 AL E M
ESEaI XA it AL E SR PR EOC ST R E

K6 2= 8 4rlLh T 3 Ll iy A 4%
RGBS g, (k) AR d,(k) LK
Pl i w, (k) BERTTE AR . Kl 6a) (Kl 7a) |
Kl 8a) AT LLE I, & Bl I A g, (k) BBl [i]
PRAFIE A I 0 G A e A AE BRI |2

SREEMNE d (k) eS8 TR — 20, HARSE N
60° X HLENIE T2 (14) BYIERPE, BITER sEIARA>
$on =6 B, SREAIE AR ASIE R 360°/n = 60°, M
Kl 6c) K 7¢) K 8¢) HATLIE il & u,(k) &
LHUENE X T Y48 4. (k) SE—3

R AN R ST A1 A B A DL T I A A (R B, 85 AP (S) PTH, SRl 5w, (k) HBUE
2L TeRe ., MIE 6b) (K 7b) (81 8b) Hhaf LIF N4
=l dy 49—, ——dy o dy——dy o dy——ds—dj 150L T Ty My U e
ghiiaaaaan 2004 ]
~ ¥ ~ |\ T S0P\
< -100f N T
=TS S e < 100k \, = i
2000\ = <7
=300 - TV~—T L | | E/ L ) | ! | -150 L L . \ ,
0 7 8 12 16 20 0 7 3 p 12 16 20 0 7 8 12 16 20

t/s
a) AR AL A B A R A S Ak th 2%

t/s
b) AT A I o ] AR A Hh 2

t/s
©)  FE I ] A A A i 2

Ko SuH 1 firgs



- 1144 - wode Tk ok % %O %38 %
——d, dy——dy—dy——ds——dj 150 =¥, Uy~ Uy Uy —— U —— U
| 1
o S0P\
O D
I L ==
< -0
2
4 12 16 20 1505 ! 3 12 16 20
t/s t/s
a) AL B B A R A Ak th 2k b) A A BRI B ) YA A il 2 o) Pl I R A 4K it 22
B 7 S22 AR
——q, q,——4, qA*qSﬂkqé —d, dy——d, dy——dg ——d 150k U e Uy~ Uy —— Uy —=—1h,
o/ 2000 ~
* -100f | 2 0
= N %100-\\‘ < N
2000 <
-300 : . , . : Z . ; . ‘ : - ‘ ‘ . ‘ ‘
0 ! ] 1216 20 0 4 8 12 16 20 150G 4 3 12 16 20

t/s
a) AR5 LA B ) R A h 2

& 8

BAR() AU, R w, (k) AW, G FLETT
Biff q (k) R AR, Wt & Bl e &2
AR Y s 5380, T B I A S, 4 S A BRSO
] T BN FERF R BGR 77 BHESE u (k) S48
FHER , HAR AR WA T BB (i 4% il 2 T
T ARG B AL E R, o/ BAR A P AT LR 2 52
P w, (k) O LT B4R ) 32 FRAF AR

SEH .

t/s
b) 4 A L P i) A 4 2

t/s
©) IR ] A Ak i 2

S 3 LK

i#

5 45

LA A7 1 B E bR A L, T A
SR i D PR R %, AR SCEE X 2780 B £ PR
2 ) B TF JREAIF S, 452 1 T — o 5 4 3 A 2 1 42 )
B, ST P 2 1258 R T30 B SR L,
BIA T IS T 16 25 SR | A 76 2 12 A BN ] phy 5
PGS, KA T 4 B B I BOR . A
(L5 IR T R T 28 Re k4 T A B 4,
PREEWEIN PGS 38 R | RT o  r
AV 1S R

[1] WANG Zhu, LIU Li, LONG Teng, et al. Multi-UAV Reconnaissance Task Allocation for Heterogeneous Targets Using an Oppo-
sition-Based Genetic Algorithm with Double-Chromosome Encoding[ J]. Chinese Journal of Aeronautics, 2018, 31(2) ; 339-350

(2] JEHRZL, skig, AHERE, 4% ST H B A 2 CANLENR HARE Tk [T]. PHdE Tk R4, 2019, 37(2) .
266-272
QU Yaohong, ZHANG Feng, GU Renneng, et al. Target Cooperative Location Method of Multi-UAV Based on Pseudo Range
Measurement[ J]. Journal of Northwestern Polytechnical University, 2019, 37(2) ; 266-272 (in Chinese)

[3] WANG Xingliang, ZHANG Youan, WU Huali. Distributed Cooperative Guidance of Multiple Anti-Ship Missiles with Arbitrary
Impact Angle Constraint[ J]. Aerospace Science and Technology, 2015, 46 299-311

[4] XUHE. 2T NREPMATE RS R AL D], WK I/REE LRER:, 2019

LIU Kun. Research on Cooperative Searching and Hunting Method for Multiple Unmanned Surface Vehicles[ D ]. Harbin; Harbin

Engineering University, 2019 (in Chinese)



%5 6 1 EUIA 2 5 T BRI 8] — P 9 [ 288 3 28 REIR A1 UG LA R - 1145 -

[5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

(13]

[14]

SONG Cheng, FAN Yuan. Coverage Control for Mobhile Sensor Networks with Limited Communication Ranges on a Circle[ J].
Automatica, 2018, 92. 155-161

EHZ, MEE, M. BT ARG R Z LA A RS T]. #5H TR, 2019, 26(3) : 510-514

LI Ruizhen, YANG Huizhen, XIAO Congshan. Cooperative Hunting Strategy for Multi-Mobile Robot Systems Based on Dynamic
Hunting Points[ J]. Control Engineering of China, 2019, 26(3) : 510-514 (in Chinese)

MO Lipo, YUAN Xiaolin, YU Yongguang. Target-Encirclement Control of Fractional-Order Multi-Agent Systems with a Leader
[J]. Physica A Statistical Mechanics and Its Applications, 2018, 509, 479-491

LI Chuanjiang, CHEN Liangming, GUO Yanning, et al. Cooperative Surrounding Control with Collision Avoidance for
Networked Lagrangian Systems[ J]. Journal of the Franklin Institute, 2018, 355(12) : 5182-5202

CHEN Mingzhi, ZHU Daqi. A Novel Cooperative Hunting Algorithm for Inhomogeneous Multiple Autonomous Underwater Vehi-
cles[J]. IEEE Access, 2018, 6 7818-7828

WANG Chen, XIE Guangming, Cao Ming. Forming Circle Formations of Anonymous Mobile Agents with Order Preservation[ ] ].
IEEE Trans on Automatic Control, 2013, 58(12) . 3248-3254

SONG Yongduan, WANG Yujuan, JOHN Holloway, et al. Time-Varying Feedback for Regulation of Normal-Form Nonlinear Sys-
tems in Prescribed Finite Time[ J]. Automatica, 2017, 83. 243-251

REN Wei, BEARD R W. Consensus Seeking in Multiagent Systems under Dynamically Changing Interaction Topologies[ J].
IEEE Trans on Automatic Control, 2005, 50(5) : 655-661

SONIA Martinez, FRANCESCO Bullo, JORGE Cortes, et al. On Synchronous Robotic Networks
Complexity[ J ]. IEEE Trans on Automatic Control, 2007, 52(12) : 2199-2213

HUANG Chao, YU Changbin. Uniform Upper Bound of the Second Largest Eigenvalue of Stochastic Matrices with Equal-
Neighbor Rule[ J]. Journal of the Franklin Institute, 2017, 354(14) : 6033-6043

Part I Models, Tasks and

Distributed Encirclement Points Deployment of Autonomous
Mobile Multi-Agents Based on Finite-Time Consensus

YAN Pengpeng, FAN Yonghua, CHEN Yuanlin, WANG Mingang

(School of Astronautics, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract; In the many-to-one pursuit-evasion game, autonomous mobile multi-agents can effectively improve the

probability of successful hunting by achieving the cooperative encirclement to the target from multiple directions. To

solve the encirclement points deployment, a distributed control protocol is proposed based on finite-time consensus.

Firstly, the encirclement points deployment is formulated as the coverage control problem on a circle. The presented

distributed control protocol can realize uniform coverage on the circle, i.e., optimal encirclement around the target.

Secondly, by introducing the strategy of time-varying feedback gain, the convergence rate of closed-loop system

turns into finite-time consensus from asymptotical consensus, such that the efficiency of the deployment is improved

greatly. Finally, numerical simulations are carried out to verify the effectiveness of the presented distributed control

protocols.

Keywords: multi-agents; cooperative encirclement; finite-time consensus; coverage control
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