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Consensus for multi-agent systems with sliding-mode observer
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Abstract: In this paper, a finite time consensus algorithm is proposed for multi-agent systems where the velocity of
each agent is unmeasurable. Before achieving the consensus of multi-agent systems, problems raised by the unmeasurable
velocities should be solved firstly. In this paper, we adopt a kind of sliding mode observer which can estimate the velocity
of each agent online in finite time. The estimated velocities are then utilized as information of control law designing.
Sliding mode control is one of the most widely-used classical nonlinear control algorithm which has good robustness to
system uncertainties and external disturbances. Here a kind of nonsingular terminal sliding mode control law based on
position and estimated velocity information of the neighbors is applied to realize the consensus of the systems, which can
not only overcome the absence of velocity information, but also achieve the consensus of the multi-agent system in finite

time. Finally, the effectiveness of the proposed algorithm is verified by a numerical simulation.

Key words: multi-agent systems; consensus; sliding-mode observer; terminal sliding-mode control

1 5|3 (Introduction)

T 2 R ek — B FE H B2 B 1 0 g BA
il SRR R LGB I ) A4, V2t
FUF AR AT R DGR ST, — SRl H AR
ST R Btk 2 18] () 58 FLAS SR T4 I B4 15 B
AMERPRAIE ] — B WrlE]. H A — e )
FORR O FF

BT E SRR R, IR 24500 T 2K RARRELE
A BRI 1] Y S8R, DAL, WAL SAcise B2 e R v A — Btk 4
il B — MR E Z R FR . B M LVER, IR Z
BF 5538 AN 5] 77 THI Ak 22 %89 e A2 52 G Ae SI0ak P i) At il
TREWI, Gl R G0 a8 W@ s a5
SN0 R (121310 B4h T RS PRI RISk

Wk H A 2016—01—18; 53¢ H#: 2016—12—20.
TilfE{E#. E-mail: j8421jean@163.com.

AT Z/Diz.
E X BRI ST H (61673174, 61374107) % B,

IFE 726, SCHR (14151 x5—Fir A 7> R Geseit AR
IS T) A X — B 5% STHR (15)0T 7 1 AE o4
S A TRDEAE AN T B2 B RE R R G BRI TE] )
A SCHR (161878 1 B RGEAEAT 43 35 A TG 40
T HOA BRI A) — Bk f ). SCRk (171800 1 =B
RNt RGN 2 B BER R 8, FIADIRAS LI 255K
BL T AE I A 8 RE AT A A2 B\ 32 BRI AN 7Tl
TEUL N AT BRI I) — S S, SRR (18R S fk i
DINIEIPNEEIEZ i At St RO S I LoV g
1N 2 B e AR BRI TR) — S, SCHk (191K 1 el
PR VR — O P AU AL D B 5 A % 1P AL, S5
LT RGO BRI TR L — k.

LR LA T RGN E YEAT T 0 BAT R AF

Supported by National Natural Science Foundation of China (61673174, 61374107).



252 oA R 5 N A

34 3

IS, L ERHIE 2 v] URIE RGUIRES1E A BRI
() P9 BT~ . DRIk, — M2 3 G 8 i 0 L4
il N T 2 B ee Ak — 2tk ds il b, Horb, SCEk [20160F
JU T I T A g B REA T i 2 8 g ik
Z G AT PR BT[] — S0 1] . SCHR (2170008 i 3 vl
By R I o A 4 g S 47 Sk I, S T 2 R
A PR (] g BA 42 . AB AR R, Ll TAE#EMR &
BREAAR AL B AR FEE B nT . (H R TESEPR RS
HH TGV S L B A T R AT AT TGRS B A
FAAR S AR L, DRI VF 2 22 X — U g 1
W7 22240 Horh ) ek (2223140 IR A T 7E IR S
Fr PN AN R IR S Fh T AN AT 2 R e
PRLENS ] — SRS 28T, 2 B AN IR, G T3 E R
ANRFITR ) J T 28w 7 R ) 22 R R — B0k 1) R
WL TAE AR WA, X IER A S BIHLTLE.

B0 T FE AN RTII) 2 2 Be AR R G, AR SR —
A BRI TR1E DU & %) s B2 A BEAT At IF Hik
TH AR 2 A A3 40 R 2 R B A A T 45
TS 21 Z 555 1) A7 BB i) — S5 1k

FEASCH, F A A a0 3 e

XNFREr = [z - x,]", B

1) sgnx = [sgnz; --- sgnw,|’;

D lar = ] -+ feal]

3) sig?(x) = [sgnx|x|” -

4) ||| KmaFITE TS TEEL.

18 7€ BRI i F v, “®” R Kronecker e 4,

“x” RINFERE RN FRER 77

2 WA AR (Mathematic preliminaries)
2.1 AR B2 2 P (Finite time convergence)

FIE NI RS
&(t) = f(x(t), z(0) =z, t 20, (D)
Hr:x e D CRUNRGIPIRE IS, f(x) AD LM
HELER AT HA F(0) = 0. fs(xo, t) RERRLE()
Phaco Jo0IH6 mEIfE.

SIER 12 Bk SO RS ()T AR, WA AEAE
KT IR BT ABIR Dy © DA SE A% 72 I 8] 2R £X
T(z) : Dy — [0, +oo)lif3 R Gt 2 un 5%

1) AREESE X TAER x € Do\{0}, %t e
[0, 7). Hs(,t) € Do\ {0}, IR H lim (1)
= 0.

2) ZEEE A RARE I X TR RO T IR s 4R
D1 C Dy, FEAE R KIS Dy C DN THER
x € D,\{0}, fis(x,t) € Dy, t € [0,T(x)).

sgn x, |z, |"";

WMRD, = D = R*, BAJRFNIZRGERH R
I TR R AT .

SIER 212 X T RS\, WAAFAE— N ELE AT
BV R™ — R, SE8c > 0L K&y €(0, 1)fE75V(0)
=0, FHABV (z) < —c(V(2))", © € R, B4
ZARGA] LIEA BRI A AR E, FF BASE IS TA)H 2

T<- (V(20)) . 2)

1
(1—n)
2.2 i (Graph theory)
— B — 2 A A — A (v, ) R FR A 1 EG,
Ho: vFRoREM S, e R EILE. W FribiEs
PAAFN i f g, B w5 (4, §) € eRoam—2kMiEl
FEREEACEuR
T AL A S R E GIRAT B R N A
=a;(i,j=1,---,7), WR(j,9) € ¢, i#j, MAa;; >
0, IEEHFR 215 9 A AT R A B = 0. 8 XA
IINE N = Y ay, FHESCARIBGRINERE

JjeJ;
B R R AT A BN D, — ing{[dy - d] 10
& = Dy, — A, Hrh R TR R TR RoR N

— Ay, ,L?é.jv
Li' - a . . 3
J Z CLZ']', 1=7. ( )
j=1

TEA M EIGH, Mo B iy, BT DL — 4
J¥ R {io -+ i PRFOR, Hodt (4524, 15) € (4 =1,
coe k). WA ) R R S TR — R ARE
2, MLFRGAmmiEiE R, WR A B GHREA S
R, 1 R A AATAR £ () T DUIE S — SR A4z,
AL HRA 0] G A AE — 2% FHZ s R R [ e
B WA 1) B A AE — 5% AR, IS4 Rz B
3 [aBHIAR (Problem description)

KXHEE—NHm + INZREAHEN RS, 1
F51/MeaderfimMollower, 23 LI, - - -, m#EoR,
ZAGHA EAR A R, B ReMA AT Lodit 6
LRI I 25 AT S SR A B A He, LB SR AT
UM EIGRR. S TZR5AE W FMrik:

& 1 leader 7 & A FE {5 B A& EL N H 7] B8
2, T FT A follower A A A7 B A5 S5 AT, 38 BEAE EIUAS
CINIR

Rig2 AREGHAEIE—" Mleadertt K 1A
M B, {H 42 N T fiiFleader )ia 3 AN 2 follower )
T, BGHALFLEAT A Lhleader T 711 AT %42, BI
leader ANBEFZIA AT followerfE K HI15 &

A 11 B G IR E R R R

0 01><z
= 4
2= (3, %) @

3
K



2 SR WA B A Y 2 5 R A — Bt ) 253
LiL Ly, Ly, B G, AT LUR B 28 BEAAR R G010 PRI [ — Sk
L = 7 Co ], 4 B AR BT (Design of sliding-mode
L. Loy L. observer)
1, i=i itL, T B follower (P13 FEAS S ERAS AT, AR SC T
1 2(9a) FI(Ob) TR IR PR B T P AR 28 250 435 i
Lij= Ak Jje€Ji, i # L, £/ Mollower I E(E B
0, HiAth, Ez(t) = 6(t) + )\Sig%(‘h(t) —&(1)), (%9a)
J AR BRI AR E AR, | J; | RN A B R AT &(t) = ai(t) + fiai, ;) + asgn(gi(t) — &(1)),
JREERITTEREAEL (9b)

% Z RN R G0 BT follower R AL AL N Euler-
Lagrange 24, HJl

M; (qz)qz( ) =

fi(qi(t), qi(t)) + wi(t) + gi(qi(t), 4i (1)),

q:(0) = qoi, G:i(0) = go;, t 20,i=1,---,m,
)]
Hr: g, € RUONAIE R & EEHEREM,; € R™ N1
PERERE; f; € RONCHIRHR 1R EG u; € RPERR
BHHIA; g; € RPERRGIIH T A EE.

R (S) AT LS N

Gi(t) = fila:(t), 4i(t)) + wi(t) +

9i(qi(1), 4i(t)), (6)
Hor:
Nz(qzqu) M ( i) Fi(@is 4i),
gz(qt( ) ( )) = 1(q2)gl(qz( ) qi(t)),
@ (t) = M (qi)uq(t).

uleaderaﬁuﬁﬂﬁr“ 5 Na(t), gu(t), it
FREARAIEE § AN BRI HE A AL B A L (1)
eER"(i,j = L,1,--- ,m). {E&ANE e AT
LB RZE R0 R (DI, FRARGEA S —

{6ij(t) =q(t) — q;(t) — Li;(t) = 0,

. (7)
1,7 :L717"' , M

A B bR NTE T A followeris® B A5 B A AT

THOLT, Bt — B 0%, SRIEFTA follower A7
BRI 18] I BIFLERF Sleader ) — 2.

TG =1, ,m)NERE, © R
1
zi(t) = qi(t) — A 2 (gi(8) +1;(1). ®
il jeJ;

Lz=[2l - 2D A5 FEG A5 E I, 1
NEEB T
§IEE3 2 ity = 0, A8, =0(i =1,
:L’]_’..., )

EE SIH3A N, REAE (2, 2)EA RN A A FEE

b & () Fon S MR RER AL B AT, HATaaEy

£:(0) = qoi; <i(t) FI Tl B8 MR REAR I EE A5 S,

HAIHENE:(0) = 0.
SESCRIMN B REAR IS THRZE AN

eqi(t) = qi(t) — &i(1), (10a)
evi(t) = qi(t) — si(t), (10b)
KT, BB R BRI THRZE RS
éqi(t) = eu(t) — Asig?(eqi(t),  (11a)
évi(t) = filai, ;) — Fildi <) +
9i(qi,qi) — asgn(eq(t)). (11b)
Loi(t) = filqi G:) — £i(qi.$i) + gi(qi, i), IF
HARE| il S wi, wi(i =1, .m)N KT ERH
Bow=|w - wn".

EE1 W TEEAERSS), B E B
(9), WRSHN, i 2
2 2
A0, 0> 2l 132(”“)'“’) L
TR A2 B 551 1) A BRI TR 52 9, B, (¢)
G (4T U PR g, () M (£) i =1, - ,m).

UE  GRHCR AR R AL
Vilt) = g lie (eq)” €1)P [Sig;(?q”)] IS
Hr

P =

(A2 +4a)l, — )\In]

—A oI, |’
AN 3K T0 , B LA P A IE @ 5ERE.

XF Vi (t) R F45

Vu(t) =

[(sig? (eq:)" €u)"]P x
%diag{leqil‘%}(ew - Asigé(eqi))] _

i — asgn ey

1
5()\2 + 4ar)(sgn eqi)Tevi —



254

7w oo 5 MM

34 3

A !
5 (W +da)(sig® (eq))) 'sgn eq; —

1 1
f)\(evi)Tdiag{|eqi|*5 teyi +

2
1 2
SR
(Asig? (eq)™ — 2(e
1 L1 . _
—(§>\3 + a))(sig? (eq:)) " diag{|eq|

T
2ce;sgneq; —

1 . _
7>‘(evi)leag{ ’eqi|

SigE (eqi) - 2

1 . 1.1

§A2(evi)leag{leqi| 2 }sig?(eqi) —
%} %

A(sig? (eq;)) " diag{|eq:|
sgh ey; @?sig% (eqi) +
2(Sig% (eqi))Tdiag{ ’eqir

[(sigZeq)" (evi)"] x

1
%5)\3—1—04)\—1—/\ sgnegp; ) I,  x
b2y
—=Al,

1
5()\2 + 2sgn eqigoiT)In
diag{e.i| )} [Slgz(e‘”')] =
€y;
~[(sig? (ea)™ (e4)"] X
Quing{leq| ) [Slg;(?q")] 7
Horp:

1
(A% +ad+dsgn(eq) el ) I, *
Q = 2

1
—i(AQ + 2sgn(eq)p; ) In

A\? 2 2
Hifia > 2wl 4;3 (lwloo)

FH V3 () R AT

2

leal ) € 22
A

Vii <

A (P el 2 + flew?) <

el [Amax (P)[(sig ( 6qz )" (evi)”

(diag{|eq|” sig? em ]

Vil (P (sig? ()"

Amin (P)
Sigaeq,.)]

vi

1@ h)

eV'L

(diag{leq| *} ® L)

1
7)\In

1
1 T
2lsgneqip; ey =

X

|

AL QNIEERFE.

eyi)"sgn eq; + Aarsig? (eq) (sgn eqi) " —
vi)T)SDZ' =
7} x

%}evi +

(14)

(15)

(16)

Fit, B (15)-(16)ATLAEF]

)\min (P)
Amax (P)

[(sig? (eq:)™ (evi)] x
sigz(eqi)] ' (17)

Vi

3
Vi <

(diag{leq| *} ® L)

KA (14) 1

y >\min P i
Vii(t) < _Amin(Q))\((P))‘/l?'
T, IR 2 0T A, 58 ¢ N eI &8 7] DLER

B RF 1% P Ay T A M A5 IR, 1 LA v ik 1038
A

(18)

2 max (P)
)\min(Q) )\min(P)
30, iR A8)ATHA, Vi, (¢) MR EL, 250 <
t < T, 13

(Via(0))%.

19)

1 XX

Vii(t) < V1:(0),

BRI, eqi () Fleq () 7E(0, Ty ) WA 5%, - HA
V1i(0)

lewll < 5 oy 20)
V1:(0

el < Y40 1)
)\min(P)

5 ETHRAr R & B — Bk (Cons-
ensus protocol based on nonsingular terminal
sliding mode control)

A AT B B A 2 SR R Rk

RGuATiEh. R R

N =6() - T (&) +1(0) +
|J ’ jeJi/{L}
(LzL & In)( ( ) + l,L(t)). (22)

5 AL PR TR s 2 5, 2:(t) BT
z;(t), XIS R BTG5 2, (¢) 72 BRI TA] A U
ST R, TRREES B RS PRI [A] — 2.

SR Z () —B R = S

2=
s + Asig? (eq;) + Lin(Gr + i) —
! > (s + )\sig%(eqi) + iij),

‘ i| jeJi{L}

(23)

W

P =

.1 1.
S + 5)\d1ag{|eqi| 2ty —

1 ) 1. . _
> (s + s diag{|eq]
|Ji| jesdiry 2

ey + 1)+



2 SRS WA TR AR 2 B Retk— B 255
Lir (G +lir) = iF R R B
u; + f(qi7 i)+ asgney + Vi(t) = %s?(t)si(t), (28)
SAdiagleq] +) (ev — Asis (eq) - xR S
’}i| jeg:/{L}(ﬂ’j + flaj,s;) + asgneg + Vi=si4=

1} ey — Asig? (eq)) + Liy) +
L (g + qu) =

1 . ) -
z_m _ JZ/:{L} w;—li+Liygu+ f(qi,si) —
1| ge J;

> flgs)+(a+

i‘ jeJJ{L}

1
5)\diag{\eqi]_

—_

>\2
5 )sgneq; —

|
A2

> (a4 —)sgney +
| Ji| je 7y 2

5 diag{leq| 2 }evi —

1 A 1
> —diag{le | 2
il jesriey 2 tewl”

L) = — Y Ly(t).
‘J1| jeJ/{L}

T B R S A AR AR, RIEZ (6 TR
PR A a] Py WAL Sk

et T

si(t) = 2(t) + BZ] (t), (25)
;H\:EP: ,3 = dlag{[ﬁlv e 7ﬁn]T}7 Bz > Oa 7:[71
nﬂ?1<%<2«w=%u=L~-mxﬁﬂmﬂ%
YINIEE L.
P RAR R (25) K 15
8i(t) = zz(t) + deiag{|2i|7_l}éiv (26)
HhI = diag{~}.

1 SRR AR A SR . — A%
TEWT, 2RI AE PR Ns(t) = ©(t) +827 (¢), HH:
(B NIER B IRELE, >0, 0 < v < 1. WEX1Z
TR SR AT 155(8) = @) + Bya? " La. W ULE H Ma(t) =
Oft, B1 Ty < 1, 27 TV BN TS5 K, IATAT I S IR I 25
S AERASCHR Ty > 1, WA SRR ) 8.

BRI

e, (24)

u;(t)=—(nsgns;+B '~ ( i) l"’LquL"'
flans)— = X flais). (27)

|Jl| jeJi/{L}
EH 2 X TH— leaderfll mA™ followerZH f%

12 BRI R G, I R P A followerf 4y :(5)JF H.
i AR BB LAN2, IR AP (27) AT ARIIEZ R SEEAT
BRI 1] ik 21— 2.

sT(2; + Bl diag{|z:|" " '}2;) =
s (2: + BIdiagf{|2:|" '} (—(nsgns; +
B~ 'r- 1(2')2 7_li+LiLqL+

f(qzv CZ) Z .f(Qi,Cz‘)) -
’J | je Ji/{L}

l + LquL + f(qza gz) Z .f(QZ7§Z)

|J | je Ji/{L}
)\2
5)

oo (a+
je T {L}

A 1
(a+ sgneq + d1ag{|eqz| zle,; —
1 2
X sy -

%}evj) =

AL _
> §dlag{\eqi!
| T3] je 77ty

2
Ay,

s Brdiag(|z;|"")(—nsgns; + (a + 2

2

sgney — — . (a+ —)sgney +
il jerzy 2

AL 1
5d1ag{|eqi| 2teyi —
1 A
>, pdiag{leq|”

|Ji| jesiiey 2
A

7}e,;). (29)

" ey i =1, ,m},
v =max{|ley|, i=1,--- ,m},
¥ = (200 + X2 + Ako)|| BT diag{| 2"} o,
e = nlldiag{|2:]" " Hloo,
MA@ ATUAFR RN
Vi(t) = —nlldiag{|Z:[" " Mol sill: +

)\2 . R _
2a+ ) sill|BTding {127 Hloe +
Mlsillll BT diag{|z,*"" }locre =
(@ — )l 30

= max{ | ding{le]

WY < e, WAV ()0, Ty) N AR R L, A
sup V;(t) = V;(0); a1y > €, ME2%F T ok B (t)
0<t<Ty
(()+¢ 02, R4 u(0) > Vi(0), AT
A (0, T0) Y, pu(t) = Vi () B RAE, BB sup V(1)
0<t<Ty

< sup p(t) = (2 (0) + 2 2_ 6T1)2. A I, s; () A

0<I<Ty

8 (1)TE(0, Ty) W IRLAT J, T8 4 B ak(25) l 12, () A



256 oA R 5 N A

34 3

2, (O)TE0, T WA 5t L Hey Fley A 5, H(10)
A5 2, (6) A1 2 (0)7E(0, Ty ) N 5
Mt > T, Hey =0, ey = 0, :(29) A LF IR
N
Vi(t) = —nl|diag{|Z:" " sl <
—€llsills <ellsil| = —e V7. 31)
51 VAT, 2;(¢) 7T CATE A PR A ] N 2104 ¥ A
i1, I H 2T A1 2 )
T2 g T1 + E‘/;E (S(Tl)) (32)

22, (0) BIATE B 2 J5, MR HE L uig BT (25) M
AR, FR AR BRI ] ISR 0, I HLUSRI TR]3H 2

At < [[IBA =) HoolllZi(T)]" Mloe-  (33)
TR TR ZE KA D RIS, bl z(t) =
0. H I, #H 1M eaderfimMollowersH % 11 £ 2 G 4
Y0 LATEA BRI (] Py 21— 2, F H IS St fa)i 2

T<T, + At (34)

FE 2 ASCRAIR AR Bk B, R AR
ST B AN S BT AN R R s sh BT ), 4T
BN BRI IS A B IR ZE WS ZN, R B R AR 2]
18 T a2 HIALE H H RS HARIZ Zh L W AT RIS e AR R
SRR — S
6 B 15 E (Numerical simulation)

A AEMATLAB- & X fr$ Bk gh 47T 07 B 56
iE. 2% EE H14 leader F184™ follower4H i (1 4 R A& &
a5, HHrEsh Iz E 1 s,

leader
m

K1 HARBAUE

Fig. 1 Desired formation

leader 112352 CUA
™y
- cos(ﬁ )
qL = . T
0.5 s1n(ﬁt)

follower I35 TN
gi(t) = u;(t) + gi(t),
He:

= q“] L u €R?, g(t) = lo'?’smq"] .

qi2 0.3 sin g2
A NI L A W

[
(=5 4.5]", qoa = [-5.5 —7.5]",
qos = [—1 - 7]T7 qos = [—10 3]T7
[-8.5 — 17, qus = [-11.5 —7.5]",
HHqo =10 0]"(G=1,---,8).
RGBT

2 2
00 -1 0 0 1 0 00
11
0 0 0 ———= 0 1 —=0
3 3
000 0 0 -+-2 1y

3 3 3
11
00 0 0 0 —- =
i 2 2

MMERSEN =1, a =2, BHIFHSHL =1, v
—=[1.8 1.8]T, n = 1.3.

2 RS BRI IS BN, AT LUF AR fE A
QT MIMERH T, & B A nr LUE 3 — Bk, EI3FEl 4
oyl g th AL B AR BAE RS B THRZE, rba]
UG i, 6 BAG Bl THRZE JLP N0, A B Af TR
ZEIRZ/INT0.01. IS HINE 5 B[R] A2 1k, 7T BL
FHEHESHLNT10, BREREFRULR. Kol
zi(i =1, -, 8) I TAIFNIE, T LA Hh A B Re A 1)
FHXH O B 1R ZE T RESTE10 sPIIEIER 0, 73 B REAR 1)
WS TE) /N TS s

6

T T T T T T
4r 3 e
1
2r 6 B
leader
o O
2 CK _
af /QD cy\ 2
-6+ 8 i
7 f 5
78 1 1 1 1 1 1
-12 -10 -8 -6 4 -2 0 2
g,(1)(@=1,---,8) /m

-,8)/m

1,

2,(2) (¢

K 2 Fheikiasiiil
Fig. 2 Trace of each agent



F2m

SEIAREAE: AT IO AR 2 B RE A — Btk

257

%107 %107
2

t/s t/s
e, (1) e (2)
K 3 fEMNTHRZE

Fig. 3 Estimation errors of position

0.01

0.00 fi

e,/ m

-0.01

0.01

0.00

e,/ m

-0.01

0.01

0.00

e,/ m

-0.01
0

e, (1) e
K4 A THRE

Fig. 4 Estimation errors of velocity



258

i34 %%

z/m

z/m

— u (1)

K5 #hilES

——u)

Fig. 5 Control signals for each agent

1
z2/m
=]

t/s

20

30 0

10
t/s

20

30

10

t/s

30 10,

10
t/s

30

10

t/s

-1
30 0O

10
t/s

30

1
z2/m
o

t/s

20

30 0

2 (1), =1, -, 8
Ko BReAMERE

10
t/s

== @), 051, 8

Fig. 6 Position error of each agent

20

30



%2 SEIAREAE: AT IO AR 2 B RE A — Btk 259

7 4518 (Conclusions)

ARSCHRH — Rl T AR & R & R 2
REARAT PRI B) — BOME 3 509, JF iz g, 2
e SR IR B T R i N A A
SE TR R G BRI TR Rese . % SRR R RS 5
SR I Es B AR U T 28 Re iz shid R s
AN 6 1 AR, 2% 00N S R 6 A BIR A [R) P9 Ay 11
BREIRITREE, AR BRI TS SR

2& Yk (References):

[1] CONSOLINI L, MORBIDI F, PRATTICHIZZO D, et al. Leader-
follower formation control of nonholonomic mobile robots with input
constraints [J]. Automatica, 2008, 44(5): 1343 — 1349.

[2] DONG Y, HUANG J. Leader-following connectivity preservation
rendezvous of multiple double integrator systems based on posi-
tion measurement only [J]. IEEE Transactions on Automatic Control,
2014, 59(9): 2598 —2603.

[3] XIANG J, LI'Y J, WEI W, et al. Synchronisation of linear continu-
ous multi-agent systems with switching topology and communication
delay [J]. IET Control Theory & Applications, 2013, 8(14): 1415 —
1420.

[4] OLFATI-SABER R, MURRAY R M. Consensus problems in net-
works of agents with switching topology and time-delays [J]. I[EEE
Transactions on Automatic Control, 2004, 49(9): 1520 — 1533.

[5] NI W, CHENG D Z. Leader-following consensus of multi-agent sys-
tems under fixed and switching topologies[J]. System & Control Let-
ters, 2010, 59(3/4): 209 - 217.

[6] CHEN Yangzhou, GAI Yanrong, SONG Xuejun. Partial stability
based approach to consensus problem in discrete-time multi-agent
systems [J]. Control Theory & Applications, 2014, 31(4): 438 — 443.
(FREESY, BREEZR, AR . 5T A0 AR08 MR VL I B 0N 1) 22 4 e
RRG—EE: (7). HIEIE SR, 2014, 31(4): 438 —443.)

[71 TAN Fuxiao, GUAN Xinping, LIU Derong. Consensus protocol in
networked multi-agent systems with non-balanced topology [J]. Con-
trol Theory & Applications, 2009, 26(10): 1087 — 1092.

(RHBIE, BT, XESR. TSR INE R 0 2 R BRI 248 R S8 —
BEPRX 0] IS 5, 2009, 26(10): 1087 - 1092.)

[8] WANG Fang, CHEN Xin, HE Yong, et al. Finite-time consensus
control of second-order multi-agent systems with jointly-connected
topologies [J]. Control Theory & Applications, 2014, 31(7): 981 —
986.

(FT5, BRag, 15, &5 RGBS NI B 2 Rk RGTA TR
] —Fkszil (7], f2H02E SR, 2014, 31(7): 981 - 986.)
[91 ZUO Z Y. Nonsingular fixed-time consensus tracking for second-
order multi-agent networks [J]. Automatica, 2015, 54(9): 305 — 309.
[10] XTIAO F, WANG L. Reaching agreement in finite time via continu-
ous local state feedback [C] //The 26th Chinese Control Conference.
Hunan, China: IEEE, 2007: 711 - 715.
[11] JIANG F C, WANG L. Finite-time weighted average consensus with
respect to a monotonic function and its application [J]. Systems &
Control Letters, 2011, 60(9): 718 — 725.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

BHAT S P, BERNSTEIN D S. Finite-time stability of continuous au-
tonomous systems [J]. SIMA Journal of Control and Optimization,
2000, 38(3): 751 — 766.

HONG Y, YANG Y. Finite-time control for robot manipulators [J].
Systems & Control Letters, 2002, 46(4): 243 — 253.

WANG L, XIAO F. Finite-time consensus problem for networks of
dynamic systems [J]. I[EEE Transcation on Automatic Control, 2010,
55(4): 950 — 955.

XIAO F, WANG L, CHEN J, et al. Finite-time formation control for
multi-agent systems [J]. Automatica, 2009, 45(11): 2606 — 2611.

LI S, DU H, LIN X. Finite-time consensus of heterogeneous multi-
agent systems with double-intergrator dynamics [J]. Automatica,
2011, 47(8): 1706 — 1712.

ZHOU Y, HUANG J S, GAO T T. Finite-time consensus control of
nonlinear mechanical systems with input saturation [C] //The 34th
Chinese Control Conference. Hangzhou, China: IEEE, 2015: 1240 —
1245.

ZHU Y K, GUAN X P, LUO X Y, et al. Finite-time consensus of
multi-agent system via nonlinear event-triggered control strategy [J].
IET Control Theory & Applications, 2015, 9(17): 2548 — 2552.

LI R, SHI R G. Finite-time optimal consensus control for second-
order multi-agent systems [J]. Journal of Industrial and Management
Optimization, 2014, 10(3): 929 — 943.

ZHAO L W, HUA C C. Finite-time consensus tracking of second-
order multi-agent systems via nonsingular TSM [J]. Nonlinear Dy-
namics, 2014, 75(1/2): 311 - 318.

CHASEMI M, NERSESOV S G. Finite-time coordination in multi-
agent systems using sliding mode control approach [J]. Automatica,
2014, 50(4): 1209 — 1216.

MEI J, REN W, MA G F. Distributed coordination for second-order
multi-agent systems with nonlinear dynamics using only relative po-

sition measurements [J]. Automatica, 2013, 49(5): 1419 — 1427.

ZHANG B, JIA Y M, MATSUNO FE. Finite-time observers for multi-
agent systems without velocity measurements and with input satura-
tions [J]. Systems & Control Letters, 2014, 68(1): 86 — 94.

ZHENG Y S, WANG L. Finite-time consensus of heterogeneous
multi-agent systems with and without velocity measurements [J]. Sys-
tems & Control Letters, 2012, 61(8): 871 — 878.

DAVILA J, FRIDAMN L, LEVANT A. Second-order sliding-mode
observer for mechanical systems [J]. I[EEE Transcation on Automatic
Control, 2005, 50(11): 1785 — 1789.

Y4 R

W (1991-), L, LB, BT A2 A e — S

il ISR, E-mail: j8421jean@163.com;

FER (1964-), 55, #I=, WHFLTT 1 R BEHLEE I R 48 TR

il TCLRAL L . R EE M, E-mail: acniuyg@ecust.edu.cn;

AREESE  (1980-), &, BIHAZ, WEFLTT 8 A T4 i o) 2 4k 2

#illy 234 A5 H RS0, E-mail: yyzou@ecust.edu.cn.



