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Abstract: In large-scale manufacturing, multiple machineries are required to work in a cooperative manner;in high-
precision machineries, the moving parts are required to work coordinately. The synchronized control approach is an
effective solution to the cooperation of mechanical systems,so it has become a hot issue in academia and industry. In
this paper,mechanical systems were classified according to their kinematics and dynamics,and then the synchronized
control approaches proposed for each type were summarized in detail.

Key words: mechanical system; multiple robotic manipulators system; parallel robotic manipulator; multi-agent sys-

tem;synchronized control

IRAC I 8 b AN ™ K AT 55 B 8 5 4% RS Bk Ok B . FEIF 2 IE 0L T B HL I i 45 M L
SERUIE A% AR FE A AT 55 . T2 A PR £ B0E 2 B 1 (6] 25 42 3l BE 6 A 50 e axk 28 ) . R0 ) 1 ]
£ 45 Z MU D1 22 28 sl T8 4% L 2R ShHLIR AL 77 L 2 B sh L2 A B 4 50 o [R) 28 s o O 0k 2 14
TEHLAR 5 G2 1R 2532 3h 1 G Sl T B 3 478 R B 1 8 Ktk 25 o B ok R 9 19 8l ) e ORS T) 26 D A ML A R
gt Kz g s Iy g Bopl 26 500t 5 Z AR W Rl 2P i s B R BOR 5 5 . W BAR R AR — AR
B 1 B R 6 R A0 3 AR i i R v R — S b G fm] 20 158 25 1 28 ST ik DA R IR A0 i B vk iy
KA . BB I 51E 3wk B O A [R]85 08 S DL R 48 AT 40 Z LS R G0 IR ERPLAS AN B BBl
NG AR Z8 etk Za Y . LR FR Go 5 A AR 1 AR 3R M AR 3043 590 1L ) 25 5 i 330 ik i AT 43 5
g5 AR MR EE T AT WULMR S R 20 4 O 2 X R LR R G A — B R B X
——

Y58 B #7:2013-03-08

ELTH:HEAAREI S H (61004080,61273188) 5 INZR A A KA E 5 410 H (ZR2011FM003, ZR2011EEQ023) 5 I R 4
Tl = H @R G BRI 5 b e B IE AR 55 5% & TR A 00 H 7 8 i 4 PR R R X S H (2011-2-52)

EE BN AR 1975 T AR BET N Al 1+ 2N MU R S [l 25 s ) WL 3 95 3 Bl et R Gl 46y T
[ 5% . E-mail : dyzhao(@ upc. edu. cn;dongyazhao@ gmail. com



Illﬁﬂﬁ*ﬁ 2 $£32% E3H Vol.32 No. 3
:l:;éj;@ 20134F 6 B Jun.2013

1 ZHHBERTERTIE

Z U RGAEVG AT I VA N RN T | R AL 15 22 206 A5 Ul A5 21 )iz i Y. e, 24 LA
T it B UM RIS Bl A% G DR AR A A B P AR B — s i R B T D R AT R
e Z2 MU 1) B 981 328 2l 1) it i DI it 00 i 19 ) o G AR U SR e . Z LIRS &R 582 — LR i JE L M ik
A RYGE XK R G R A5 i f B EA A S B Pk SR Y A7 78 2R GE A 0 R0 AP IR T A L 45 o A B
BN R

M BB A5 B AN TR] S 22 HUAMURE () 25 42 ) 530125 0] 20 S 5G4 % [ [m) 20 42 o) F0AT: 55 25 ) W) 20 4] . OG5 8
V][] 25 42 1 0 A 32 B SCHRAE XS 6 o 1 2 MU TARAT 55 2 7R AT 55 25 o) R R R 1Y Y AP AE I8 30
ANy s LI T 1Y W) A5 02 3 0 AN RE 0 DR AT: 55 4 8] 14 W) 20 0z 3y R I AT 55 5 1) [) 25 42 i) 0 o i A F 5 44 5
L1 XAz iEESES

Jiit 44 JEL S, OGS A% 18] [) A5 4 ] 2 4 8 2ok i [ 20 45 ) 5902 L A B A LA AR L D1 Y £ o2 B A R
IKFNFEAPaEE . XS TR RO R G s T FERE A I iR R iE s X R L VRS Jacobian JH [ A]
RS N 24 R G0 0T 52 B[R] 26 42 Bl I, HOR s A 7 s BV AT 52 9000 22 1 ] 2 a2 3

SCHERLLS 142t T —Fh Z2 WU OG5 [R] 2D 45 1 7 ¥ 3 b 07 125 BE 8 78 S Al TH DUV OG5 % 38 B2 L S C
WAL A 2B B AP A IENLE RGN MRS AL, SCERLL6 13— 20 WF 9 1 R 7 B 0
() 2 P ML N1 28 () [A] 2B s il v . SCHk[17-18 Jiz 38 AR A 2 22 f1 LQG (linear quadratic Gaussian)
AT ¥ Bt 17—l R P4 B BB AS SC R G R A X R O RN E IR T A A EN 2 s
ARG AE T2 2 AL EDUUE . SCHERC19 Jis HIWC 4 43 BT (contraction analysis) J5 BRBFSE T LR
SR [R) AP ) 1)L 42 1 T — MR B B A A8 . SCERC20 Jiz HIJC IR -FE 05U, O % 08 T s AR I RE L W T A
T 0 [ 2B i L . SCHR(21 ]38 ) Matrosove™s 2 BT 5 T V- 1 ML AR 1) ] 25 4 o) ) 2 O 75 22 2% HILAK
[ F 7 5 ) o H: [A] 20458 ) R 08 2 R T il e AR A R R, SCERL22 JWE Y T T AR B B AT (leader-
follower) 38 15 #1110 £ 1y 22 HILAE 535 [R) 20 45 10 07 12 o

IR [ 2545 i 7 ¥ 0 Mk D 1 R AT AR AN PR VA BB T PR B0 19 OG5 (8] 25 02 Bl ), R v AT
TEIZ B 2 ANHE R )8, HAF RIS 3 27 AN B0 E PR, OGS [R) P AN BB A AU LA 7T 55 . BAR G &8
(i) [F) 2542 1 2% BE 1 304 I S2E AT [] 4 038 15 190 46 199155 0 o XT3 R 7228 F 0B 6038 15 4 1 i A IR A5
1.2 EE=iEESES

1T 55 725 (8] ] 25 428 il J2 48 FEAILAUE AT 55 25 18] b ;00 300 B2 900300 2 41 AL AW 2R ot $AUA 7 45 194 o7 8 R 8 R T
[ D B . e SR B AR ML AT B4 T AR i AUA T 48 A5 8 R ) U0 i A3 ILARUVRS A 55 2 [l 4 il A2 SR AT g
X Ty ¥R 5 A AT 55 AR OC PRI B W

SCHR[23 118 A2 BB IR 2 HOR R I T — AT 55 23 1) [ 38 0 [ 20 2 i 30k . SCilik[24 138 ] Terminal
TR 1) i B AR T — AT 55 A () A IR O ) [ 20 4 ) SR . SCHRL25 TR 5 17 ik {1 e 0 a0l % 1) 1 A [ A0
PR R A RO IR R G R B SEOAH e SEIBE AR e . 3R SCHR B e MUBUE AN A7 7 18 3 2 N iff
P, BIPLARE 09 Jacobian I AT LIRS A 284 . 7R BLSE b o o T LA 28 8 TUBOR [ RS 19 T e T i 565
T TE 56 T 108 22 5 JRU IR L 328 224 AN B 2 M DA SRE 6207, 5 SRS Bl AN s PR RN BN ) S AN E AR TR I £
BUBE [ 20 42t B A7 o 2 B S S0, IR A 3e b o Bk A .

SCHR(28 Jis 2 B ReiA — B0y Js B, 38 1 7 —Fb 11 38 AT 55 2 [ R 25 45 7 1% L GRS ST IR R G B AN
e PR SO I8 R GE 8 Jy 2 ). SCHRL29 Jiz FY B a0 428 ) Dt 3R 52 SRS G 45kl O ik 4 il 17—
2 1838 B2 AR E PN B ) 2 S E MY & Y Jacobian AT 45 25 a) [A) A5 ) O k. SCHERC30 AR AL 2% A
RGN TRIRNE BT T — P T 55 a3 18] [F) A0 42 ) 5 % L BERS S B3l ) 22 S BOR [R] 18 Z2 HLUE [R] 20 42 )

[F) 1N 2% 16 3l 2 A 0 M R 3l ) 22 S M AT 55 5 ) ) 0 4 R B IR AL A Sk i T R4S
SN R R 5 ) AR RS AN T2 i . 4 F 2 3R sl MR F1 T 4% 3R Sh HLRCE i 4T 55 2 1) [R] 25 4
Tl BEA AR WY Ko, X S ) EAE BRI BIFIY b B e AR X B o A SR 2 s 722 (1 ) S DS 135 0 b o [ DR B Sy 5



2 3 Journal of Shandong University of Science and Technology
U Z 6 B & 42 ) o kA L R

2 HENBARTIES

FHER ML 2 A — A B P ALY HAT BRI AR AR 52 BB % 7R PH A R i) B 28 A DR R il v B A
A 38 AT AR AT R AT AE BRI ZR AR L R BRAL A A AE IS Bk B b T ORI SO UM E IS 3 A
REME L F 5 BRER BRI . A2 eI HEALAR A5 5005 0505 i 1% 15 09 (60 38 BRER L R 25 18 4% ST =2 18] ) 5 3
()AL R T AR el PR RE Y BE — R iR o JRIBCALAR AR]85 2 il 350k RE A8 () i ik 9 L 5 07 28 BBt R 4% 52
FF 22 1] 0 ip 8 1), e AR P b oy 1 R GE P il PR i

SCHRE33 I » 25 4 AR AT B 52 P oy e 5 LA R 38 2 EE AR A A5 I O BB AL e A BRIV ) [ 2z BlpR 2
BT IR & AR T — A A - AR R PR O3 i . SCHRE 34 8 M 1 — BN B A i T 8l 2 A R Y O Bk
PLAS N TR]25 P2 Ok o SCHRLSS T4t 1 — Bl 5 T IF AL &% A Jacobian R [ #4 [R] 26 12 22 19 1 3 17 [a] 20 42 1]
Tk SCHRL36 8 T —Fh BEAE X 22 Pl Pk B8 4 HEAT DR AR O D[R] 28 45 05 3 . SCHRES7 TR T — Mg 2
O[] A 5 1 75 3 - AEAURI IF BRAL & A Oy 25 (8] 3 ) s U 25 K 14 26 PR T L BE RS DRI R G dE AR e . SCHik
[38]3iz ] Terminal #3454 J5UBE L $2 Y 1 — A7 BRI )RS A9 [] 25 45 ] 5 % - RE W8 DR TE DR R AL 4% Az 3l ¢ 1 78
A BRI A NI B F iz 8 . SCHRE39 JHESE T ICARIFHR AL Nz she ok $2 i T — R T AR IR BRPL A% AT 25 4%
5

BATER XIFIRPL s N B s i i R i T — RIS R ZEM S IR B0 T2 AR R . R
T AL N3z Bl 2 58 R AR W S A% DA B4 ) 20 5 1 50 32 AR 24 52 2% Aoy 3 3 — 7ol 767 0 8 280 ) A0 42 ol
R —AA P IETT R . 25 Jacobian H B A7 75 AN 5 P4 I o Q] 5 3 [] 25 45 1 500k B R AB A 2E—
A5G R [

3 BELEE AN GBI

F AL &R A 4 BN 1% 22 42 4 BN L AT i 2 AR TR S A B 25 o IR R GEAEIRET L T4 AJC AR BL
HA TR o A — B0 i 50k HRECRIERS sh LA A S 305 A 0 22 1 BAJES i % 1 HL 2 3 ad B2 O ok
INCLZTR . [ A5 4 1 7 v BE A8 R AIE RS Sh AL A AE BRI 25 A 01 BR300 199 () I S BAT e 1) AR AL i, 2 — e
CEERCPINE N GE D RF

SCHRL42 Jiz i 28 SR 45 0 22 e BRI [ A5 5 0 07 3k« 3 HH 0 — P AR s AL A 4 A2 1 O vk . SCilik[ 43 iz
P2 SURB 5 02 22 IS A Terminal WA 75 3% . Be it 77— ol A BRI 18] 5[] A5 4 4 BA 2 o) B3k . Sk [ 44 ]
iz IR 23 M B BRAIE TS 1 25 18] KA i A 7] 25 20 BA 422 1 07 3 o SCHRL A5 TAR 3 Terminal 345045 i I LR M T
— Pz ] RAT AR A 2 BA AR ) D i o SCHRLA6 TRIESE T s 1) RAT 5 A BRI 18] A2 5 7] 28 42 il

# Bl HIL a3 A i B T 2 — A PR S A . [R5 T 3 D R R AR O il R R R R I T — BT 2
AR Tr % . EHTIS R A5 42 ] 5 ik Ak ke s O 1) 2880 1) 0 5 O TS 20 Je s TRl AR . B % B4R ) g ST
TN R [ A5 bR BRI [R) A5 18 22 O A6 e BE Al e 68 M i 9 () 25 4 ) 0k TR R AT MR 2 55 .

4 ZERE—ZEH

228 RE VR A ) 32 BEAE 5 TP JO e 1 {07 R 3 — R R LA AR A ) 20 4 R 22 R A — B A —
AEEEWE . BT 2R R B AR RO SR T R R R TR, £
B RE PR — B 0] B 22 B0 RS R R A F 58 3 A TR T A AR I AR I S L IS R F M R

SCHRLA8JWESE 1 B AR 70 2 S8 A I 2238 15 # DFIINE A8 1 A8 — Bope il (). SCRRLA9 JWFSE T B HCIE 2t &
GEAE A T AE T A — A ) A SCRRES0 TS 7 XURR 23 28 G 7 3 B2 AN ] 000 4% o i o 6 A0 A 155 0 8 B9 —
BRI A, SCHRES 1M IE T i B 4k R G AE I 2258 (5 B B9 — B il a3, SCERES2 058 17U &
GEAY A BRI 1] — ZCPAs il () A, SCRRLSS T4 17— i T 400 S 2 308 i 8 36135 4 F A9 1 36 07 9 A — Bk

KT Z B RE VR — S i U A BE T 7 1] Bt T AT 4 B 09 332 2 R] A2 ) SCHiR [54-58 1A b Ferp g 51 3¢
A A ——FEik .



Illﬁﬂﬁ*ﬁ 4 $£32% E3H Vol.32 No. 3
:l:;éj;@ 20134F 6 B Jun.2013

2208 RE AR — B ) e R AR TV T O VAR T B . ROAR X Ty i R AT R R R SR AN RE LR
T AR R HLIK ZR G - (00X 86 T7 35 55 W X T HILBR 2 48 [ A5 2 il B AT AR 4 090 53 R A T LT 50 R DA L
Bl 2R G () A0 P B A4 1 R A BRE SRR AE A AR O R B

5 HFitSRE

BLA 3 G2 [7) 25 428 2 — A7 (0 BIF 9 000 0 AR WUAT 1B RE i . A [] 2 Sl AL 2R ¢ 1) 32 3l 2 A8l )
S AR 26 L e, PR G () 2D R ) B B BRI 2500 . () 2D A i B s B AR BT X R G is sh R AL E
SCHA G 8 T) 25058 22 MRS [ 20 428 ) 3 1 92 R AE 74T 55 R i3 R AE i Bt . G — o5 B [ 25 2 7
NAARKAYIAE . BARF LG A TV 2 st BAN IR A AE — SeRL 27 [ U AS 3 — PP SRR .
D AUBK 28 Gt 1 A L P A5 A A8 A5 A7 70 ) A28 0 I 722 4 I g [] 20 4 o 50 0 A L Pk e L (A i — 2D IR R
2) B e —BUE SIS T 45 B EIE R L A5 5 28 RE IR — o ) BIE OF ST AL R G R 2D O kL R
— AR BIIEFETT 15]
3) [) 20 il R AR AE B B IRUAS — 5 & i (HL A S B 1 rhoRE X e /b G 32 S I R 7 1 A O 12 R
A A AR N v 32 B0 BR A L B SRS 0 R A A R Bk B R SRR
S 23k
[1]Cui R, Yan W. Mutual synchronization of multiple robot manipulators with unknown dynamics[J]. Journal of Intelligent &-
Robotic Systems,2012,68(2):105-119.
[2]Nuno E, Ortega R, Basanez L, Hill D. Synchronization of networks of nonidentical Euler-Lagrange systems with uncertain
parameters and communication delays[ ] ]. IEEE Transactions on Automatic Control,2011,56(4) :935-941.
[3]Shang W,Cong S.Jiang S. Synchronization control of a parallel manipulator with redundant actuation in the task space[ J].
International Journal of Robotics and Automation,2011,26(4) ;432-440.
[4]Chen G,Lewis F L. Distributed adaptive tracking control for synchronization of unknown networked Lagrangian systems
[J]. IEEE Transactions on Systems,Man,and Cybernetics,Part B: Cybernetics,2011,41(3) :805-816.
[5]Rinaldi F,Chiesa S, Quagliotti F. Linear quadratic control for quadrotors UAVs dynamics and formation flight[J]. Journal of
Intelligent &. Robotic Systems,2013,70(1-4) ;:203-220.
[6]Chen C S,Chen L Y. Cross-coupling position command shaping control in multi-axis motion systems[ J]. Mechatronics.
2010,21(3):625-632.
[71Jiao X.Mei Z. Reduced-order observer-based robust synchronisation control of cold rolling mills with measurement delay[ ] ].
International Journal of Control,2010,83(10):2080-2090.

[8]Zhang L B,You Y P, Yang X F. A control strategy with motion smoothness and machining precision for multi-axis coordina-
ted motion CNC machine tools[ ] |. International Journal of Advanced Manufacturing Technology,2013,64(1-4) :335-348.
[9]Jiang J G.Zhang Y D. Motion planning and synchronized control of the dental arch generator of the tooth-arrangement robot

[J]. The International Journal of Medical Robotics and Computer Assisted Surgery,2013,9(1):94-102.

[10]Portillo-Velez R D, Cruz-Villar C A,Rodriguez-Angeles A. On-line master/slave robot systems synchronization with obsta-
cle avoidance[ J]. Studies in Informatics and Control,2012,21(1):17-26.

[11]Nijmeijer H,Rodriguez-Angeles A. Synchronization of mechanical systems[ M. Singapore: World Scientific,2003:1-13.

[12]Ren L. Synchronized trajectory tracking control for parallel robotic manipulators[ D]. Toronto: University of Toronto.,
2006 :1-20.

[13]Chung S J. Nonlinear control and synchronization of multiple Lagrangian systems with application to tethered formation
flight spacecraft[ D]. Boston: Massachusetts Institute of Technology,2007:1-17.

[14]Nair S S. Stabilization and synchronization of networked mechanical systems[ D]. Princeton: Princeton University,2006:1-21.

[15]Rodriguez-Angeles A, Nijmeijer H. Mutual synchronization of robots via estimated state feedback: A cooperative approach
[J]. IEEE Transactions on Control Systems Technology.2004,12(4) :542-554.

[16 ]Rodriguez-Angeles A, Nijmeijer H. Synchronizing tracking control for flexible joint robots via estimated state feedback[]].
ASME Journal of Dynamic Systems, Measurement,and Control,2004,126(1):162-172.

[17]Xiao Y.Zhu K, Liaw H C. Generalized synchronization control of multi-axis motion systems[ ] ]. Control Engineering Prac-



2 3 Journal of Shandong University of Science and Technology
U Z 6 B & 42 ) o kA L R

tice,2005,13(7) :809-819.

[18]Xiao Y.Zhu K. Optimal synchronization control of high-precision motion systems[J]. IEEE Transactions on Industrial
Electronics,2006,53(4) :1160-1169.

[19]Chung S J.Slotine J J E. Cooperative robot control and concurrent synchronization of Lagrangian systems[ ] |. IEEE Transa-
ctions on Robotics,2009,25(3) :686-700.

[20]Chopra N,Spong M W, Lozano R. Synchronization of bilateral teleoperators with time delay[ J]. Automatica,2008,44(8) :
2142-2148.

[21]Ren W. Distributed leaderless consensus algorithms for networked Euler-Lagrange systems[ J]. International Journal of
Control,2009,82(11) :2137-2149.

[22]Mei J,Ren W, Ma G. Distributed coordinated tracking with a dynamic leader for multiple Euler-Lagrange systems[ ] |. IEEE
Transactions on Automatic Control,2011,56(6) :1415-1421.

[23]Sun D. Position synchronization of multiple motion axes with adaptive coupling control[ ] ]. Automatica,2003,39(6):997-
1005.

[24]Zhao D,Li S,Gao F,et al. Robust adaptive terminal sliding mode-based synchronised position control for multiple motion
axes systems[ ] ]. IET Control Theory and Applications,2009,3(1):136-150.

[25]Zhao D, Li C,Zhu Q. Low-pass-filter-based position synchronization sliding mode control for multiple robotic manipulator
systems[ ] |. Proceedings of the Institution of Mechanical Engineers.Part I:Journal of Systems and Control Engineering.
2011,225(18) :1136-1148.

[26]Liu C,Cheah C C,Slotine J J E. Adaptive Jacobian tracking control of rigid-link electrically driven robots based on visual
task-space information[ ] ]. Automatica,2006,42(9):1491-1501.

[27]Braganza D,Dixon W E,Dawson D M, et al. Tracking control for robot manipulators with kinematic and dynamic uncertain-
ty[ J]. International Journal of Robotics and Automation,2008,23(2):117-126.

[28]Cheng L., Hou Z G, Tan M, et al. Multi-agent based adaptive consensus control for multiple manipulators with kinematic
uncertainties| C]//IEEE International Symposium on Intelligent Control Part of 2008 IEEE Multi-conference on Systems
and Control. San Antonio, Texas, Sep. 3-5,2008:189-194,

[291Zhao D Y,Li S Y.Zhu Q M. Adaptive Jacobian synchronized tracking control for multiple robotic manipulators[ C]// Pro-
ceedings of the 30" Chinese Control Conference. Yantai, July 22-24,2011:3705-3710.

[30]Liu Y C,Chopra N. Controlled synchronization of heterogeneous robotic manipulators in the task space[J]. IEEE Transac-
tions on Robotics.2012,28(1) :268-275.

[31 ]Merlet J P. Parallel robots[ M |. Netherlands, Dordrecht: Kluwer Academic Publishers,2000:1-30.

[32]Dasgupta B, Mruthyunjaya T S. The Stewart platform manipulator: A review[]]. Mechanism and Machine Theory,2000,35
(1) :15-40.

[33]Su Y.Ren L.Mills J K. Integration of saturated PI synchronous control and PD feedback for control of parallel manipula-
tors[ J ]. IEEE Transactions on Robotics,2006,22(1):202-207.

[34]Sun D,Ren L, Mills J K,et al. Synchronous tracking control of parallel manipulators using cross-coupling approach[J]. The
International Journal of Robotics Research,2006,25(11):1137-1147.

[35]Ren L,Mills J] K,Sun D. Adaptive synchronized control for a planar parallel manipulator: Theory and experiments[ ] |. Jour-
nal of Dynamic Systems, Measurement,and Control,2006,128(4):976-979.

[36]Ren L.,Mills J K,Sun D. Trajectory tracking control for a 3-DOF planar parallel manipulator using the convex synchronized
control method[J]. IEEE Transactions on Control Systems Technology.2008,16(4) :613-623.

[37]Zhao D.Li S,Gao F. Fully adaptive feedforward feedback synchronized tracking control for Stewart Platform systems[ ] ].
International Journal of Control, Automation,and Systems,2008,6(5):689-701.

[38]Zhao D, Li S,Gao F. Finite time position synchronised control for parallel manipulators using fast terminal sliding mode
[J]. International Journal of Systems Science,2009,40(8) :829-843.

[39]Shang W.Cong S.Zhang Y.et al. Active joint synchronization control for a 2-DOF redundantly actuated parallel manipula-
tor[J]. IEEE Transactions on Control Systems Technology,2009,17(2) :416-423.

[40]Ren W, Beard R W. Distributed consensus in multi-vehicle cooperative control: Theory and applications| M ]. London:



Illﬁﬂﬁ*ﬁ 6 $£32% E3H Vol.32 No. 3
%—_‘éj;@ 20134F 6 B Jun.2013

Springer-Verlag,2008:1-40.

[41]Qu Z. Cooperative control of dynamical systems: Applications to autonomous vehicles] M |. London: Springer-Verlag,2009 .
1-32.

[42]Liu S.Sun D,Zhu C. Coordinated motion planning for multiple mobile robots along designed paths with formation require-
ment[J]. IEEE/ASME Transactions on Mechatronics,2011,16(6):1021-1031.

[43]Zhao D.Zou T. A finite-time approach to formation control of multiple mobile robots with terminal sliding mode[ J]. Inter-
national Journal of Systems Science,2012,43(11):1998-2014.

[44]Chung S J, Ahsun U,Slotine J ] E. Application of synchronization to formation {lying spacecraft; Lagrangian approach[]].
Journal of Guidance,Control and Dynamics,2009,32(2) :512-526.

[45]Liu H,Li J. Terminal sliding mode control for spacecraft formation flying[ J |. IEEE Transactions on Aerospace and Elec-
tronic Systems,2009,45(3) :835-846.

[46]Du H,Li S,Qian C. Finite-time attitude tracking control of spacecraft with application to attitude synchronization[ ] ]. IEEE
Transactions on Automatic Control,2011,56(11):2711-2717.

[477Sun D. Synchronization and control of multiagent systems[ M. London; Taylor &. Francis,2010:1-28.

[48]0lfati-Saber R,Murray R M. Consensus problems in networks of agents with switching topology and time-delays[J]. IEEE
Transactions on Automatic Control,2004.,49(9):1520-1533.

[49 Moreau L. Stability of multiagent systems with time-dependent communication links[ ] |. IEEE Transactions on Automatic
Control.2005.,50(2) :169-182.

[50]Ren W. On consensus algorithms for double-integrator dynamics[ J]. IEEE Transactions on Automatic Control, 2008, 53
(6):1503-1509.

[51]Ni W.Cheng D. Leader-following consensus of multi-agent systems under fixed and switching topologies[ ] ]. Systems &.
Control Letters,2010,59(3-4) :209-217.

[52]Li S.Du H,Li X. Finite-time consensus algorithm for multi-agent systems with double-integrator dynamics[ J]. Automatica,
2011,47(8):1706-1712.

[53]Zhao D, Zou T.Li S,et al. Adaptive backstepping sliding mode control for leader-follower multi-agent systems[J]. IET
Control Theory and Applications,2012.6(8):1109-1117.

[54]Ren W,Beard R W, Atkins E M. A survey of consensus problems in multi-agent coordination| C]//American Control Con-
ference. Portland.OR.June 8-10,2005:1859-1864.

[55]0Ifati-Saber R,Fax ] A.Murray R M. Consensus and cooperation in networked multi-agent systems| ] ]. Proceedings of the
IEEE,2007,95(1) :215-233.

[56]Liu Y Y,Slotine ] ] E.Barabasi A L. Controllability of complex networks[]J]. Nature,2011,473(7346) :167-173.

[57]Li Z.Duan Z.Chen G, Huang L. Consensus of multiagent systems and synchronization of complex networks: A unified
viewpoint[ ] ]. IEEE Transactions on Circuits and Systems-1,2010,57(1) :213-224.

[58]Ren W,Cao Y. Distributed coordination of multi-agent networks[ M ]. London: Springer-Verlag,2011:1-43.

(ARG 3. & L 4r)



