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Abstract: Distributed control has attracted considerable attention from control and other scientific communities. Com-
plex nonlinear uncertain dynamics is ubiquitous in control systems, and the distributed control for this kind of systems has
not been fully studied. One fundamental problem is caused by the coexistence of constraints on information exchange and
complex nonlinear dynamics in distributed control systems. The cyclic-small-gain methods have recently shown to be a
powerful tool for the design of distributed nonlinear controllers. This paper reviews the main results on the cyclic-small-gain
methods for distributed control, and pinpoints several directions for future research.
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vi'=~ 2 Wi—yk), i€{l, L NJ\L, (39)

Ni keN;
Hh N Z2EEGN BT ES
I, My ey
Yt = Yi — i (40)
Hrp:
1
i — /7 ) Ev 41
I Ni+1k§&yk i € (41)
1 )
i keEN;
AR, 0T H AR,y BT AT PUREUAE B 7R

DU b et wh, ey 1 1 R R
KA A Bt 3K ML AR T A 11 i
RS2 AR 5. 31 Ry = 0, IR 23 FT LLAE
FHAE AR Mt 2 s B ke b

X L& 5 R G(35)-(3T) ki S B g, ek i R
TR A

éil =&io + Linkin + pin (6 — y)"), (43)
&ij = &+ + Liganén — Lij (&2 + Linka),

2< ) <ny, (44)
éz’(ni+1) = V; — Litn,41) (&2 + Lin&in), (45)

Ho:pg c R — RAE& A"k T BEIK A BRI 2L, Lo,
ooy Ly, #2520 AEIXAS I ES Y, & Aty 1)
T, €52 < 7 < g + D), — Lijy BffivhHE.
X B @)y kil vyl v = By % Bl (k
€ N st 2 e Ath B 3 44 (0 428 ol 3 2 19 5 i I AL
X(40)). K FECT A B BRI SCHE. @R
71, T(43) T AR LA B K o0 R RN 22 25 2 G
B NG E (AT Re ARG M) 38 25 AT AN PR 2R
G 2 [ /NI 25 A5 A RSP A AR E S
PRI 202 /NI 2 12 R U E (R DG T 7. WL )
T (44)—(45) & H TR SCHR [67] oML Be THARALL ) A
AL AR 2, X EAE & AR A T SRy,
FET RS, Bt

en =&, (46)
eij = &ij — Kig-1)(€i(j-1))s
2<y<n;+1, 47)
vy = /‘Gi(m+1)(€i(ni+1)), (48)
:/H;I:F‘K/ila Ty Hz(n1+1)%lz%i%éiﬁj‘%‘\ P}:%—Fﬁ%\ ’/Géﬁ
ToIHET RREL

L L g, AN H B R G AR
e J5 10 [ AR R G6(35)—(37) M5 T W0 0 28 () 43 A1 =X
IR (43)—(48). B3R5z H EARHER.
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'{%‘Zz = [l‘;l l’i(nﬁl) &-1 gi(ni+1)]T%
VERBEA 21 A FARMPIRS. DI BE245 T %A 5245
H EARUOMIOSHE.

IR 2 h1(35)-B7)HI43)—(48)H ik i & A
T AR, Dlug ANy, B W FUOF
TOSTETT: AMEEWIAIRESZ,(0) = Zi FUT R s, wy,

1Zi(t)] < & (| Zio] + ||1il0.01) 49)
|y ()] < max{B3;(|Ziol, ), x: (Il all0.01)
’Yi(”wiH[o,t])} (50)

XFAT At > 08 Bl ar, Forb: B, e KL, x4y 75, i € Koo
AN ik, st EIs, v R RN, S e R
WEb; > 1, xi(s) < bisH T s = 0HF 0L
5.2 [A]#% /N 25 ¥ (Cyclic-small-gain synthesis)

DL A= R s v IR 2 A AR S
A HIOS ¥ R G I IR R 4. AN 5 AT
A ) ] /NS R e T ) R BRI

EE3  HIEZ HEERRLQ)-B0)i Lk
1-2. R L # o HAEMEGHA ULt E
TR AR, B Al o] B v o A O 8 (43)—
(45) 73 AT FERIHL(34), 3 (46)-(48) 3 I 2 B 1
ERGTPTE PGS HH S, I HAA B FAAR
Y WS I S AR o IR AT 5 /INER SN . AN bk, 5
w; =00 =1, , N), WPy 8RS E yo.

WS RS (Va) < nf 3 Ba,

=1
- a, >0,

Zd—Z

=1 Wq
Xﬁﬁﬁﬁdh ey dy = OFBRRAL.

FH 3 12 L (41)—(42)) T 14
|| < 0 gé%{aik!y;’gl},

N;
5, =4 N;+1’
1,

Qi AW AU T Z AT IEH AL

1
—a;d; gnlrgax{ad}

G}

(52)
Hr

1 €L,
i¢ L,

(33)

(54)
keN; Aik

HH 2 (50) "X HMERWIUIRE Zio~ TR w;,
ly; ()| < max{B;(| Ziol, ), vi([lwillj0.61),
bid; géf}\}f{aik lyillo.}}

XAt > 0#BRAL.

e N, k€ Ny, a5l A B Ge i ) i 4%
(k, )M a,. & XCHGH TSI E, 2 X
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N
A 1, OeC
ON+1< ’ € (g,

Ao < 1, O e C\C,

M 45AF(56)—(57) Wl th 5 | #L 1 HRAIE.

F B BE2 AT 4, A0 86T Hhw, A7 5. A R G
UOAIOSHFPERT 11, HIA RGP A 5 A1 7. i 5
B2, 3988y, PR AT/, I A A w, IR
/N, TEHE R B SE Byt 2SR i AR RN AT A
ST, gy TR R Bl yo AR R AN AT, Hw; =0(i=

-, N, Brf iy, Bt y,.

5.3 Xt i B9 & #8 P (Robustness with respect to
time-delays)

AR H AR AR EAT HAFAE I iy, A5
T (38)— (39) & Ly B 1E K

(55)

(56)
(57)

w0 = (D 00—l = 7(0) +
(yi(t) — %)), i € L, (58)
(1) = iE (0(8) = el = s (1)),
ie{l,-- ,NN\L, (59)

Hrpry, Ry — R RR(E DA 1A I
Eﬁﬂ“ FEOLT, y ()R AT Sy (t) = yi(t) -

pi(t) = Z Yt

z keN;

—7ix(t)), i € L, (60)

Hi ( ) Tik(t))a S {17 T aN}\‘C
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BRAFAE— AT 205X =1,--- N, keN;
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WU Eihig, M2 3 R RGN 2
MOSF R G A5 AR I R BE R 4. T ix 2k
FRGR, A1/ N i BRATYARAT RN, FE3 A2 8 B3 IR 45 1
(IGO0, R ) Bl v 1 /8 358 2 45 SAT R T LUARIE
M2 [ AR RS HUOFIOS.

6 HAhAHILSE B (Other related results)

TEERSTY, B8 — 2R s U AR LR AN
RGO T A N s R A, AR T A
AT LA ARG B 7 2 H A7 P 5 30U ).
FEMEIERE b, AT A2 P AH OG5
6.1 CRARGHITE ML (The case of state-feedback)

[FFESE TRl /N Za v v, T4 2R 51 g HY
S g B, T DU EE B A T — BB A AR L P
R A 2R AT 8L SCHR[68]7% 8 T W ~ A
AR R TE A RS

Ty = w1y + Aij(Tig, wi), 1<j<ny, (63)

Li(n;+1) £ Uy, (64)
Yi = Ti1, (65)
Hfzg - @i, ]T =2, e R (z; e RA < j <

n))E B B EEREDIRE, u; € RAEZ HFH Fy A,
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= Zo AT, wi e

12(t)] < a"(1Zol + 0]l 0.0 + Iwllpa),  (69)
[€(@)] < max{5(|Z|, 1), v(I61[10.0), x(llwllo.0) }
(70)

XAt > O#8IAL. JF H., 38 5y AT AR TP AT S
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6.2  ZmPBAFEEHI(Formation control)

SCHR [42)143 FH /N8 25 5 B Ui ok 1 A6 B0 daoxst
AR NSRRI N TR g T

FIEN + IR BhpLas NI AF il 1) /. X =
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T; = v; cos b, (71)
U; = v; sin 0;, (72)
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PERGER T4 45 75 e TR UE S 18R ™ 4 4 1. 11i7id
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e, APLE NG I TR A r, € RIE7T

v =71 (74)

3 X vy = v;c080;, vy =v;sinb;. M A, & = vy,
Ui = Vyi- XﬂLvm inﬁigrﬁmg‘
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Vi cos ; —v; sin 6, T
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Uy S1n 92 V; COS 92 w;

W, # 0, BT

cos@; sin; ]
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