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Decentralized adaptive control of
large-scale nonaffine time-varying delay systems

ZHOU Shu-jie, ZHANG Tian-ping
( College of Information Engineering, Yangzhou University, Yangzhou Jiangsu 225009, China)

Abstract: Based on the approximation capability of the neural networks, a decentralized adaptive neural network control
scheme was proposed for a kind of unknown time-varying delay non-affine interconnected large-scale system. The unknown
nonaffine functions were separated by the mean value theorem, while the restrictions of the unknown time delays and the
uncertain time-varying delay interconnections were relaxed by utilizing the separation technique and the Young’s inequality in
the design. The number of adjustable parameters was considerably reduced. In addition, time delay uncertainties were
compensated by using Lyapunov-Krasovskii functionals. Through the theoretical analysis, all of the signals in the closed-loop
system are proven to be bounded, while the output tracking errors converge to a small neighborhood of the origin. The
simulation results show the effectiveness of the proposed control scheme.

Key words: adaptive control; nonaffine system; decentralized control; neural network; unknown time-varying delay

0 3%

Teid 5 T 24 R, ARRPETIRC R FLRYEE G FREE
T A ERGIRE RN 20T, AFTER, X TERR
GEROPER, o3t B A R S R RN T
BRI R AN ERRRE RN T RENES, EH
S BT RSL T RIS T RS WL — TR
SMERGBOTER AN LA, SCRR(1 - 8] M H Al —2e30H
ot —RA A BN RGN T SR B A BT
R, RTSCHK[ 1 -8 13 A B I8t T3 5k . RGREN
BN BT B IR AR, I A T4 T
WRGE S, IMER RGPS R R, WA E (4G
REMO T S&HERREME L. FIERRLER Q@M=
L SRR T R GBI R M o SCRR[9 - 13 14F %) —
REA WA E LK REIT T H 08B E M
AR, SRTGSCHRTY - 13 ] B 2% 18 22 48 1 ANl 1 R L BRI 20K
R VLR A, SCER[ 14 17E3CRRI9 — 13 ] Bt 1 Jo
AR HIE TiX— 25 M BB BRI, S — AR LR o I
ARG T —Fh R E TR, Bl TE#ERT R
B BAERR T2 REPTE N GERURMET R, 8T

Wefs B #E:2010 —07 -22;4& 6] H #7:2010 - 08 - 31,

MRix—eps, SCR(16 - 1815 AT ZiaEFA, REGHERK
G PEI AN —Bris Bk B g A G,
GRS HES TR B, SCHR (19 - 20 ] 43 S B X — 242 11 9 25
BE RE/E MK LW A £ % H (Multiple Input Multiple
Output, MIMO) FE£R LI AS i 2240, 22T Nussbaum R &
By sl R, @l A max pRE I 7% 22 108 K
¥, A Lyapunov-Krasovskii ¥ iR, BF2% T —2AR 2R Pk it o
X iorE vt il
BRSBTS R R E TS RSB RImM, B2
—SESERRI R GE, WAk BT i AR BN BB RN U 3
Ko FAEMRMAARULERER M, @45t
BRI AR REAE, B AR ARk R e sl
B BRALE, EERKKRGEY, FREMHBIELE
BB H AT E TR AR A, RECRHERIEZ R RS s
GGk AR AR LR PR, SCER[ 21 13— R S/ 3k
it R R ARLEERCR RS I T PF R R 8 H &
MERITR. XER[22]BI5E T R BEAFSHEIEMHAE
LA R G E W GORZS SRRt SR Rl RE, % B
i A By H (Single Input Single Output, SISO) 2~ fn
MIMO™™ A itk e/ IMEL AR R E R 52, SCAR[ 23 - 27 142

E&WE : B AR EE S H IIE (60874045 ; 60904030 )  TL3548 B ARF}22 3 & ¥ ) B (BK2009184)

EEE T JAMAR(L987 - ), B ILIRMER A B, EBIR I W« B3R 2 R 45 ;

AR S, BT 1 ORI | B R AR

HRF(1964 ), B ITHRMAL B,



F 28

RRAE N EHFETHRAAG IR GERTR 479

T B R T S A w2, A ) P e 2 ) 4% Kol AR 2R o B
TEIER, WEE N SBRENE KERNSEERY, 3
— BT, SCER[28 TR T —F BT R R, KRBT B
BN BRI, EEEREYHEBEN B EAE
FRERIHE

ARSCEFR—2Ki N M ERAT EIEREFREH RN
BB ESRAT S ARG KRS, 8T
—Fp L B BN S WA IR R R, R R AEER
R BIEAMMIEL R, B HEBGE M1 Lyapunov-
Krasovskii 37 PR#M%E T 22 4t (5] #0 B4 Y 19 >k H1 B 48 B i B 5%
AWET, Frigilog B s RS R4E TR RS AN
{582 Fm—8A AN, FeHE S RERZWSE — /b
SN, SBUERMSS RAE, ARCHTRNEITFRIT .
1) # BB B R AR5 B T8 s 2) MR
AN Young's ANZEZHTE T RoF oF 1 A ¥ A0 Bsf 25 e ifF B S T
EW RS, R ESER p, (x,(1)) KEE 1y » T A
FREC AN 3) BT IR M AY 1 o L R R A B T A
Y I E R T R RS BT E 2 N 17 T A =X 51
4) Eid#H Young's RERAMEMI AR, X s, = 087
oo Z,) BESN, BHES ASNERE NESEH
q(s; 1 ¢,)) "0 5) FERE VT IA v is AR T AT 3, AT (315
REHIEHE A, AR TXEI19]13HEW s, e 2, A
S; & 'Qsi %‘%Ro

LI oy A RO R

gl N A HERTE AT REAR KRS, 8
iNT RGBT
: j=1lom -1

Xy = X

%y, = filx,,u) + A (x,%,) +d;(x,1) (1)
¥ = %30 =1,2,-- N
K x = [x,x5,,,x]" e R ZRRGEMNLHREER,
X, = [y, 0,1 (0 = 1, ,N) B8 i T RENIRSZE
B;u, e RMy, e RAFIRS I MFREMERMATRE
Wit x = [0 - 7 (0),x50 - (), a0 -
()17, Bl a (1) (3 = 1,0+ N) RAHPRAS AR 5
Silxu) BARRFESCIEEBE, A(x,2,) (0 =1,2,,N)
RFEA R T RGN RO TIRIN, BRAR AR ¢
B d, (x,0) IREBHMBAFME M1 e [ -7,,,0] I, 2,(2)
= ¢,(1) 0. () ATHMBIIRAS H B R, EHE 7, 1
R SCHER S BB 4R i
A SCRIEER] HARIE S RGE BT 431 B 8 A 2 R 2
wmou R REEL y REEEZEOHBERD
yuli = 1,2, ,N),
B x, , e; MIEPLRZE s, T

xy = [Yusdu,ya™ ] e RY (2)

e, =X, —-X, = [eil’elz’...yeini]T (3)
d ni-1

S = (E"—/\i) ey = [AT1:|ei (4)

HPA=[8,0, 9,1 BELERMRE DR, B
st ﬂ"i_ls"i_z + o0+ 9 JE Hurwitz Z2T0R,,

SR RBNT
fu,i _ aﬁ(:;:u,) (5)

%0, C RO, CREFMETE, EXH M TR

SR —MBHN T, = {(x,u) | v, € O,,u, € Q)
HTHIRRE R B BRI G hEe, T EE,
Bkl XMNFHIANTRE( =12, - ,N), FLE-D

ERES #1150 < f < f, PIor.

Bi%2 x,=lag,y "1 e, CR" (i =12, N),

He 0, ROMEE, |z, || sc, c—TEF.

Bk 3 HERMOERESBR m(s) F5
|d.(x,0) |<m(x)(i =12, ,N)BOL,

Bk 4 RAELER A, (v,x,) WHREP .

[A (x,2,) |< k(%) * a(x,) (6)

Hep: w(x) 21 BRATEEESEE; 1 < o(x,) <

2 pu(m (= 7,(0)) ) 3y (x,(1) ) REARINIEMIELE AL, i =
1,2, No JUR(6) ATUB A :

|4 (o2, [S X w20 (5,6 = 73(2)) (7)

BAE S RAPPRERZERFERL 0 < 7,(8) < T
7i(1) STp <10 =12, N) Hrprr,, fl7,, EARHIIE
HH

lim[ tanh( RANE

20T Lo, s REMEHIR,
B ENEED (0= 1,2,-,N) P,

2 BRERO EXH O = {51 |5]<
0.88145,} (i = 1,2, N), WX TFs ¢ 0, , A%RX[1 -

5181

2tanh2<%> ] <0 ®r™,

2 AW B RET
2.1 ZEEREHERNE

Bk 2, B—A %5, f 4 M 2 K3 (Radial Basis
Function, RBF) 122 [0 48 R B I A 50 e ¥ i g o, (Z,) :RY —
R,

¢.(Z) = W/S(Z) (8)
He.Z, el e RUFRME KA R W, = [w, ,0,,
cowy 1T e REFBRKRAEE; I > 1 HHEITTT SEGS,
(2,) =[s4(Z,) 155(Z;) o5, (Z2,) 1" e REGEEFH R, s,
(ZH)RF AT EORY, HEEENSEEE s, (Z,) =
expl - (Z, - &) "(Z, - £) /51,0 =12, Nj=1,-1,
p REEBIL; I BREERNEE, el RERF
FREER I P45 S0 L RBF #4245 i % LU BOR 8
ENTEEE Q, e R ERRECY, B,

VZ, e 0,,0,(Z) = W'S(Z) + &(Z) (9)
H: (Z) HBEIRE,HR| 6.(Z) | < ey, e TR
HEREGW, FoRRABENEERE, 288

W ;= angmin| sup 1g,(Z,) - WS, (Z)] (10)
WieRl Zjelz,

T B 3 RS RO PR AR, S ORI R SRR 2L
A= D TINWE %0 = 1, NoARSCRIAZE T 83 R
EEEMSTT A RTINS E W, AT
BEGNTRED, ARERT 28 S4B B
fhidt, IHREFRA A = 4 - A7,

2.2 HHEMBEHIRIT

R AT AR



480 3 HA s

531 %

A

u,(t) = - ks, ——ST(Z)S(Z)si (11)
1 ;o= aes
/EEP:kiBQ’_ff(L_lyzy yN)O
RAWT iR
A, —2—ZST(Z)S(Z)3 -9, (12)

Hr: b, > 0,6, > 0,0, > 0 RiETEE,
3 REMLN
X LTRSS, BR(D)F(4)75:

s, =y, +filx,u) +A(x,x, ) +d,(%,8) (13)
Hofry, =-yi” + [0 ]e;

A Al Ag

Sfilw,u) = fi(%,,0) +f,u (14)

Forb £ (%,,0) EARIAFLMEELLREL
N ACD)
f - [ ou. ]l uj= Uy,

R (14) AR (13) 7145
S-i = ’Yi +f;(xi30) +f;;,iui +Ai(xyxr) + di(xyt) (15)
EXINT R RE:

1.
V-‘i = 73;' (16)
A (16) XAt [A] ¢ SR GG
I‘/ji =s,[y, +£(%,,0) +hu + A (x,x,) +d(x,8)] (17)

M1, A:

i(x,) < 5 Dl () +—_2p (1 = 7(0))
(18)
s;d;(x%,t) Ssi";azlx) +%a? (19)

ha, > 0 WAL B,
HR (18) F1(19) fEA(17) T4

I'/Si < s;ly, +£(5,0)] +5.f,0, +L2sgxg(x) +

Sl”;;gx) LZ 2Zp](x(t 7,(t))) (20)

ﬁT{ﬁl@ftﬁﬂiFéﬁﬁiﬁﬁf(ﬂﬂ?T@%%Iﬁ EXIT
Lyapunov-Krasovskii 7 B ;

Yu = 20—7>2t&m”“”“ (21)
R F:
. Zpy(x(t))
v, = I U
: 2(1‘7 D 200 -7,)
Zpij(xj(t_Tj(t)))(l -7;,(t)) (22)
B (20) A1 (22) AT 45
V +VU SS[’y +fi(x, ())+_zs 2(x) (x)
1 ) f
m;pl](x](t))} st 5
(23)

Az 1 < 2
s, > 00, m;pg(%(t)) —®,

Rt RBF e 28 I 4 R (g 1 45 JFL 3 33 o8 22 00
STy S A0 o AT I W, R (23)

N
AT BRI — T ¢ _gmtanhz(;—i) PWACIONE
= (23) 2K«
I./Si + i/ui < sf s+ %a? +si['yi +fi(%,,0) +

ey () ek a(o) +
1 < 2 smf(x)
Tg{sixi(x) + Y } +
%; 1 _1;_' [1 —2tanh2<%> }pz(xj(t))
(24)
15 2( )
0(2) = 5 T + T 4 f0)

1 i
vy, + mtanh2<6—i> ;pi(xj(t))

(25)
M (24) F1(25) W15
I./.‘i + i/UL. < 8./, 4 +s,0,(Z) + La? +
%21 [1—2tanh2< i)}Pj(x(t))

(26)
A3 A RBF 2 MG BIEARFEE ¢,(Z,) -
§Di(zi) = Wi*TSi(Zi) + si(Zi)
Hopz, = [x',s,7] . Az (26)FT15:

1'/%_ + I./UiSSifuiui +WTS(Z)s, +6,(Z,)s, +
a 1 < 1
R 2 N v E
2tanh’ ( )}p (x,(1)) (27)

EEL BEh NAEE%K%%HF%‘&?%%(I)%EE
MIRAGE, W RMBE 1 ~6, ThE N (11), AIER AN
(12) I TH R WL &G AR RERTA RS E¥ 2
e —EH o

LB ZJEUIT Lyapunov pR%K

Vo=V, (28)
2 (28) xFAg 1] ¢ ?J?T‘;'F_ﬁ%:
V = V +f/ +fL—~)1 (29)
TE’,‘t(27)4t/\‘t(29)74%:
Vs, + WS (Z)s +6,(Z,)s, +f%x',. ¥
%EN‘,I [1 - 2tank’( ")}p (x(t))+_2

. (30)

FIH Young's A5
\f;)l; (Z)S,(Z)s! +[’2—? (31)




%24 AR AE oLl HK RAG oK A E 481
£(Z)s; < LSLZ + L4‘1‘?(2,-) = Lsf + LsfM (32) By =%
2 2 2 2 . 2 .
. 4 . . e L, . %y = —2(x7 1) a, —wyy + (2 +sin(a5,) ) X
Hebpo A = ()7 wr % > 0 KHEERITE . B

(11) ~ (13) F(32) LA (30) , lifRisE 1 AT45

V, < - (fik, —i)sﬁ —&7\,-&- +L(af. +b0 +eh) +
2 w; 2

7,’—1 T [1 —2tanh2< i”p (%;()) (33)
FIFA Young's REERT15
—f%iuft,-s —J;%;\,Z +f2%)\i*2 (34)
158 (34) fASR(33) mé

O SR LY

Lg.

2 2 2 2

) (a'i +b; +ey + - L/\i* )+
w;

%il—l?m [1 - 2tank(25) [ (5 (8)) (39)
ﬁTﬁIéiﬁ@ﬁEiﬂ?i)ﬁ*ﬁ,«l%f‘ﬁﬁ@lﬁﬁ2,EE@IIEZ
HTFTESEE: 0, = {5 |5,] <0.88145,} (i =1,2,-+,N),
H s, BIEMBITHEL BT UEAERAD.
HF oy (x;(1)) BIEREES RS WW 4
Pime = Zjvl,xr_ga};i_pfj(xj(t)) (36)
4 s, |>]_0. 8]81]:15. mLA:

727 _1; 1 —2tanh2<6i ) o (5(0) <0 (37)
ik (36) F1(37) T4, 2 (38) A4 RSL .
Lol 2tanh2<
7; A (5(0) < 3 P
(38)

15 (35) 48
i< -tk L Ll

a8 e i +f%)\i*2> (39)
SR (28) FI(39) 1 L
Vi(t) <-By(V, +2%m + o (40)
o,
B = min[2(5, - ) 0
o= (0 g 00)
TSR A; = (5., ] ys?+2fLA <—} NEENCY)

EMUTICRR[30T 23 1 IIEW], R ARG R AR S E¥ 2
JR—B0A U TR B B R 4R 22 7T LUK SR — A i — A~/ 4B
B, EHIERE

4 GEER

N7 e BT SR B A S, B B AT — 2 R
DI EBRR RS

(ul +%u13 +sin(u1)> +0. 1x, (¢ =7, (8)) +
0.5(%;, %, +2y,")cos(1.5t)

%y = %y

Ky = =%y —0. 22y + (25,7 + cos(%y%5,) )
(uy +sin(uy) ) +0. 2%, (t =1, (1)) *

sin(xy (£ —7,(1))) +0.3(x,” +%,,°)sin

Y1 = Xusda = %y

Hoe uy u, HEREA T B2 R RGR L v, My, 8
BIREH BN PLES v = 0.5[sin(s) + sin(0.5:) ] &
¥,y =sin(0.5t) + 0.5sin(1.5t) ; RE A AT AR H 7,(t) =
0.2(1 +sin(t) ) ,7,(t) =1 -0.5c08(t) ,7p =2,7py = 0.5
AT 03 M my () = 0.5(|ay | + ),
my (%) =0.3(x, +2y) sHEMEHNMATIRY Z, =[x,
K15 5%01 » %0 351 5Y1 12 Zs = [ %115 %13 3%01 » %2 585 Y2 | 5 T AL B35
TE 50 #1160 B EB LA [ - 1.5,1.5] BBEYLEG T
aHIR2 K1,

iEFPSEIEN ky, = 10, ky = 10,6, = 8,b, = 10,
w, =10,w, = 8,6, = 8, =0.0001,0.88145, = 0.88145, =
0.001; ZHHBIHEBRL A, (0),4,(0) 1" = [0,0]" 41k
WA [2500),2,(0),5,(0),5,(0)]" = [ - 0.1,0.2,
-0.5,0.51",

B 1 ~4 RUTASCRR B R REA R WERER MR
E—20, A 1A 2 ATLUE H , BRGER9 SE R4 Hh it 2R B4
BRER T e AN BEAE S, T A 3 AT 4 7T LUE H 52 BR
0 L1 s 2 R HA BR 570 4R 19 R 22 S BN A — AN AR 38R
WL IRE T A R IR ER R s B S RIE 6 BETECHINERIE S
gk, AE H AT LIE HEHREVN

— T

....... Eﬁ%mﬂﬁ%
10
0.5
5 0

*
-05
-10
0 10 20 30 10

time/s

B RE »y MHEES vy FHZ

— SChrRs 2R
....... AR 2

0 10 20 30 40
time/s

B2 R 2y MBS v, BHZ



482 AR A %31 %
0.2 control for a class of interconnected systems|[ J]. IEEE Transactions

on Neural Networks, 2002, 13(6): 1554 - 1557.
01 [4] HUANG S N, TAN K K, LEE T H. Decentralized control design for

& o W large-scale systems with strong interconnections using neural net-

works[ J]. IEEE Transactions on Automatic Control, 2003, 48(5):
—01 805 - 810.

02 [5] TONG S C, LIH X, CHEN G R. Adaptive fuzzy decentralized con-
0 10 20 30 40 trol for a class of large-scale nonlinear systems[ J]. IEEE Transac-
H3 e i%t;ne:i i tions on Systems, Man, and Cybernetics — Part B: Cybernetics,

2004, 34(1): 770 -775.
0.4 [6] HUANG S N, TAN K K, LEE T H. Nonlinear adaptive control of
0.2 interconnected systems using neural networks[ J]. IEEE Transactions

0 on Neural Networks, 2006, 17(1): 243 —246.

& [7] CHEN W S, LI J M. Deceniralized output-feed-back neural control
02 for systems with unknown interconnections[ J]. IEEE Transactions
-0.4 on Systems, Man, and Cybemetics — Part B: Cybemetics, 2008, 38
06 (1): 258 -266.

0 10 520 30 40 [8] YOUSEF H, HAMDY M, EI-MADBOULY E, e al. Adaptive fuzzy
B4 BRERIRZE e, MR decentralized control for interconnected MIMO nonlinear subsystems
4 [J]. Automatica, 2009, 45(2): 456 —462.
[9] HUANG SN, TAN K K, LEE T H. Decentralized control of a class
2 1 of large-scale nonlinear systems using neural networks[ J]. Automati-
B ca, 2005, 41(9): 1645 —1649.
L A Vet Vs SV [10] HSIAO F H, HWANG J D, CHEN C W, et al. Robust stabilization
-2 ] of nonlinear multiple time-delay large-scale systems via decentralized
fuzzy control[ J]. IEEE Transactions on Fuzzy Systems, 2005, 13
o 10 20 30 40 (1): 152 -163.
time/s [11] XU H. Decentralized adaptive robust control for a class of large-scale
5 FEBIEA e systems including delayed state perturbations in the interconnections
8 [J]. IEEE Transactions on Automatic Control, 2002, 47 (10):
6 - 1745 - 1751.
4 } [12] CHOU C H, CHENG C C. A decentralized model reference adaptive
5 variable structure controller for large-scale time-varying delay sys-
2 | tems [ J]. IEEE Transactions on Automatic Control, 2003, 48(7):
0 b/\,-\/x/\,\/\/\,\/'\; 1213 - 1217.
. . . . [13] WU H S. Decentralized adaptive robust state feedback for uncertain
0 10 _20 30 40 large-scale interconnected systems with time delays [ J]. Journal of
- %%H%ij/; e Optimization Theory and Applications, 2005, 126(2): 439 — 462.
[14] HUA C C, GUAN X P. Ouiput feedback stabilization for time-delay
5 élﬂj:_i% nonlinear interconnected systems using neural networks[ J]. IEEE
Transactions on Neural Networks, 2008, 19(4): 673 - 688.
ASCE X —2 N ANEBAHERELE T RAEHMAN  [15] KRSTIC M, KANELLAKOPOULOS 1, KOKOTOVIC P. Nonlinear

HAB BERAHETMEANL SO H KRS, ZEHT and Adaptive Conirol Design[ M]. Hoboken, NJ: Wiley, 1995.

—Fh AR B BN 2R R R 2, R RFHMEM [16] SWAROOP D, HEDRICK J K, YIP P P, et al. Dynamic surface

B T A i AR 4 v o %, o ik BUE Y Lyapunov- control for a class of nonlinear systems[ J]. IEEE Transactions on

Krasovskii J7 B ZM%F 2 55 18] 4 5 1 FB 1 5 %1 e 25 B ¥ 7 B Automatic Control, 2000, 45(10): 1893 —1899.

W T, BRI B 38 R 7 AT T R RS A 1 [17] :VANG ]t), 1 I;IUAN(]? 1. l:eurallile.tworkn-ll?ased adiptive.dynta.fnicfsu:
. | . . ace control for a class of uncertain nonlinear systems in strict-feed-
R Y AR — B R IR A ) BRER 2 A — back form[ J]. IEEE Transactions on Neural Networks, 2005, 16

BB o (1): 195 -202.

SE [18] YOO SJ, PARK]J B, CHOI'Y H. Adaptive dynamic surface control

[1] TANG Y, TOMIZUKA M, GUERRERO G, et al. Decentralized ro- for stabilization of parametric strict-feedback nonlinear systems with

bust control of mechanical systems [J]. IEEE Transactions on Auto- unknown time delays[ J]. IEEE Transactions on Automatic Control,
matic Control, 2000, 45(4): 771 -776. 2007, 52(12): 2360 —2365.
[2] NARENDRA K S, OLENG N O. Exact output tracking in decentral- [19] ZHANG T P, GE S S. Adaptive neural control of MIMO nonlinear

[3]

ized adaptive control systems [ J]. IEEE Transactions on Automatic
Control, 2002, 47(2): 390 -395.
HUANG SN, TAN K K, LEE T H. A decentralized neural network

state time-varying delay systems with unknown nonlinear dead-zones
and gain signs[ J]. Automatica, 2007, 43(6): 1021 -1033.
(T #5489 1)



F 28

FERF ATHER Tent R L HETFHMELLE

489

CQPSOM KA £, 41, IR FHAb 7 FEH: X FEAM LI A SCE
B RS A B s T HM B A B

et £ IR R AR S ACPSO 8 3k [ 5 D S (E s
2F TMPSO'™ fH 2 HA 4 i 241 F TMPSO, 3% 743
W4 30 ACPSO vk BA I KR B U SIE . FEXT £, B
AR ST ACPSO Bivk i - Ml s g 22 F cOPsO™ {8
A3 ACPSO BETEXT f, fy H0fs h iR AR IR SUE AT E e Sl
BEIXZE] 0 71 1. OE - 16 Z& 5!, i CQPSO HEkikF| 1. 0E - 03 %%
L BEBAARSC ACPSO J7 k%o T 5 24 e 2 oM A 1 BRI L,
RERE LB/ B BN RS — E R EE M A B D e 23T
ACPSO By e R\ ) R SO BE B .48 T ACPSO™
AT T SCHR[4 ] BT R 9 5 U R 1 3 B
KRR RBE AL E W PSO BB EMENEL,

Al AL ACPSO ik B BT WE I, BIRMH
BAGR AE RO SER I H B E e e .

4 #iE

AR 3035 A FDRLTAEOL ARk m Wi s S e B S TR
B9 Fr PR SR I —Fh T BB L Tent IR R IR
TR (ACPSO) 3% X F R IR R MR A B 18
RIVAEE T ¥, 8 TR TR R R aR AR (B B BE
R T RSB ARG . SEAE X S AR R )

SE W

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

van den BERGH F, ENGELBREEHT A P. A new locally conver-
gent particle swarm optimizer| C]// Proceedings of the IEEE Intem-
ational Conference on Systems. Washington, DC: IEEE Computer
Society, 2002: 3 -6.

van den BERGH F. An analysis of particle swarm optimizers[ D].
Pretoria, South Africa: University of Pretoria, 2002.

RIGET J, VESTERSTROEM J S. A diversity-guided particle swarm
optimizer — the ARPSO [R]. Aarhus, Denmark: University of Aar-
hus, Department of Computer Science, 2002.

ERE. R TR SIS R IS D]. 'K K
KA, 2007.

ERI, HER, BRuK. BT T4 R0 AR A A E R TR
AL T]. HTEHLIR, 2010,46(2):51 -54.

N, 80 55, — Rl AT ROR TR B (I]. HHELALAT,
2010,30(1): 159 - 161.

XUIWSE, REIE, T, . INRRLTRALALERT]. HEM
J FH, 2009,29(11) : 3068 —3071.

XVEE, I, AT, %, BT Henon BN 52y
BB TR LB L[], THEYLE A AFSE, 2010, 30(1):
92 -95.

R, BN, B, . EEMBAE TR MR TRILLE
B HEYLIR SR, 2010,46(4) : 39 -42.

52, 365 30RO R A AR AL R U S T i B 100 HUROP. 28 Tont IR FUOOR FREGLALTTRALI]. HFHALT
AU SR BRI B4 A 0 ACPSO B T 2,2010,36(4): 180 - 186.
SRR R—F A B T R X T Shefi gy [ TR L RS B Ten RAMRILECR L)
B, BEOS BN BRI e — R R 2 /ML ISERR, 2005, 20(2):179 ~182.
(L34 482 1)
[20] ZHANG TIANPING, ZHOU CAIYING, ZHU QING. Adaptive Decision and Control. Washington, DC: IEEE Computer Society,
variable structure control of MIMO nonlinear systems with time- 2006: 3028 - 3033.
varying delays and unknown dead-zones[ J]. International Journal [26] YANG B J, CALISE A J. Adaptive tracking control for a class of
of Automation and Computing, 2009, 6(2): 124 -136. nonaffine nonminimum phase systems[ C]// Proceedings of the
[21] KARIMI B, MENHAJ M B, KARIMI-GHARTEMANI M, et al. American Control Conference. Washington, DC: IEEE Computer
Decentralized adaptive control of large-scale affine and non-affine Society, 2007: 4009 — 4014.
nonlinear systems[ J]. IEEE Transactions on Instrumentation and [27] HOVAKIMYAN N, YANG B J, CALISE A ]J. Adaptive output
Measurement, 2009, 58(8): 2459 -2467. feedback control methodology applicable to non-minimum phase
[22] GE S S, ZHANG J. Neural-network control of nonaffine nonlinear nonlinear systems [J]. Automatica, 2006, 42(4): 513 -522.
system with zero dynamics by state and output feedback[ J]. IEEE [28] WANG M, CHEN B, SHI P. Adaptive neural control for a class of
Transactions on Neural Networks, 2003, 14(4): 900 — 918. perturbed strict-feedback nonlinear time-delay systems[ J]. IEEE
[23] YANG BJ, CALISE A J. Adaptive control of a class of non-affine Transactions on Systems, Man, and Cybemetics — Part B:
systems using neural networks|[ C]// Proceedings of the 44th IEEE Cybernetics, 2008, 38(3):721 —-730.
Conference on Decision and Control. Washington, DC: IEEE [29] LIN W, QIAN C J. Adaptive control of nonlinearly parameterized
Computer Society, 2005: 2568 —2573. systems: The smooth feedback case[J]. IEEE Transactions on
[24] YANG B J, CALISE A J. Adaptive stabilization for a class of Automatic Control, 2002, 47(8): 1249 —1266.
nonaffine non-minimum phase systems using neural networks[ C]// [30] GE S S, TEE K P. Approximation-based control of nonlinear MIMO
Proceedings of the American Control Conference. Washington, DC: time-delay systems[J]. Automatica, 2007, 43(1): 31 - 43.
IEEE Computer Society, 2006: 2291 —2296. [31] SANNER R M, SLOTINE ] E. Gaussian networks for direct
[25] YANG B J, CALISE A J. Adaptive regulation for a class of adaptive control [ J]. IEEE Transactions on Neural Networks,
nonaffine systems using neural network backstepping with tuning 1992, 3(6): 837 —863.
functions[ C]// Proceedings of the 45th IEEE Conference on [32] LANG S. Real analysis[ M]. New York: Addison Wesley, 1983.



