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Problems in Control and Intrinsic Nonlinearities

HUANG Lin! GENG Zhi-Yong'

Abstract

WANG Jin-Zhit

DUAN Zhi-Sheng' YANG Ying'

This paper reviews the development of control theory and the characteristics of linear systems and systems

with unique equilibrium. Intrinsic nonlinear characteristics and complex dynamical behaviors are discussed for nonlinear

systems with multiple equilibria, including self-oscillation, chaos, homoclinic orbit and heteroclinic orbit, especially for

higher order systems. Further, challenges and opportunities are discussed when control is involved with intrinsic nonlinear

characteristics.

Key words Intrinsic nonlinearity, multiple equilibria, global properties

1 $=H1%F % R R E R

EZR111Ip =20y NES @ S/ Rl | R R SEY AIE Y A3
PR TAERT BLBLSE | Nyquist F 28 ML ig S0 bR A&,
X TAEREUR W T Y i ) I RAE SR AZ R, /)
Ao BN Rk s ol e OR e T, BT PRSP 4 i o 2
BER—ANEERIEs), XMELT RBLEMEREN
R HR AT LR 45 00 FR 40 (1) 5 AR i BRSP4 A
BRSO P X TR A AR M A LT S
T A AR LAY BEAS A5, I A B Ak
DR T3, e, A N AEE ) AR 1
FEH T RGEACE TN B A A g R Ve SR EA T R A,
R BR R e A e I A2 A7 ST N U0 N A S
(BIBO #&s&). Jak, MIT{EGett: R4 nT 5 nl W&
R RILX RN BIBO Fé € 5 P A7 & 19 A e i
ASFEEN ), X RIAER ARV R g 2 n B
B =8 e LU RE RO, T2 AATTEE S N i

WeRs ] 2006-11-10  fefe ki 47 2007-2-25

Received November 10, 2006; in revised form February 25, 2007

B &K AARF =34 (60334030, 10472001, 60404007) %8

Supported by National Natural Science Foundation of China
(60334030, 10472001, 60404007)

1. JERURY LR SR RBAR RIS E R A K E A ®
Jb3¢ 100871

1. State Key Laboratory for Turbulence and Complex Systems,
Department of Mechanics and Aerospace Technology, College of
Engineering, Peking University, Beijing 100871

DOI: 10.1360/aas-007-1009

5 PVl 07 RS E PERIE S IR £ B S L AT RERATAR K
fRI I3 ).

AN ARG I I HAE, — T
A7 T B Ve RO IE AN 5[] 3 B N i AR S g
R T BRI TR S b N (R VT, 53— g T4
i H 1R AR SR Bl 58 5 B~ A o R A il R i JeE T
X I AR - RGeS AR
Ik REFR AR 10— Rt 5 Bk, A 22 BRI 3R 15
BRI A RS g, JF IV B H— 1718 0 3
30— R SR BB IRA L S, U
B TR T ARG M PR RE R I R 2 AR
FETVHSHLI T SORT B, AR B L N (R
#HOE A M, IFAEDI. (B e
I e LATE S A A (0 B 5 3, AR 1 R
AR T SR THE R A B N ARUE L.

AR A, B AR G AR e AR S
LT CAR I U I BEAR D B, 1 HT 42 [5] JHR R S5 R
X ARZ I R BT Z VAL )7 1%, I — TR IR L
PEa I N NN TN 8 K LR 1 P i RS R VNN 1)
B A ) (0 JLAS T Gl e, R 2R Ge e b e — A etk
ARG, WRR N AR R G S ANEAL 7. X5
AR DR CAT N, B0 H AR
FEORAE S A B A RE L. X T RA AR
MBI RLG, XTI RGN L MEHE 2L IR 805 AN 5



1010 H ]|

33 %

¥ {1

EAEH. Fc BB ARV B g e P AT T
etk RGULM BRI, AT aE M IX T TR,
WO FUR B RS . PR T VR B A DA R
fift, U RBERS S U I BEAR P A A e A
RIS AE— A XTI, ol BUS A 2 B T

PR PR AE EAN AL )\ SRR R R, 1A
TR AR #8107 R X 320
JEIT, MDLP— 2k iilds, o —Hrmt 2
S PAIIA AR G0 T 7 B AL ARE

2 FEZEMARRIELERAR

MATRTAERGE P LA AR LIS 1 T
7o) R by | U i Y AV R E B DT/ E
EASEX RIS, AIHENA B R B
LB, AR D B BRI 520 7 4 Van der Pol Js
Fe, BJE IR A I LR AL T2 ob, i HLAEE
BRGPEAE TR AL HERE R E
FELSR (A e 4 5 T2 B A e — A B i BERD
ARG, SRS F I AR R G RIR R
Rt oEAE Bl rpm B 2 )\ AU e A 2 2 5
K5 B ZRER . R TR R A L
2l )\ ARSI W A s, AT AR R R g
RIA AR AR W IT . KB BN T KR 2%
B, AL ) 2 5, T HAE L By, TR R
I3 KR K

XHPTIRI) ARPCRL L R8s ) 2k
AR REAE LR e R GE B 3h Jg 22 k. ARG
oK, Lotk 2R g8 k1 H G AL s B T - R R, 26
PR GE 5B (0 1R BE B S e T AR S IV 4 FB 1 e,
DRI T 0k e M 2R S8 AN A7 AE Ry B 5 4 R IR AS B X 31, T
FofemhH R B R gem = th A R eSS i
R =28, I HH 24 e, XA
Wlia 3l fr P (1525 18] P9 IR Sh s A 01, 3X
R W] A WE sl A e] REREIRALIN, DA AR Lk &
P Z AL E . BRI FTE L A
PUEHA A BEAE R ME R g A, JF B TRy A
JARAR A AN AR AT AT 51 R 4R K, DRI X AN 7T
FEHS LE ] I 3L 5ok 7 [ U AR A el e ME AR ZE I &
PERGE R KA. X R W R R % 5 ik oS Ak
L VEA I B AL IR XA AR 2R PEBL BN JF A 22
2, BT LE [ A7 B DR X R

XA RA 2P ARG, DR RN A
IRARRNE RGN &, WK ARG R 5 e AR S

Bl AP A, 2 S TR D 27 00 A BEIE B 3K - 1l
B2 P —EAAAE Lyapunov & S ANETE R E 1)1
7. XM R A B R TR R
BRI . R ML RGP L. 2 P47 B
TR (R 2 SR A i, RIX R RGN RIE R4
T S B SRAIR IX R R 8 1R A % 1A] 5 S 1 4 B
(i) 22 [ X6 LI S%of 2 FRPPR 25 205 ) 0 A L T e
HE A 2 TR B R 2 () O3] BAR By T RE S B &
e ) Ry A g, A R T AN B AR A
MR I R GE R BT, o 1A 2 ) R K I 1R) R™ JF
ANfig 8 8278 HeAH BUIE &R, DR B4 23 AT AR BY (=
W) REBERA &+ ki + o(z) =0,p(x + A) = p(x)
(RIRFAE, % 2t T T 3+ LA i AR 30
TR HIE SRR, XTI T IX R RGN E
PE, ANTTHE FH 187 51 00 2 V206 J8 30 o0 A P 1A B I &R
S AV IE R P B ARG EE. 6T LR L
TR RS, P A R R R e 1A L
SCAH TV HER, 33X Tl L 390 23 A1 ()~ 48 A B 8 2 R
Se ) BRAREAIE VR 1R, 2 T Bl R B 1Y, BT AT
P B AR TR P B A A AR B . BESR
FETT 23 0] E 1 R G, an 5 2% 18 P f AR 1)
P L P e SR e Y e 1B B S N (E = R 7
FR G 1) R AR M I ) ) i I SR AR A —FF T, 49
A P AR 1 2 T 8 S B 2 R B — 28423 52 % (1) Rl 4
By FerE S AR R AR R A7 AL

H IR G & AT FON IR A AR Ze PRI &
MR AR E R G b ) AR 0] LG B, 72 F PRI
BB AR N, 7 T AN AR AR ) R, S —T7
IO 7 12 20 38 P9 BB AR T WD AR 45 R i 4 ¢ —
+oo(—o0) I, HARE MM PR B 248 (AFaE) I
Bl X—PEpTik AATTRE FH kA R G A — AN
S YRR ] o A0 1 e B O ) X R 22 TR A5
A Z N, #linobss. Y3 b e\ e BN
ot AR S AR AR /M i B B DTG OG, XA
PRI E P X T H PR ARG e P ), AT (1) AR
A X2 —FF Lyapunov & X TR )
L RNBIWF ORI T 31X — AR Sy BR A — 5 T £
T AR A R AL K RIS SKR R A B
T A2 (1) 7 FE A I AR R G, Gy — 7 T B
HYRA S 2 — N RAHDERERIAALLE, AR
R IR VEIEAS e FH R IR B &R 1 B AR AR
ek, N HPUER e 2K, 21X S Lyapunov =
T iz st XA FH R I IX ), Lyapunov &



10 3

ORGSR ) 1011

XN AE B () AR W] HE U AR E T B R I AN
BT, B E 3R 32 B A8 e 1 1t bl L e i Sl 3 bl B
WHERES 2. F5L b, AR —ANEH AhiEE s 4 5
#EAT] e A& Lyapunov & SNz E (1), XA
PR AN F [R5 A () — T b 5 B ) T s PR S s
KIBAGE G2 R —EH. AT PIEIZES)
FMHAEANANRG TR, HAESh 2 J7 B 2
FH R B, i RGO A — MR ECh
1, BAb A E A T A E PR, HRFIEFR £
JIES T RS E AT PR, B EraE e A a5 R
HARIR D

AR IR AR T R G 3R (TR
) WS AOW, B B R g8 8 ST 3 Bk 2
Poincare B #ALGT 25 5, %S miB RS H 3%,
] Bt LR, IX 40 S B 1) A1 e 4 2 [R) b ]
M — NI, N R RGN NAERLE; 2) Wik
AL —N0] LU SR AE Poincare WSS f#k I, I+ HAR
UEIZ AR I b R (1)az 3l ] BLIR (B 203X — 8, 1f, IXFE
A e —A Poincare BRI 3) B BE0] 7] FL 1) e 4
WIS 9 0 21 ] ST NS pE BRI XL T AR Y
SREELL B IR RS LR 215 2

AL\ AT S IR T O TR T,
VR Y B e 1k R g B R T RE LI I
G, XM G| HAT o B AR AR O R G 1, 3L
Y H0l & Hausdorff 4EHCRZIR, I — BH AR
K E AR R R R AT R BT
AT HE Y T DR 88 8 THORH o ARk 2 Hh T s A oK K DR 1)
i, X TG, Blan-PAr s R F Y, AR
Y, DR ARG, HL YRR O R
T VRV (1) A 2502 F08 i X Hausdorft 4E%%, iX—
YA 2 30 AR 4 R AN AR 1177 SR 03 R AR 4 1
ANAR G FCHUE A 70 BONAS 5T B 20 %) T IR 5 |
(K177 S HE~S],

T Bk AR RGP A AR bE, — 71
FERMAFAEN), W TUEAT;, i J7 X L 2 A
KIS IRFAE, RIEE AT A AR ST 3 pledid 5, 1X 4
S TCIEWE—> 71, X 45 A 50k U0 AR A& 78 16 R
1.

3 EFIMARIELMERMAN —
K BY e

L ST 37 T R o R R B s, 4
TIEIA, ST 2 R 2 5 TR

— Ik

SRPTHE, [N 32 0T I R RHE R K, H 5
AR AR A 38 HAT A B =1 AP sz, AR
MR A B R REIIZERA, 1 YRR %518, I
E 2 R 5 AN ARZe I 28 G0 2 F 5T S DLAT Bk
ARG MBI A AR PR % T

H ARV RGEA T+ B 0%, — B
PRI ARMEZE R, L2005 R 23— S BAT S5 ke
ALATRY S S R GeBEAT, R AR 2 1 B
S 2 HOAT 2 U7 LA Lurie 248 (A
1) 4D, X—RGHAT DAL A —A
AELNE R HIATT, o (o) RARFZAR. X
F Lurie REUERMAE G C2 2 EA, X2t T
(o) MBI ELEE N w 5 o MR — R
AR, o o EENERR N BT, e e B IR
I PEp s, o R g e tE . Ak BRI AT
IU, W5 R RE R AEAE RGP B AT R, (AT
— IR R AT T B AE RIS ) 4 0 AR S T
fitgr, BIFFEILL o(o) ARG G(s) BRI
PAN G A e SR % Chua JR 5 45 G T
TR RS B N LA Lurie #5HIHR IHESL 17,

—O—>

G () >

u

ol0) | a—

1 Lurie RZHER

Fig.1 Scheme of a Lurie system

TR R, EREZIRIIL R GikRE, N A
PR s ), R

1) Wity AT HARAR, REAHORE T #1146
SAFHIAR ) — P SRS — PR

2) XA B T AR T BRI IR .

XU A 5D

Lagrange fa e : B RG—VIEIA I,

WA RGP A sl Sl e 7, Bl—P)4 5t
i BIRLSL

Levinson #E#L: A5 — A AW, — Ul
LS OPFNEATE S

RERENE: RGET M — DI sk,

REGPATAE AR 28 IR . TR, oAk
B TR VL.



1012 H ]|

¥ {1

33 %

TEWFICIZ L AR BN, RBEAE T

1) I e A AN 25 ) 1 25 A1, SR TG 3R A0
B IR T ) KYP 513, K00 B 1) 45 A A R
FRBEANGEZX, ) e MR B ANAE 2, FER)
JI KA

2) K T A RS 2RI, R AR
Lyapunov eRQEZIRIAALHE, 1438 RAEMALLE,
I 1Z4E A @ 37 Poincare WS FIE T N H A 3)
ROEH (A A% B Browder @ );

3) FIH FR G ARSI A AR R Ge A7 AR
H o R T RE. XS R is e R 2,
HAR 2 FAT R PR BE 540 1) ZR G SR 42 JR RS 2 A
Al AER

AN TR R 2R 58 T 2 17 ELAT R 8 Sl AP o R
G, BT LORAIE 77 AF BRRE f0 30X 2 S 44 v o H
A RWTFTAS E. G BT E, FHA 5T
bR e B ) ) SRR VR R I R R G BN
2 A EAT IO HE, 7RI AR h 225 B B R 4o i) A
RGEH HRAIE, IXSEIRE AL IFIBE . HRIR. et &2
X AE. T R B AR ST LU PSS R ¢
PR R o e A ) — SR B AN S Ak %, AR IX A
ZRH T 57 A b BER), AH G FRATRE AR 4 1
YRR — LSRR RS (4 i A S Bty A — N kE) 4
oy AR e TR X SO R AN S S ST
VR AT LUK T Ji e 4 ) ) R B A, LG ST 0 5 1 T
W TS AT 55 fERTHElas L, ARG Bk It
AL A XA, T A BT AR, Pl i e —
TR, H SRR, A8 SR I AT LU BE 47 1)
RO, A5 ] DU 3800 A8 SR At 8 Ik DR AIE A
RGP Ak TR O, 2Rt AT LR FIAZ SO
¥ For= R ok 9100,

LR 2 m FRATT s A TR SRSy 1)
B e G, X AT T AN A 2 R A B Al )
FAT TR, Ty HAEAOUE A o AR 2 M R i
7N H TR A i ) R 2R 2l L 7e i R Jn, A R TG R
2 X AL T BE K O IE I, R A 5 o Wt
JIT WL BN AT AR 22 A 5T X ), FATTIRAE 3 AN 2 A0 T
AU R AR R AT 4, LA SIS R 1 3 S A
A 5 FATT B R TR A BT WL — AR, H 0 R
FUREIATT G T 4300 H R R RIF 7 PR 7 BT A 47
FsEME b, FATATREEA T 2, FUsE IR A 5E
AN BAREAT A, AT 22 B, Bk
v 5 SEELAR ) A A, A B AR ORI 5] i e A 3

(NESTEAi]

REF IR IR A S CA TR HES), R
T AR AT (10 R 27 ) R, R RO AR AR R S
FIAE T Lt ed — R AT HUBERIE T K A it fi
W PATR BB S TARAE I JEAZ N T e R
7B R RR R, ER B AR R e s
LT R LR RN T SRS R IR R Y
PR RET VRN IR Ce N ST PR S R S < 55 I A
WA, RO REET ORI, LA TR S 2K
LT Mo AR 58, RJINK A U B
(EXEYNIFS/ 3

References

1 Huang Lin. Theoretical Foundation of Stability and Robust-
ness. Beijing: Science Press, 2003
(o, FoE Mk 5 E BRI BEISHEAT. dbat: B IR, 2003)

2 Leonov G A, Ponomarenko V, Smirnova V B. Frequency
Domain Methods for Nonlinear Analysis. Singapore: World
Scientific, 1996

3 Leonov G A, Burkin I M, Shepeljavyi A L. Frequency Meth-
ods in Oscillation Theory. Dordrecht: Kluwer Academic
Publishers, 1992

4 Lorenz E N. Deterministic nonperiodic flows. Journal of the
Atmospheric Sciences, 1963, 20(2): 130~141

5 Madan R. Chua’s Circuit: A Paradigm for Chaos. Singa-
pore: World Scientific, 1993

6 Stewart I. The Lorenz attractor exists. Nature, 2000,
406(6799): 948~949

7 Curra P F, Chua L O. Absolute stability theory and syn-
chronization problem. International Journal of Bifurcation
and Chaos, 1997, 7(6): 1375~1383

8 Huang Lin, Yang Ying, Geng Zhi-Yong, Wang Jin-Zhi, Duan
Zhi-Sheng. Analysis and control of diversity of system dy-
namic properties: on the post-absolute stability. Control
Theory and Applications, 2005, 22(1): 1~9
(B, B2, WGB39, Bk, BoSA. RGBSR Z RS i
Esthl: JEdan faE g, RS 5N, 2005, 22(1): 1~9)

9 Duan Z S, Wang J Z, Huang L. Input and output cou-
pled nonlinear systems. IEEE Transactions on Circuits and
Systems-I, 2005, 52(3): 567~575

10 Yang Y, Duan Z S, Huang L. Design of nonlinear inter con-
nections guaranteeing the absence of periodic solutions. Sys-
tems and Control Letters, 2006, 55(4): 338~346

11 Zhou Pei-Yuan. Enhance the Fundamental Theories: Some
Points of Understanding the Natural Science and Funda-
mental Theories. Beijing: Press of Popular Science, 1997.
11
(PR, 55 40 SERE IS 2 Rk A AR BHA SR FLS 11 LA
R Jbst: REE R bhtt, 1997. 11)



10

BHOMRAE P A AR )

1013

B P EBEER R L, dEORE
Wi #az. EEREFTT ) A R P B K
R, SRR 2 R H B
E-mail: hl35hj75@pku.edu.cn
(HUANG Lin
nese Academy of Sciences, professor at

Academician of Chi-

the College of Engineering, Peking Uni-
versity. His research interest covers stability theory and its
application, robust control, and complex systems control

theories.)

BAEE  Jbt K T B, 1995 4F
TR R GERE A BT 3R B A 1 s 22 A
1995 45 7 H % 1997 4 6 HAEALRTRY
D325 5 TTRERE 7 R A J5 05T T AE.
THRIFTT ) B PR RS
P

E-mail: zygeng@pku.edu.cn

(GENG Zhi-Yong
neering, Peking University. He received his Ph.D. degree

Professor at the College of Engi-

from Institute of Systems Science, Academy of Mathemat-
ics and System Sciences, Chinese Academy of Sciences. His
research interest covers robust control and nonlinear sys-

tems control theories.)

FER LR LA BRI Bz, 1998
AL B R AIR B L A, 2 S
15 R R GERE A O A R AT
B EHEWPFTT A b B B HL R
Z G 6], E-mail: jinzhiw@pku.edu.cn
(WANG Jin-Zhi
fessor at the College of Engineering,

Associate pro-

Peking University. She received her Ph.D. degree from

Peking University in 1998, and worked as a postdoctoral fel-
low in the Institute of Systems Science, Academy of Math-
ematics and System Science, Chinese Academy of Sciences.

Her research interest covers robust control and control of

limited systems.)

BEE  JbatR% LBl #d%. 2000
ETACHUR SR 2 1 2247, 2002 4F
FHIGTEAL IR D18 5 TR E R LAE.
FHRTFTT ) R R R RS E
PEFI S M 42 .

E-mail: duanzs@pku.edu.cn

(DUAN Zhi-Sheng  Associate pro-
fessor at the College of Engineering, Peking University. He

received his Ph. D. degree from Peking University in 2000.
His research interest covers robust control and stability of

large scale systems.)

B E AesURE BRI 2R, 2003 4
FAERCR R B A R 2. E BT
PGP 8 N | B 2 e et B R
ARYEEVEH . E-mail: yy@pku.edu.cn
(YANG Ying
at the College of Engineering, Peking
University. She received her Ph. D. de-

gree from Peking University in 2003. Her research interest

Associate professor

covers robust control and nonlinear systems control theory.

Corresponding author of this paper.)



