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Notch filter feedback control for chaotic systems

CAI Chao-hong, XU Zhen-yuan, XU Wen-bo
(School of Information & Control Engineering, Southemn Yangtze University, Jiangsu Wuxi 214036, China)

Abstract: A new method is presented to achieve control over chaotic motion in the perturbed planar Hamiltonian system
using notch filter output feedback control. Based on Melnikov’s method which is perturbation criteria for chaos, the suitable pa-
rameters of notch filter are computed to direct the chaotic motion towards desired low-period motion, the average method, more-
over, is introduced to analyze the stability of the controlled system. And numerical simulation results are provided to demon-

strate the effectiveness of Melnikov’ s analysis.
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YIE R 1 R £ R, BT LLIS 45 0 e
ASEFANs YRR RBNERR BB
4> 77 %8 ,Melnikov F BB EFAR AT XL R L
f ZHEPE n3Ept 5t B Smale D FF A HE LT MR
MAIET 5 2. A XK A Melnikov 5 ¥, i B HE
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HEAG A I EFSENRBRHES
BokZHIEM . H R E AT LB, AR CRA
TARRBRIO LIS T E, N EEBRRETR

EMELT.

2 MEEBREIRBEHETIRZSZAFR
( Technique of notch filter feedback control
for chaotic dynamics)

2.1 F& Hamilton &% Melnikov 77 5% (Pla-

nar Hamilton system and Melnikov method)
e B A 3 /E A 89 ¥ i Hamilton 31 1 R4

2= f(2) + egln,t), % = (”‘)e . (1)
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Hrh
fl(x) gl(x,l)

Flx) = (fz(x))’ glxe) = (gz(x,t))
ERSHBHNEAER BEEBTRELRIER, g(x,t)
2t MR EE AR T. X (DA U MMRIK:

Hl) ¢ = 0B}, (1) 5 — Hamilton &4, H
Hamilton 225 H(x;,x,), W2

fi = dH/3xy, fr = dH/Ix;.

H2) ¥ e = 0BT, (1) FHE - O ER A pO LA

K—%EHE p® WEEHE
g°(2) = (x9(2),25(2)).

H3) 4 I'° = {P() 1€ RNU {p°, M2 TP
NEEW—FEL kF ASEORAMNE +0) =
(£5(t),25(2)) , Hd,k € J c R

H4) 12 by = H(g"*(2)). T, 9 ¢* () WA, T,
ok, BIVTEE RS, HAE I° N R dT,/dh, > 08K
dT,/dh, < 0).

B SCPETNZERBES plo: S — S 2h

po(q.(to,10)) =
H(g.(to + T,20),0(T)) =
qe (2o + T,tp).
Hh g (2o, t0) AR MR, I RABRERE —H
S0l 3
Xt FREHLE ¢°(2), 1B H Melnikov EHL, 183 2]
M(lo) =

ji:f(qo(t)) A g(q®(2),t + to)de,

HA, a A b= ab, - ayb;.

SIEE 1 R M) BENKE « WEAE
BLxT N e, (1) W n3E RS po B
Smale 5 BF AR # 5 SU T IR TE.

XTFRHEGE, ¢ T4/0, AT LU (1) Bl
FBYGERMMEER e =0ME T, = mTHT, =
mT/n WOBEFE /NS T A R W45 B iE
¢* (1) B9 Melnikov R %X

M (0) = [ ACH) A g (g () + o).

S5I3 2 M (1) 7E to € [0, T] PHEERK
BT e WRTATE, B dT/dhy = 0, ST TR/
e(n), 20 < e <eln)il, ZRGE(1) FrXt N #IBE N 3E
LS plo FFFERIM m &

2.2 EFEHESRIG T (The design of control systems)
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Fig. 1 Notch filter feedback control chaso system
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6(o) = Asd

P(s? + @2)/(s? + 28w,s + «?). (2)
HY, o, HUEEESKEAHRE, { HHEB R,
P AR5, B 0ES0 Bode BN 2 FTon . B8R 1
w = w, LHI M GEX—BHRNRIER
B, fE RGN IBIEE SRR AHIE . T 5144t
AR BEEHARL, W0 A (y) = Py, RIBELE P AT
REE LIS R RGO AR Lt R5 11 ; A RL A RO AR BE
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Fig. 2 Notch filter Bode magnitude
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B RGH B A

21 = fi(x) + eg1(x,t),

%y = folx) + ego(x,t) - h,

. (3)

X3 = X4,

X4 = — w%,x3 - 2§w,,x4 + x1.
He, h Pxi(t) - 28w, Pxs(t), BRETH R v =
x1. %€ = e, R E, LTRS¢ M L. MET,
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A4 (3) A1 Z AT E AL
{xl = fi(x) + egi(x,t),
%5 = fo(x) + e(gal(x,t) + 28w, Pxs - Pxy/€).
(4
RG(3)fm =, BRI I 4 R B E M

TN %3 + wlixs + 2elw, %3 = x,. FAADLAILRITEFT

WIT R BRI

x3=e % (Creos v 1-€28%wpt + CosinV 1-2w,t ).

FEE t— » B ,x(t) >~ 0. WRREGEH K

FE B, AT 385 2 = Ceospt, p N JE 3% H &)

SR SRIGHTHR 43 + wins + 2efwis = Coospt HIFF

N

x3 = Acospt + Bsinpt =
2C(w? - p*)cospr/((w? = p2)? + (2elwap)?) +
2eCEp w,sinpt/ ((w? - p2)? + (2efwp)?).
ETRGEE D5 R ES AR,
®EFE w,,[F18 w, p,wi — pz — 0. WH
X4 = X3 =
2e Cowpcospt/ ((w? — p2)? + (2ebw,0)?).

/7\‘\

B =2eClow,/((w} -~ *)? + (2e5w0)?) =
C2elw,,

M x, = Bcospt.

2.3 & T Melnikov 75 i% B3 % 3 G 53 47 (The
analysis of control systems based on Melnikov
method)

T4 3 T Melnikov 77 3 B3 Hil R 48 1917
pEZx ¥

EHE w, 1% w,— o.

BF A B As p I B, BRRL B3 4R P = O,

q°(t) & Melnikov BRI M,(ty), B35 3 1 ¥ E R G
(1) B B3 G plo 75 Smale S BT X T HY
B SEEMNT.

RN IS R et , BN R st 4x P = 0.
HEHERES(4) WREHE ¢°(t) # Melnikov B
M. (o)

M. (to) = M, (o) + P(ZCin:fl(x)x‘idz -

%Jj:fl(x)xldt).

UFE w,, B ERBITE M. (o) c0ONSE PIHEH
S, R S (4) EEINBEMR ST p'o B Smale 5 B

AR B ST BRI 5%, R G MR NS SR, &
KRIEWE .

a8 1O i BESHE ¢ () #9 Melnikov
BRE M (10, P). &

M7 (ty, P) z,[:rfl(x)gz(qk(l)ﬂ + 10)dt -

fz(x)g1(q"(l),l + to)dt,
ny
M:;"/"(lOyP) =

M (19, P) + P(J:T2§wnf1(x)x4(t +

to)de - %fl(x)xl(t + to)de).

BE w,, BT M7 (40, p) = O, IFFFES
WMMSE P L 54
3 FREMESH7T (Analysis of stability)
RIE R R I'° MEFIE— %R ¢*(2).
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HRlR MET et AT AR
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2 ar - 91 _28 .99 oig
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MG(H) H5IR F = 25 fewFie, p w1k
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4 3LHIS ¥ 5EUE {5 E (Example analysis and
numerical simulation)
AXEBEBEZE R EFNHEANFE

Hamilton B30 11 & 4t 1% 3%.4% Duffing Ir T

y+3y—%y+%y3= Fcos()kt . (5)

He, Q = lrad/s,d = 0.168, F = 0.21 Bf EGc i H
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X1 = %2,
£y = — 5‘x2+%(x1 -2}y +r(t) - A, (6)
x3 = X4,
24 = — wixy — 28wy + %y,
HAF, b= Px(t) - 28 w,Prs(2) , RHEHSEHBA
K r(t) = Feos(it ,BHHH N y = 2.4 8 = &,
£ =¢et,F = ef, HIHHBEFE UTHHBEIES.CH
5,.¢.
T AT 948 7 Gt tE Melnikov 43477 -
EHWE w,, F18 w, —~p.
B VA I8 B R e, IR R G AT R R R
W% Duffing IR FH B, HEM R4

X1 = %2,
{ (7

%, = — €0x5 + %(xl — x}) + efcos(t.

% ¢ = 0B, (7)% — Hamilton & 4t , & Hamilton
BX:
2 2 4
H(DFELE - M 8E pP U R —&ES p' W

R HE ¢°(e) = (28(2),23(0)), Hh,

2(t) = ﬁsechﬁ,
2() = - sechitanhi.
R

ZE T AEAEH—FEU E ISENEARNIE
g () = (£h(e),25(e)), K

J2 t
A0 = il FE=5).

YU i L k ! L
xz(lt)——z_‘kzsn(A/—2 r——2_k2a )Cn(ﬁ r——2_k2a )
Hd,snu,cnu M dnu Ry HERT LB BRI S, & RHIGIE
BREAIE,0 < k < 1, FLEBXINBIBEMHI T = 2

V2K(EYNV 2 - B2, K(k) = J?JI_CI—Z—Z:T— RHE—
- sin o

K5z ME RS .
- FIAR U ) Melnikov & %, 8 5

M, (o) =j+:xg(t)[fcosﬂ(t + 29) — 8x3(¢) 1de =

442 il .
- 0 + 2f ——————=sin{ty. 8
3 * f2cosh.QTc/~/§sm 0 8)
LEREHLE
‘éé > R(2) = gﬁcoshﬂn/ﬁ, (9)

M, (to) EBEREH ¢ MRETRFT S, NXTFRD/D
B e, 3R (7) MBEINSEBLSS plo B Smale B E
X TR .

FEMMEEERRIESE, &G HRIRITEE S
B, S EAME N TRBHE ), BFHRE
B x = 20() B, SRBEESR, FFRATERSH
15 HLiE A9 Melnikov BRI %X

M(o) = | () feos(t + 10) - 8:3(2) ~

0
%Q + 2&w,Px,(£)]ds =

Orn

4 /3 ]
— o N28 + 2fsinQUg —————= +
3 f 0 coshQr/2

Jj:Z&u,,ng(t)dx;;(t). (10)

% ¢ =0.01,w, = 16, F Mathematica 546
BB 10058 |7 22(dus(0) Y - 1.0930. 8
8T 260,P8(1)dx (1) WFIA, BBR(10)

% Melnikov BR%L M, (1) = 0, FTLARGHIRTEIZ 3
BB, SR EE .
LRGHE I EAAG, MRS RN

£y + wyxy + 2elaygs =

*/—2 dn(—t—_ak):
V2o W22 - k)
2 (m 2\ _¢"  onmp
(2K KZ] 1+ ¢°® K /202 - kz))'
(11)
He, g =™K K =vV1-k,K(k) = K(F),
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EFRAEWEE LT SRR
BAE, v A G2 J5 3 F BLE A9 Melnikov BR%K -
M?/"(to,B,f’P) =

™ mon) k
'[0 x5 ™ ™M (feosd2(t + o) - sz(""") -

eﬁxlf('"'”) + ZCwREPcosp(t + tp))de =

- 8Ni(m,n) - fsinfdto J,(m,n,02) -
2%w,BPsinptyJy(m,n, p)
H
Jilm,n) =
2«/5(2—k2(m,n))E(k(m,n))/(2—k2(m,n))3/2—
42K (m,n)K(k(m,n))/(2=k*(m,n))*?,
0, n %1,

mk' (k(m,n))
Rk ) o= b

s Ly n =
Ja(man. 2) {Znﬂsech

E(k) = L—f«/ 1 - E%sinfada

NE_RELWHEBER S SLEMNNAEAYP T, =
2K(EYV2NV 2 - k2 = 2mn/On.

1.5 —

1

WA M (19,8,f,P) =0,n = 1. BR, ¥
BEEM P, HEAGK (OB AFERLRIKIER
HARR .

X TFREH ST, X T4 CH K5 Duffing R
%ﬁﬁyﬁ:

55 (M7 (1)) =

(- fcosﬂtoﬁh(m, n,Q2) -

2§wnEPCOS[Oto 5"‘?_,;.]2( m,n y[o))!

N FBR, FSCATHE XL, BHHTE vl B
B, BATHS BT T E R T EERRA:

ted /e[ F(H) + 35 (€3] =

Jed 1 3
—ﬁma—l[h(m,n)]

ERXF 201) > 0,7, (m,n) TARBEBHAKEEE

B, SHERE TREK. B, 0 m]|

> 0. HBR rd < 0, MPER R HEFER
JE &) FHIAEL.
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Fig. 3 Numerical simulation of original system and controlled system
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Fig. 4 Period-2 orbit and period-1 orbit in the controlled Duffing’s system
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RAEMTEENE3 IR, #— S AREREE, P
= 0.300, HIEARGLE ° AR ENFEH 2 #;
= 0.400f, HERAEHH I AMBEHFRLY 1
T EEIE 4R . B RGH S0 1 #ed Bp
Q=p=w,=1k=0k =1,¢g =1.9039 x 1073,
FE#A 1 BB B R 2, 05 B P AT LGE S R B RS
WS EHAE. R (11) A 15 .
4ng €
4T+ q) 4e’Lw,
0.0914cos(t) + o(e?). (12)
TR 1 ERNAFE, R(I2DIEXTHRESZR
SREAR FRAAFE, NMEHR.
5 %5t (Conclusions)

DAAE B CERIR AL G thl i v, BEE L3R
W BARMHEE R, X FERE —EW
BRFA ) . A SR A VDA R O i iR i 4%, 1EAE R K
REHERGREERGE R, REBE L — KA
WRE s, MIETE IR I8 0 B AT A B R R
MEGES, FETREESITAREGR 4RE
B, %t B $E s /5 A 1 F ilf Hamilton B3 R4t
B DLGE N — A E R A IR AR SRS | R RGN
BHEFEANHENREHEs, WHE LS T3
B, BreimeEE/> (P = 0.3).

F5 48, AR F P UIAE U8 I SRS A, TR
AF— KRB AKIE M R 4, 40 Duffing-Holmes ¥
FORIAME ZE/RIRF Lorenz AR EHIE LK -
ARBBHARFIRMEN N AL, L3I R R4
MRMEEsIFAH BN REHEZs, B8 FEET

COS(t) ==

B3, BEARMAEE /D XEHZFEEE —-EH
EEYE, BB BB TE N AR . X T Lorenz &
4, B8 X Hamilton REMEIS , FEN=Z4RS
FE—E LA FRIFEF M (Z e8P i) BT X
A — 4k A9 Hamilton & 5t , - ¥ H) & T Melnikov J7 &
MIEH RAERETRIT FEDRER, PR E
HERELZ, RIMEAXEH.
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