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A Multi-Model Decomposition Based Method for
the Internal Model Pole Placement Control

Hua Jianxing

and Xi Yugeng

(Institute of Automation, Shanghai Jiaotong Universily « Shanghai , 200030, P. R. China)

Abstract: A novel internal model control structure with multiple output error feedbacks is proposed in this paper, by means of

rulti-model decomposition technique.. Theoretical analysis shows that, pole placement control can be realized using this newly de-

veloped internal model control structure just from appropriate selection of the feedback gains. Both the design method and the exam-

ple are presented for a testification.
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1 3] E (Introduction)

VAR 1) 2 40 1 4 T i 78 ol 3 B v 45 51
Tz R iU 3 e R R S, SR
X RAAY 5L PR R I 450, AR LR
—FROT IR R G, BB JC Wk R T AR R R
Fdl 4] 7 SO F X R 1Y) CARMA B | 4 AR &
P B 42 ) ) A R Sk TR0 T PN R A ) A 3 A e AR 1
FEATEER o0 itk , S 0T IR 10 AT £ B L R 95
S5t B PR TES di 25 4 , BIVGA ) T T A8 D 4544 5 4 1) T
TTRLRULE  TR5 1 I A A B TR 43 it 5 i o R
IR PRSI S M TR L S BT AR I U 2 ok R
PR B HE # , (58 AT S P B A o R S AT B AR S
Hie S ], DTS AT 3 FH T R E X 4 45
2 REMEFIEE S (Muli-model decom-

position for internal model)

WX RN CARMA £50 G(27') Hy.

G(z7") = B(z"Y)/7A(:Y), (1a)
S n
B(z!) = Z/bizﬂﬂ/l(z_]) = Zaiz_”,a,v = 1.
i=0 e=0
(1b)
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2.1 FHEREIR i EXAE Y 43 % ( Time-shifting model de-

composition )

1% R CARMA #ERIVE i F A .

G(z7") = iGi(zl), (2a)
G(z7') = I;;z“/A(z"‘) = bz 'Gy(z7"), (2b)
Gz = Bl -y, (2¢)

b;
Gi(z7") T HER, Go(2") Ry AR, BT A i T
Gi(z7") R eh HEARY 25 ) JE 55 48 25 45 0 M7 45, PR 7T
A [F) S8 il A ORI, 4 TR 1 i L S A B
2.2 HAEEI SRR (Pole model decomposition)
W G(2h) RS R TR

n
'

ol e ky;
6(z"") = 2225 (ﬁ
eIt Sl < + pi (3)

n

Zmi = N,

m; R RS

LS T LT B8 (20) B FE 20 B AR 2, T
A TR RIS — B, R0, B 7 ) 6 4 A
WO, % TR RS —RERY
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3 ZEEHHIEERBRONERSEH (Inter-  RIER 1, ATRL—RBUEERIRE R BN E;

nal model control structure with multiple out- E(z") = Fiu(z D6, (z™) -
put error feedbacks) z’: 6(=")] + D(zD)1, %)
3.1 A FITHEBI LM (Vertical parallel model struc- j=1
are) MR G SERES 2R
ST PR I T 1L 45 H 0 P A8 5 28 4 R A 1) = =
B 1 B . 6, ()R + [1- 25 F >, 6(")1D(™)
i=0  j=1
R + U D Y N i :
R 2 G, v’ , 1+ 2 R[6,) - 25607
N » i=0 j=1
N
1 6—G, R(z7Y) - D(z—l)ZFi
= f+ U(GY) = —— :
1 GG, 4’ " 1+ EF,-[CP(Z'I) - ZGj(z_l)]
i=0 i=1
E, ’_1 GG ﬁ’ (5)
3.2 HEE F 1T B4 (Horizontal parallel model
F| structure )
K ) ST FRBR I PAT R AR i R iR 22 R B R
L Bt ZES A5 S0 T, 4 PR,
Fy L5t aniE 2 Frw
R P 1] F AT AR S5 R I AR R R 4, HAE
A —RHILNRERS B A
B 1 ST B A £ T A R 22 SR P AR i) 254 on r o
Fig. 1 Internal model control system with multiple output E(z7") = F(z )[GP(Z ) -
feedbacks and vertical parallel model 6z M) + Gi(z'l) + D(zH], 6)
LR 3k 1
N
G, (DR + 11 - 2 F[6(z") - 6:(z)]ID(G™)
Y(z7') = = = (7a)

1+ FoG,(z™) + 25 F[6,(z™) - 6(z7) + 6i(z™)]
pHfEE R i )
R(zY) - D(zH) D F,
U(z!) = . — —, (7b)
1+ FoG,(27") + ZFi[Gp(z‘l) - G(zY) + G(z7H)]

4 HRAEEREM (Pole placement control) ]
X B R NS H SR X RAERI TR Z R IE .

G(zHRG™ + (1 - 256" 2 F1D(™)

o T 4= ] S e = -
4.1 FAYETFITER LW (Under vertical parallel e ZGL'(Z_I)Z F,
model structure) i=1 im0
N
G,(z") = 6(z7") = 2, 6(z7N),
i1

‘ i R(z™") - D(z_l)zN:Fi
MR RER W HSERES RN U(z!) = —————=0 (8b)

N i-1
y(z"") = 14+ 2,6z )2 F
i=1 j=0
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Fig. 2 Internal model control system with multiple output
feedbacks and horizontal parallel model

RHERNBEEELZTRN P(271),
PG = Dpey p=1. ()
%%%”IEE%‘:*&,&MgfmUTE%ituZ~éﬁ'rE—ffﬁEj:
P(z")/A(z7") = 1+ iv]ci(z-l)iFj. (10)
ARy B - .
[P(z") - A(D/AG!Y) = ﬁa[Gi(Z'l),

(1)
BRIWE
a; = iFj, (1<iaN). (12)
2 1) E TR 30 8 0 B I
ﬁ:Fi =1. (13)

9 ) R R O R 5 26

Fo = ap,
{F1=Qi+1_ai’(l$iSN_1), (14)
Fy =1- ay.
gyl NEmBiRERBE, Y(z7) 5 U(z") R
Y(z71) = B(z"YR(zV)/P(zV) 4
{ [1-B(z")/P(z")]D(z7Y),
U(z?") = [R(z7") - D(z7)]A(z")/P(27Y).
(15)
BB R AR LEZE, W P(27Y) ©
T AL
PGzl = BGHI . (16)

4.2 RAEEHFITHEE LM (Under horizontal paral-
lel model structure)

% 6, (z7) T ¢ L ARRGEH Y(2)
5 Uz A

Y(z7!) =
G(z")R(z™Y) +[1 - ‘Z_,\ll)Gi(z‘l)JZiv;Ifj]D(z‘l)
1+ ﬁ(FO + F)Gi(z7")
h (17a)
R(z7') - D(z“)ZN:Fi
U(z™!') = = (17b)

1+ Z(FO + F)G(z7Y)

T ZA ) R Guk i BC B i IR 22 SR IE 28 0

Fo= (Dla- 1D/AN-1),
(18)
Fi=a-F, (l1<i<N).
5 &3t F (Design example)
w
Cp(z_l) = G(z7Y) =
20z +2) /(27 + 0.5) (27t + 1),
Az = (z7'+0.5)(z7' + 1),
B(z™Y)) =2(z7' +2),
A—m R -2, 0 F RN Z AN, B 8 AR
IR SR EZ AN
P(z7")y = (z7' +1.4)(z7' + 1.5),
e P(z") 1 _=BGEHI .
G, (271 AR B HE 3R FHERY A
G,(z7") = 6,(z7") + G(z7"),
Gi(z") =4/[(z7' +0.5) (7 + 1)],
Gy(z7') =27 /[(27 +0.5)(z7 + 1)],
(P(z7") - A(z"))/P(z") =
(1.4z7' +1.6)/(z7' +0.5)(z7' + 1) =
0.4G,(z7") +0.76,(z7"),
A ay = 0.4, a, = 0.7.
2R A AT AR S, R B AR R LR
A i IR 2 S 25
Fo = a; = 0.4,
F,=a;-a =0.3,
Fy=1-a; =0.6.
LR R AT BB B, B LB MR R E R
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Fo=a+a-1=0.1,

F, = ay - Fy =0.3,

Fy = ap - Fy = 0.6.
G,(z7") MR AL TAETL S

G(z7Y) = 6/(z7' +0.5),

Gy(z7Y) =-4/(z71 + 1),

(P - Az HI/P) =

(1.4z7' +1.6)/[ (27 +0.5)(z7" + 1)) =

0.3G,(z7") +0.16,(z7").
A a; = 0.3,a, = 0.1.

LR A FAT R S M A, AR B S B
A L R 2 R 25 N

Fo = a; =0.3,
Fil=a,-a =-0.2,
Fy=1-a;, =0.7.
2SR BN 7 747 AR Y ] B 58 B A R TIC B A A L R
=t s N
Fo=a +ay-1=-0.6,
F, = a; - Fy = 0.9,
Fy = ap - Fy =0.7.

R RS WY BR A Y BR IR Bh T, S AR X R
i R HERME S AL IR 3 BTN RS O SRARES
ZI), B 0 AL I E A B BRI A, TE 5B 20 SRARET 2, It
T 0.5 B BE A9 B BRI 3N , 240 Ry i A8 1k
Pl E 3 B4 ETR , ZEN RMEE T L
AN 3 SER PR

LIRS BB AR AR L, AR SURY £ EL N IR 2
5 N AR ) B8 I T — B A L B 1R T, LT R
BIEH RGN X AR ARNR 2T,
FEE T B A3 25 PR IE P 3R B 35 ) R R B R AR 1
) [R) EF, T AR IE A 30 P AR 4% ] 2R 46 d L XoF B BR s A
BTG R 2R
6 451t (Conclusion)
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Fig. 3 Output signal and control signal of the simulation test
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