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Robust control design of linear systems

based on model reference and internal model principle

PAN Deng, ZHENG Ying-ping
(School of Electronic & Information Engineering, Tongji Universiy, Shanghai 200092, China)

Abstract: The uncertainties usually deteriorate the performance of the systems. It includes the uncertain parameters
and the outside disturbances and so on. With model reference and internal model principle, a structure of robust control
systems is built for this kind of linear uncertain systems, and its controllability condition is then analyzed. Its controllability
condition can be satisfied by choice of reference model and internal model. On this condition, the robust control design
can be converted into the linear quadratic regulator(LQR) problem, and the optimal control theory can also be utilized to
compute its feedback control law. The simulation shows that model reference and internal model principle can be integrated
into this approach, which can improve the robust stability of the systems, reduce disturbance efficiently and ameliorate its
performance.
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Fig.1 Model of the controlled systems
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Fig. 2 Robust control systems based on model reference
and internal model principle
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AR, T A O, V(F) > 0; 7 = O, VI(T) = 0. 1
(12) 2 A9) AT BLHEAT LR 4
V(%) =
VXA + AA(p))Z+ (I + AB(p)B")BKT) =
VX (AZ + BKT 4 L) + VX AA(p)T —
VILE + VIAB(p) K7 =
79, - 7'QF - 3" K"K7 - "L L7 —
2T KTBYAA(p)T + 28T LT L —
28" K"BTAB(p)KT =
Uy — 2 QT — T K"Kz + 3" L"Lx —
27" KT"B*AA(p)i — 22" K" B*AB(p) K.
X R GORA TR AT S
B =31, 0 o}T (€, 0 0]7=
T P(p) " D(p)z, (20)
JT A
V(@) =
-2 (P(p)"P(p) +Q+ K"K — LT L+

2KTBY*AA(p) + 2K"B*AB(p)K)Z. (21)

‘—iil% # OHTJ‘, Vp S (pminapmax)’ R%
d(p)'P(p)+Q+K'K—-L"L+
2KTBYAA(p) + 2K"B*AB(p)K > 0, (22)

AV (Z) < Oar, BAV(@) W REH—
ALyapunov i3, u = — K74 2 456 He i S A
EX 2 EX
Q = inf{® : (VP € (Pmin, Pmax))|P <
D(p) P (p) + Q}, N (23)
PLIE AR RZLQRIA M “Q” , Q > 0. hixk
(14)(15)7 Sk 15 51 14 1~ 2 4iLQRIH) 8 (¥ A, B, R(1::

T

uTu+ v T BLE RN m R [Z] AT R N

B R, B EnT DUAR B8 4 B 7 FEQ12) 1, A3
LS R = 1), Ay of LA i Riceati 7 P s i ) 15
seniitr | 1S
P [L] )
4 /i E(Simulation)
4.1 i E BB (Steps of simulation)
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Step 3 KPR T RE(8) (9 # B (12)(13).

Step 4 % 5)IEFQIEWIE RS S H i
St E Be N A PE RE AR bR, 11456 N4 (23), 15
B RELQRIN B A, B,Q.R.

Step 5 K AH M. (Y Riccati 77 B, 15 F At S i 4%
Hlftu = — KT, v = — L. WD BRAILQR i) R fi#.

Step 6 K S it 7 ALK, LA X(22)dk 47 56
E. WAL S, WIZE R 150, % Step 4.
4.2 i B4 (Simulation example)

Yooy

C’z[l 2},AC:[p p],Bw: )

]7Dw:17

Setbpe (0 3] w1 Oa+
| —6.1697 —1.7029

Tu)dtf /N, ZHBM A, = ,
usu)dtheh. 258 _95849 — 2.8515



Fal

%

A

TR 23 2 T P A s B ) e M R 0 S b s I 655

2
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{ T, =e,
Ye = Ze-

1| Cm= [1 2] TR Twhe T4 i s
i BRI A A D(s) = s, AN ABLRETT TN

HY
Q = inf{P : (VD € (Pmin, Pmax))|P <
(p) ' P(p) + Q} =
10.2500 —0.2500 0 0 0
~0.2500 10.2500 0 0 0
0 0 10.0000 0 0
0 0 0  10.0000 0
0 0 0 0 10.0000
ZMATLABUE1)] E., 15

K =[2.9217 2.1447 0.4046 1.8345 3.1623 ]

10.2567 —11.7816 1.4828 —8.7758 —11.1137
—11.7816 18.3744 —2.7673 12.8681 16.9618
1.4828 —2.7673 1.6614 —3.1146 —2.7180
—8.7758 12.8681 —3.1146 12.7472 13.8638
—11.1137 16.9618 —2.7180 13.8638 20.3528
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Table 1 Characteristic roots of closed-loop systems after the feedback of the augmented systems
AHERZEp  FHER S FFIEAR Sy FHIEARS3 FAERLSy  FFAERRSs
0 -11.2801 -4.7939 -0.1791 -2.5902 -1.8134
1 —13.1658  —4.3577+1.42441 -4.3577-1.4244i  -0.9777 -1.8640
2 -14.7130  -5.3057+2.4991i  -5.3057-2.4991i —-1.5937 -1.8713
3 —15.8353  -6.4919+3.09061 —6.4919-3.09061  -2.1904 —1.8462
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6 - -
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4 i
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Fig. 3 Impulse response of y;, for different p
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