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Design of the Zero-Offset FIR Internal Model Controller with Quadratic

Constraint on the Predictive Estimation of the Control Actions
Hua Jianxing and Xi Yugeng
(Institute of Automation, shanghai Jiaotong University * Shanghai, 200030, P.R . China)

Abstract: A matrix QR decompositiom-based approach for the design of internal model controller is developed from the
plant impulse response. Both the quadratic constraint on the predictive control actions and the constraint on the stationary gains
of the controller are introduced in order to avoid extreme control actions and to guarantee zero-offsetness of the step response in
closed loop system. Simulations are given for a proof.
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2 FIR A& §) 88 B91% 3T 75 7% (Design of
FIR internal model controller)
2.1 E#EFERNZEIZIT(Controller design using direct
inverse dynamics approach)
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N M-1
G(z™Y) = Zgiz"”l, C(zY) = Eciz_i,
o1 i=0

(2.1)
e
G(z")C(z™") = D(z™Y) + E(z7Y),

(2.2)
XE, DD RFEEHS C(27H) M 6(27) #Hahs
HEEERE, E(27!) RBBRIRERE, 7EHAER

AP
D(zY) =1,
H¥QR2OXBHEBFEER
GC = D + E,

E(z'Y) = 0. (2.3)

(2.4a)
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of
D=1[d d, dy]”,
E=le; e = el
C=[cy ¢ e,
G R % G Jok e e 7 R
r g1 0 cee 0 7
&2 &1
c=| " 7 7 | (2.4)
& 8m-1 &1
- 8N 8N-1 EN-M+1-
FEESRERS, D=1 0 - 0", &
AR R R RETEAR A «
J=EE=1l¢6c-Dl|3 (2.5)
W G IES QR 4R .
R X
G = Qx[o], Q™D = [Z] (2.6)

M (2. 5) A/ MER B3 FIR 2 AR R 8 .
G = R7'X. (2.7)
2.2 FUfGIRHIE TR AREE S8 1& 1T 75 % (Con-
troller design under quadratic constraint on the
pre-estimated control actions)
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M-1

up = Zéi(k)sk_i = s"(k)C(k), (2.8)
X '
sTCk) = [siosirsms Sepen ).
X ¥ B % 4 Bl A
uk+j = zéi(k)sk+j_i’ O$]$J“1’
(2.9)
E A5 R R
U(k) = S(k)C(k), (2.10a)

S(k) = [s(k),s(k+1),,s(k+J-1)]".
(2.10b)
BHSHmABERES Y.

v, — €, 1<Kk,

e {vi—ek, i > k.
Hep o HNBEH B SMRERE S, e I ABEH
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J(k) = 1 6GC(k) - D113 + w?u}

R /M H F 1 25 B AR A o

C(k) = K(k)Cypy» (2.11a)
Hr
K(k) = [1 - w*R'R™s(k)s(k)])/B*(k),
(2.11b)
BF(k) =1+ wis"™ (k)RR Ts(k). (2.11c)
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It BHERRIEIR i — B E R,
J(k) =[C(k)G" - DTI[GC(k) - D] +
w?C™(k)s(k)s™(k)C(k),
" .
3J(k)/3C(k) =[C"(k)G" - D"]G +
w?C(k)s(k)s"(k) = 0,
m
C(k) = [G"G + w?s(k)s"(k)]"'G™D.
(2.12)
AR R A5
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(G"6) ! — w(G"6) s (k)s"(k)(GTG)!
1+ w*sT(k)(G"6) s (k) ’
BB ER S MIERE .
G'G = R'R, (G'6)™!' = R'RT,
(G"G)'6D = Cy,,
¥ ERXRA (2. 12) KB EBIE. UEEE .
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PUF 68 b1 ds .

_ I-1
J(B) = 1 6GC(k) = D113+ 2wl

M 5 2 B AR J
C(k) = [1 - RMAK)F (k) WS(E)] Ciy
(2.13)
Hop

ACk) = RT"S™(k)w,
F(k) = I+ AT (k)A(E),
W = diag[wo,wl,"',wj_l].
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3 TEELRTHES 8% (Controller
design under zero-offset constraint)
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CzH6(zY) 1, =1, (3.1)
H
G 1(zY) l.=1 = b,
b st 7] 5 )
ATC = b, (3.2)

XE CHERMBERLE, &8 A4 H[1,1,,1]".
EIE 3.1 EEHISBSECcG ), =b
AT, BHEABEHBENEE C M.

Cmv - Cmv - P(AT mv - b)/p’ (333)

Hr
P = R'R "4, p = A"P. (3.3b)
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= “ Gz'inv -D ” % + #(ATéinv -b),
HaH/IC,, = 0, AJfE
Ci = Ciny — p(676)7'4,
¥ ERXRA9H9p = 0, M
u = (ATCy, - b)/AT(GTG) 1A,
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C(k)=C(k)-K(k)P[ATC(k) - b1/ATK(k)P,
‘ (3.4)
Hep, K(k) BXI(2.11b), P #9752 .(3.3b) .

iE C(k) WRMATHER N A ATC(E) = b &
REMBT, ET IR/ ME .
J(k) = | 6C(k) - D |3 + w?u?,
w = sT(k)C(k).
RAGER 3.1 M7 o, AT 78 2 o
C(k) = C(k) - B'B-TA[AC(k) - b]/ATB-1B-"4,
(3.5)

B jﬁztzﬁﬂmﬁﬁfﬁﬂ%ﬂ:
= R"R + w?s(k)s"(k),
%87 K(k) '3 P WK, 748 BTB By RE K .
B'B-T = K(k)R'RT,
A
B'B"A = K(k)R'R""A = K(k)P,
RAGSKEPABIE. iEg

EHE 3.3 AHEHBBERESC G, =
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BEBEEC (k) ¥,

C (k) =C(k) ~ B (B)H"(R)ALA™C (k) - b1/
ATH Y (E)H " (k)A,
Hp
H'(k)H(E) = R'R + S"(k)W*S(k),

H(E) Ry B = faAb s .
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% 43 #7 (Properties analysis of FIR inverse
dynamics controller)
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G(z) = glI—I(I R (4.1)
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- (a*a)™(a*)"}

1— (a*a)m+l ’

¢ = Ogsig<sm-1,

(4.2a2)
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EFH (1 = ) MBEHEEERLEFFN
(a*a)™(a*a = 1)(a*)""

e = - (a" q)m » O igm,
(4.3a)
BEFIIN Z ZBHREEB .
B = lepas o),
1 —l(zi*(i ”’z;l”‘ 1, (4.3b)
BREEIREDN
l-a‘a

IEN} = (a*a)'"°mm-

(4.3¢)
i W
MEHKE m BT RS, — B ER R A
T 2% [F] P B A
”{iqlcizai, lim lEl3=0, iirgE(z'l) l,.1=0,
(4.4a)
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lim [ £} =1-—, (4.4b)

hmE(z‘l) ;=1 = 1*_ a a

a a - (1
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5 {AESHIF(Simulations)
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Fig. 1 Simulation results for example one
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Table 1 Relation between the length of FIR inverse dynamics controller and the approximation error

1+0.8z7! 1+ (0.4 +0.8)z7! 1+1.25z7} 1+(0.8+j0.8)z"
m EQ1) IE3 EQ1) ITElZ  EQ) NENS EQ1) (WAE:
1 0.0976  0.3920 0.2222 - j0.4444 0.4444 - 0.1220  0.6098 0.2105 + j0. 3509 0.5614
2 -0.2633 0.1988 0.0656 — j0.0000 0.2623 - 0.4098 0.4879  —0.1568 - j0.0653  0.4181
3 0.0726  0.1134  -0.1591 - j0.0434  0.1734 - 0.1419  0.4326 - 0.3010+ j0.1158  0.3486 -
4 -0.1218 0.0677  -0.0838+j0.1523  0.1218 -0.2975 0.4033 - 0.0780 + 0. 1024  0.3085
5 0.0519  0.0415 0.0527 + j0.0056 0.0888 -0.1585 0.386 - 0.1796 - j0.0140  0.2831
10 -0.02355 0.042  -0.0358+j0.040 0.025 -0.2188 0.3627  —0.1115+ j0.0167  0.2343
20 -0.0023 0.0005  0.0095 + j0.0091 0.0023  -0.2019 0.3600  -0.1093 +j0.0492  0.2200
30 -0.0002 0.0000 0.0029 - j0.0031 0.0002  -0.2002 0.3600 - 0.1184 + j0.0476 ~  0.2189
0 0.0000 0.0000 -0.0004+j0.0003  0.0000 0.2000  0.3600 - 0.1172+ j0.0449  0.2188

(T 4% 500 )
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