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Predictive control oriented identification of finite step response model
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Abstract: An algorithm for identifying the finite step response(FSR) model is given, which is utilized in the predictive
control software development. This algorithm includes the stamp and interpolation of bad data, data filtering, identification
case grouping and handling of the integral output, which is applied to the software development and engineering
implementations. In calculating the FSR model, the classical least squares method and increasing penalty factors are applied.
The contributions include an unified procedure for handling both stable and integral outputs, and the incremental method for

both the data and the identification algorithm, which are consistent with the actually applied dynamic matrix control(DMC)

techniques. The simulation example verifies the effectiveness of the proposed algorithm.

Keywords: predictive control; least squares method; finite step response; incremental model; penalty factor

.

0 51 5

ARk, B HHH RIS A5 2] T IR A BIBE I, &
NP & FhJ7 EEUE TR, 3 HAE TRESL R
PRV 1 R FROn 42 1) i — — A Dol =) T
FE A= A E K e 1 St 4 1 BRI, 7R3 #E Tolk A
RN T2 NP SekR B, 7R Dl N £
3¢ ) PR TOUIN 4% 1) B A A2 B A5 P 4 o) 24 e —
A ) BRI VL2 SR FH 187 B () o R e AR AR B R e 9
MR IR AR 2 T T 2 B E AT,

A AT FR B B e AR (R B, B 2
R T % ) A A R VAR 5%, AN SR A R A Ak B
HRRZE AR 28 AR o3 0] By A e o7 A Y 1 5 )
XoF B R o 97 ASE 2R AR, A SR F 48 U B s e
RICEARE S T A A TR S, HE#EA L,

s B EA:
HEEmB:

2015-10-25; 1&EIHEA: 2016-01-24.

(2016JM6049).
E=TOME

=z

i

TEAE (1972—-), J, Hdz, WA, PN 6] S0 T

X5 O ORI 3 ZE X ).
ASCHL CAAE AT K15 2 52 RS, IR
MR TRESEE . A EEAT S WK 1

=1 AXHS
s X
R™ n HERK 25 1A)
y A& (DV), BT R"v

w = l: Z } MSTAR & (IDV), BT R, ny = ny + ng

1 )R

AR &y 3 N FRE f— B R 8, Rl y =
[y* o7, Horb B bR s Ml 20 5 K R B4 E (stable) Al
143 (ramp). AN — ek, ik y® € R7vs, yb € R,
Nys + Ny = ny. RLRFRFEESTAE AN

B 2 863 i1 X Tl H (2014AA041802); [ &K H A Bl 2% 5 4 Tl H(61573269); P74 AR R 22 H &1 H

FE#fr (1991—), 59, i+, MZHE R G PHREIT

=7



A

11 4 TEX % BeRNE

{yeq,weq}={[yeq [ H

PR H 12145 BIERR S AR RO I 2R GE I o)
LR VR, FER R, X R AR B AR E T R AR
A 4t X3 X

xf T A e T R AL
7

SRR BRI A o 7 A

ZHlaw —1). (1)

o 1 oMK R EERE, 047 (k) = Yo (k) — Yo
dw(k — 1) = w(k — 1) — weq. K X (1) FRLLNETF
SRR RAINHLRE H} ~ 0,71 > N. 1] N LB

15, W (1) X 0ys (k ZHlaw — 1) A Rk
=1

1.
AR o AL DR A S, SR G R R S
PR ks o A L
N
O(Ay (k) =Y AH[ow(k —1). 2)
=1
Hor
AHj = Hf — Hj_y,
O(Ay' (k) = A(9y" (k) = Ay* (k),
Ay'(k) =y (k) —y"(k — 1),
9y (k) = y" (k) — yeq-

K H 2 (2) R 7R M TF 3 — B B 20 X B0 AT 4
EAH =~ 0, V1 > N, Bl Q) &5t o(Ay' (k) =

> AH{Ow(k — 1) HH BOEL.
=1
R (1) A ©2) I, T ZRITE y3, M weq (X1EZ

BB LT IEAE 5, o5 % s i34 &8, W6 ki
18 g5, Al weq. 7E3K (1) AT Q) IPTIAHRFELL AL ViR
A(0y° (k) = Ay®(k),
A(Qw(k —=1)) = Aw(k — 1),
A(8(Ay(k))) = A%y(k).
EE
N
k)= HiAw(k—1), 3)
:N
A%y (k) =Y AHAw(k —1). (4)
S o

Ay (k) =y (k) — 2y (k — 1) + ¥ (k — 2).
&3 3) 1 (4) 153

AR N

=1

S

(k —1).

) 69 A TR 2K o B AR AL HE R 2031
RS H B /N AR vkt R { Aw} SR
e | Hp
e, BIERECH Je{1,2,---,N}.
AH?
i
hi1p  higg © Ry
hoii  hagy © Mol
H =
hny,l,l hny,Z,l hny,n““l

FFAE TR B SLAR B 5 TA R IR AR R R R A Bl A
PRI, O 1 G % 2 B AR AR A R AL, ok o i 2
R TR R — R 2 22 N A IR AR 2L g X
) M (4 LN

Ay;(k Z Z 5 Awi(k —1)

i€y 1=1

Z RS A, (k

1ET
N
k)= AR Awi(k—1) =
iETI'j =1

> AR A (k- 1),

1ET;

j € {ny7s+1any7s+27"' any}- (6)

7 ] € {1725 e any7s}; (5)

Hrp
Awi(k—1) =
[Aw;(k — 1), Aw;(k —2),- -
sz = [hjz 1ah§i2a T 7h§'i,N]a
Ahr = [Ah}; 1, ARG 0, ARL ],
T RN 55§ AR R A S AR K R K AL
A B R AR AR
2 HiEiE
I I R A A A T B A5 B A SR

, Aw; (k- N)|T,

W ] )
yi(0) (1) -+ w(L)
y2(0)  y2(l) - wa(L)
Mg = Yn, (O) yny(l) Yn, (L) )
w1 (0 wl(l) w1 (L
’LUQ(O) '(1)2(1) ’U]Q(L
| Wn, (0) wp, (1) -+ wy, (L) |
R R — AT N — AN B R 7 4.



2032 = Ll

* R % 31 %

2.1 FEERMIRRAEE
bR b, FEEEHOE JE T R 7, N REF T HRA,
R TS B B A A AL BE. 8 5, TERE B Mg R,
G SON b (bad). 5K I B SR$00E « RFE T 4
FEE AT B R E, 1% 5 B8 5 B o) B B RT3
Kt AT DVESRE AL, 0 B R MR 0 R
z(l) =

l—t1+1
t1 —1 —|x(t 1) —z(t; — 1
oty = 1)+ e+ 1) —n(ta — 1)
le{t17t1+17"'5t2}' (8)

oz e {yi,y2, , Uny w1, wa, - W, byt Mty
R T o MR B R i A2k i %10, % T1E 746 1{E
SO, A TERIN N b, SR B AT A PR e ZE (E
b B () B 2 IEARIE.

223 DA B A SR 508 1) e AR A, =X(7) A2 A
TR

HO) H) D) ]

y2(0)  ya(1) ya(L)
@
MaTwio) w0

wh(0)  wh(1) wh(L

|0l ) w) (1) o ul (D)

For a5 b,
22 HIEAFEELE
EH T 25040 rp AN W Gt AE RS MR RS, AT AT A
B, Ak DL — B Fe HCE I B n BLd B, 22X (9)
Ak b Bl /& 4 2 BU. 43 0l B B BUBUHE AP Ak
B, Rp
xﬂ”:{x%mzﬂ%Jj—bﬁl—&
o (1) + (1 — ag )2 (1 — 1), HAth;
je{1,2,--- n.}, z €{y,u,d}. (10)
Hrb {ay j, o j, aa i} 4 (0,1) XA -1 28 a0k
R AEAR SO AR IS T, W AT AME R AL FE. &
R P AL B, 20(9) 2 an R B A

[ y1(0) () yi' (L)
y2(0) w5 (1) y3 (L)
wi(0)  wi(1) --- wi(L)
wy(0)  wy(1) - wy(L)
| wy,, (0) wy (1) -+ wy (L) |
o BB E A T HEA D

3 BERIHHRE
BT A AR E SRR REEDISKR,
FEREE R 2 R A
31 #WRRGSE
R — 3o R A & y () 5 — o A w ()
ZNAELE B A BN AR OE 2R (BANH 8 H rh e e
N7 AR B 5 R AR B T T A AE BN AR RO R, W]
LR ¢ b5 w0) 2 [ B AR A H R — A R pF
S, RO SRATAE 5. AR R 23 (0 AR AT HRR S,
Rt — e T e A 8 5 R AR E 2 E A EE
BNAS XSO FR, W) 5 R o o R A 2E I EE R
W AL BRI o T8 e 20 8 R T REZE RS 2 K.
32 SR ENETENRHRIRES
Beys J& TR AL G5 20 DLy — et 0),
WFEHE IR 5 5w Z A ZHE R R AU, 1 5t
ERE M. My AT
Li=[AyP(N+1) Aw/(N+1-1)" =
< Aw!(N+1-2)" - Aw/()"]i € 7))
He1e{1,2,--,L — N}, FAbRifEL FHHIL
FIHEF1 5 42 B 32 366 38 (1 77 2. a0 2R L v SR &
FVREHE, W L, ANEN M, 5 TE M; T TH
—AT. BEF L€ {1,2,---, L— NYEEIN 1, M, B 7E
NN 14T BEE AR B R R M T R
M;=1Y; &1, (12)
oy A @; 43 R Ays A1 Aw) 1) KR T AR HE
R
20 5) o RT3 AR R R E SN
Ay (k) =Y [Awi(k—1) Aw;(k—2) —

1€
o Awi(k— N))(R)T,  (13)
TN 52 4 HER B A 0 B R A I, RO A2
Ay;(N +1)
ijf(N +2) B
Ay3(L)
PET; :
A i N A i 2 .
« %() . 7() (h5)". (14

APRE (14) {75 A



2113 TEL % BaNIEF 69 A KU Kok AR A 357 2033
Ay;(N+1:L)= Aw;(N +1)
Z[Awi(N:L—l),Awi(N—l:L—2)7 Z Aw;(N +2) R
1ET :

- 1ET .
B TAE 1 SR B8 1 500 % © 47 (B R £5 40 D8k b B, AN 2
Sl Aw;(N) Aw;(2)
R0 (14) F(15), 2 H T SRR A 25000 A: A
e wi(N+1) --- Aw;(3) -
Ayj (fo+N+2:mm— Lo+ N+2:73 —1; ya ) ' ' (Ah;l) . (19)
";T2nsr+N+2:7-2nsr+1_1): ’ ’ ’
STlAw(ro+ N+1:m =27+ N+1:7s—2; Awi(fkf)\ o Aui(L=N)
icn, AR (19) fi 5 Rl
o ;T2nsr+N+1:7_2nsr+1_2)7 AQZ};(N‘FQL):
Awi(ro+N:m =312+ N 13— 3; S [Awi(N +1: L~ 1), Aw;(N : L —2),
** 3 T2nsr + N : Tonsr+1 — 3), Y i€m;
Aw!(to+2:11 —N—-1;10+2:13— N —1; o Awi(2: L= N)J(ARS)T. (20)

S Tonsr + 21 Tonegr — N — D] (R5,)T (16)
Hrp (e {01, 2nst + 1} AEE, FAbsnsr N
“number of sections removed ” )48 5 ) 3% 7~ # 71 B 7Y
IR B o e 2 1R ).

33 S ESBRATENHEES
Byt BT R AL, E By 15w 2 1 )
BNAS R R IEBUN, 5 S MERE R M. M; B—ATHE
B2 W5
L, =
[A2y"(N+1) Aw/(N+1-1)" =
<= Aw! (N +1 - 2)T Awg’(l)Tﬁ € mjl.
Hrb: 1 e{2,3,-- L — N}, FAbRTE L T H I
FHE A 72 4 J 028 356 38 1 7 XL 2R g i
FIREHE, W L, AEN M, BILE M; R s i
—AT. BiE 1 € {2,3,--- , L — N} 3N 1, M, 85 1E
NN AT BEE AL, JE15 30 M; a0 =K
M; =1Y; &4, (17)
oo v, A ;4 B A2y A Aw (050 T R
R,
¥ () T RLTH j AN RIS EE R
A?yi(k) =
> [Awi(k—1) Aw;(k-2) =
iem;
< Awi(k — N)J(ARE)T, (18)
T 24 A5 28 58 A R BRCHE A 0 S T TR S B, B
&
A2y§(N +2)
A?y5(N +3)

A?y5(L)

FHTAE 7 SR B0H 1 500 %« 47 (B R0 2540 D8 ab B, A2
I (19) A1 (20), 112 H T dAERE 2% a5
A2y§/r(T0+N+3:T171;T2+N+327'371;
o ;T2nsr+N+3:T2nsr+1 *1) ==
Z[Aw;’(TO+N+2:7'1—2;7'2+N+2:73—2;

i€m;

5 Tonsr + N 42 Tongri1 — 2),

Aw!(to+ N+1:1 —3;70+ N+ 1:73—3;
o ;7—2nsr+N+1:7—2nsr+1_3)7"'7
Aw!(to+3:71—N—-1;79+3:13— N —1;

“ 5 Tonse + 31 Tonsry1 — N — 1)](ARS)T. @1)
34 BHEAME/N_FRE
¥ (16) 8l (1) fidh
Y; = @;0;, (22)

b0y AR SEALL, B 0T = [(h3,)T]i € ;) 5K
0 = [(ARE)Ti € my). 7E 0, Hh, i (¥ H LRI HE S 2 44
Fi iz et 1 10y 7 2K
SR b, H TR b A e O R IR A
R 5 4V A e 75 S0 ) | TR A A T 3R 72 AN AN T A
HIARZ P | I ARRFIEAE, 30 (22) RASRE ™ M 2 1. 5
ANFRZETH {e;(k)}, ¥ (22) 5 A
Y; = ;0,4 &;. (23)
Horb: 0, 0 0; ASTHE, &5 A5k 5 51 LI 1)
— MR, ZH A I A MK
J =& + pb; I16;. (24)
Ho:p > 0N FRRET, 0T > 06 2MiEik 4
A B AT ok e J82 1) AR A R, HLA EERIL R S S
OB RN, BT LS DL SCHR [9])
II=rrar,
I' = diag{[;|i € m;},



2034 = # * * % 31 %
A = diag{A;|i € 7;}, v e v Gy(s) Gy
1_ag{ ‘Z 7TJ}’ ) * MV@@{%@@@G“(S) _ (5) Z(S Al
1 0 0 ---0 0 GY(s
I FF il i (& 3 B8 G (s) = [G(s), Gd(s)]T. Ferfr
Gi(s) =
Fl‘ = —_ T . ) “
0 -1 1 0 - 4.05 5.39 6.88 582 7
S 50s + 1 50s + 1 50s + 1 50s + 1
| 0 0 —11 | 1.77e~27s 2.49 2.88¢18s 5.88
1o 0 60s+1  30s+1  40s+1  50s+1
0 0 0 0
Lo |02 3.57 6.91 2.09 4.23 ’
’ S 5(205 +1) s(40s+1) s(55s+1) s(22s+1)
0. 0 N 0 0 0 0
- ) 5.88 5.72 2.54 2.38
=] 2, >, N S ) Y
/MG T AH T SRANR KT 6 BBt T RE A 1) | s(50s+ 1) s(60s+1) s(27s+1) s(19s+1) |
= — vl
/N e G (s) =
l 2 g =Y @5 [ 588 7.82 5.88 488 7
p/2mt? 30s+1 60s+1 50s+1  20s+1
Fh N TR 4.88 4.83 5.38 6.29
i — (T, -1 5Ty, 40s 41 50s +1 405 41 155 +1
0; = (2] &+ pll) = &} Y. (26) 7.91 5.5 3.58 4.28
35 HSVD BBESHM TR N _RE 19s+1  44s+1  55s+1  3bs+1
b; 8.53 2.38e1%¢ 4.26 4.85 ’
— - sf o o J - N =
ek, 1 [ 212 HEAT SVD I3 fif, A5 1 s(505 + 1) s(19s 1+ 1) s(22s+1) s(30s + 1)
51 . 4.23 7.62 5.88 7.53
& _V 15s+1 60s + 1 255 +1 60s + 1
I =qQ:| ' |R; 8.26 2.54 4.56 8.36
1/2y1/2 J 0 7
I I | 5(60s+1) s(27s+1) s(20s+1) s(22s+1) |
HoA v, xt A e A 5 07 B 78 5K (25) P 12 #R A R [ 0 0 718 ]
T 455 555 + 1
J 7.15
Vi ) Y; 0 0 0
PR = | T Q@D ) = 40s +1
0 Yja W)= 442 4.23 6.24 4.26 ’
Hr 15s+1 19s+1 34s+1 34s+1
1
Y; Y; 0 0 0
Q;'F Oj = Y] ' L 5(bbs +1) |
= 3,2 \ - 3.18 7.35 4.28
TEf /M (24) U= ST, 1535/ 3y Gil(s) = 325+ 1 26s+1 3ds+1 _
6, = RTV 'Y 1. (28) @ 5.28 7.35 1.35
L28s+1 19s+1 20s+1

T V0 A0 AR 5 e, FEA R T B 2 5 R
.
3.6 BRAMERHMIER
l
Xt F R BE AR, hyy = S Ay, 435
I'=1
i IV ELJR, BERIOE 2K (U DAL T2, LA — B
SR a9, (BRI B 5

hji,lv =1
- (29)
ahji,l + (1 — Cv)hji,lfl, > 1;
l
Sjig = Z hji. (30)

I'=1

4 FHREBIFR
M 7. AP B R A A B (MIV) R 745 & (FF).

8.53 4.65 2.65
s(50s+1) 40s+1 s(30s+1)
4.59 726  7.53e72% |
s(26s+1) 50s+1 s(50s+1)
Gi(s) =
6.54 4.28 9.26 5.84
40s+1 26s+1 50s+1 s(26s+1)
536 7.53e"%%  9.26 4.26
20s+1 50s+1 26s+1 s(60s+1)

FL2. 46 NMHAEEEZE 1 ~8/1 MV Z A fEEF)
BRAR, HISHMINHALEER S~ 8MMV ZIHAF
TEENA KRR, 7.8 M 10N HAZE S5 8 MMV Z[H]
GEENEZRR. HTRER R, RFMFFE 104
DV 52N FF Z [AJ#fEEE B A R R, — 35 3 AT
HHH. RGE 4. 6 F1 10 MR AR B R AR &



11 4 TEL % BaNIEF 69 A KU Kok AR A 357 2035

MV MRS SOKIE) L 3E e 75 (GBN) 5 HSER AR 4.
SUOL SR IRAT IR, 45 2 GBNAS 5 I i % A BRI S N = 90, P R a,; = auj =
110, EE 9 1, I A8 @ MRIERE) HAMK  ay; = VAP T p = 5, A SCHIPHR S5 2IH
ff) GBN {5 5, B AL = 3000. FEHU 2 90.25 BRI 8 254, 3 4B B 0 2 f 2 20 31 21 ) 1 ~ [ 3
e B R AL R ECRFER R T, = 4. @it 7, " unpenal. penal fllreal 77 Hl K /R p = 0. p =
Matlab Simulink BERFE G 07 AR BT B RAN 5 I OPHRLE BB S ih 4.

i Y2 Ya Ve
5 , 2 2000 ‘ 2000
< ﬁ__ 0_/’__ 1000_,,,_,,:,,,,,,, 1000 F- - - -
0 : -2 . 0 ? 0
0 50 100 0 50 100 0 50 100 0 50 100
10 4 4000 2000

— unpenal —— penal - - real

1 1EYPHALER



2036

5

* R % 31 %

Vs Vs Yo

0
100 0

— unpenal -— penal - - real

2 FE2HEIHRAGER

Yo
2000

1000

50

50

50 100

— unpenal - - real

B3 SFEI3EPHALER

—— penal

5 4 #®

ARSCHIEFE T A5 PR B AR (MR S, 1%
DAL, FFRABI TSR . 5063
R L, A% SC A A s T R A A 43 75 R A B
— AT ST P8 B K A R O, R IS S TR S
TR TERS . FAZSHY 28 O A0 AT 3R T MRS DL
5 2 A 2 0 Ak TR R S A LU A S rh ot — 28

.

2 Z 3k (References)

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

(10]

Maciejowski J M. Predictive control with constraints[M].
Upper Saddle River: Prentice Hall, 2002: 1-352.

Qin S J, Badgwell T A. A survey of industrial model
predictive control technology[J]. Control Engineering
Practice, 2003, 11(7): 733-764.

JHE A PE. TN A M. Bt [ B Tk Rk, 1993:
1-211.

(Xi'Y G. Predictive control[M]. Beijing: National Defence
Press, 1993: 1-211.)

JE A B, TS M. 58 2 AR JE AT BB Tl H AL,
2013: 1-287.

(Xi'Y G. Predictive control[M]. 2nd ed. Beijing: National
Defence Press, 1993: 1-287.)

Ljung L, Yuan Z D. Asymptotic properties of blacke-
box identification of transfer functions[J]. IEEE Trans on
Autmatic Control, 1985, 30(6): 514-530.

Ricker N L. The use of biased least-squares estimators
for parameters in discrete-time pulse-response models[J].
Industrial & Engineering Chemistry Research, 1988, 27(2):
343-350.

Wise B M, Ricker N L. Identification of finite impulse
response models with continuum regression[J]. J of
Chemometrics, 1993, 7(1): 1-14.

LI, TS BT B A A PR O S R T 4%
i AR B AR ok T 22 (0], E Bk S, 2015, 41(11): 1857-
1866.

(Li S Q, Ding B C. An overall solution to double-
layered model predictive control based on dynamic matrix
control[J]. Acta Automatica Sinica, 2015, 41(11): 1857-
1866.)

Dayal B S, MacGregor J F. Identification of finite impulse
Methods and robustness issues[J].

1996,

response models:
Industrial & Engineering Chemistry Research,
35(11): 4078-4090.

Zhu Y C. Multivariable system identification for process
control[M]. Amsterdam: Elsevier Science & Technology
Books, 2001: 31-64.

TS TR



