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Historical data driven identification for multivariable systems based on
state observation and teaching-learning-based optimization algorithm
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Abstract: The conventional multivariable system identification method based on the combination of intelligent algo-
rithms and historical data selects historical data, which represent the system from steady-state to dynamic-state, as model-
ing data. When the modeling data contain unknown disturbance, this method cannot establish the correct system model.
Therefore, a historical data driven identification method for multivariable systems based on state observation and teaching-
learning-based optimization algorithm is proposed. In this method, historical data representing the system changing from
dynamic-state to steady-state are treated as modeling data. The steady-state component is removed based on final steady-
state value. Then the data are divided into two segments. The system status at the end of the first segment is obtained by
means of state observer and prediction model, then it serves as the initial system status of the second segment. Input data
of the second segment and the prediction model are employed to simulate the system. And in order to make the simula-
tion output close to the actual output, teaching-learning-based optimization algorithm is adopted to optimize the prediction
model parameters. In the modeling simulation of a multivariable system, the result shows that the method can overcome the
disturbance effect on the precision of model identification. Finally, the coordinated control system modeling of a thermal
power unit is carried out, and simulation results show the method effectiveness.

Key words: disturbance; state observer; teaching-learning-based optimization algorithm; multivariable systems; histor-
ical data driven; identification
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A 1) 5/ Z e R BV AR B, AR B R ORFEAIC.
BN BRI T — M Z 4\ 2 %t (multiple input
multiple output, MIMO) & 1% SR 25 25 [ A Y 1) 5
HHOIIER TV, I R T — P g
SN IER F 2PN, GunesZEPIFE H —Fp T3k
0] T ) AR ST A R A, i)
LGSR U I PR 25 MRk, @ T2 E R
Guisi . UL R AR AR S AR N e T
fith b, XG50 — & ER, & EX RG AT
FOlLe, —RANEH TR A A

TE RSB AT I P SR E v, At 1R S g
P RAERL IR 5 ZH0ME S, Wfar R X 6 g s 4
Fxt 2 KRG HAT IR PR C RN 2R RS
W TR AT SRR ) I s AT
A /N — ISRk, L AR S S E LAY, (R
AL R G N R MG, X T RS
SHRFPE R IR AN GE HER. ArslanZ5 B8 AN 428 k¥
LEIITIE, AR T XA WL B G bR KR FRt T 22
LAY BN AR S5 OVt T Bl A i B TR 25 ML A R e e
BEAT T SR A UL, Laurain S5O 5L T A Bh AR
ERE T TR S B D e SCHFF I EALT, 3R T
— PP L F G B A R N ISR IR B LR
Hk AR BRI R T AES RO, R PR, N
Ra RiR.

R IR e, N T R Seiad T e,
R G EAT A% 366 R B R 1) D7 VAR AR tH O SCRR (11,
P.74—81), y Tk R G s S H2 it 1 ofr k. s tHod
SEU2ISI R FH 8 REATC A0 S 0t Wb U 42 1) 2R G 3t pR 4
AR ZHOHAT 7 0. #HEERE MR H 521000 MWL
A RIS AT E RS WL R o i R G AT T
B, DA B D78 F 2 48 e Aa 2 3 3has i A gt gk
AT P SRR @A, T T RGBS AR, R
G AR BB SRS R A R AN S B, B
SR I3 SR R A T R, (AL S ik A
NS E] 2R 0 G AR, FHASE RAER.

BT DL B TR, AR — Bl RS I 5 4
FRAEIEN 22 8 RGP L AR IR HER T, IF
PA=H N8 RGACNEIAT T HRRTTENH, %
TR HRREAE 73 P B, — B RGATIRA
PRER, o — BRI R PPN A B HETR AR BE, FR4H LR
PSR U SO AT TR, NN RS,
G390 L FH AR S5 55 R SR AR R T, WAEAE
AN =S RGHAT IR H, 85 RERW 7%t
WU VE L. B 52600 MW K HEATLAL B 42 il
RGP s AT B AT AR I7 1 A R,
S5 BB WNZH RV RES B B K L R G R

2 HEMRAHE N D (ntroduction of

teaching-learning-based optimization algori-

thm)

FERAL BRI — R SLAL) BT B S AR 1 HT
TR ReARAL B35, 2R MR (R PR, 25 T
AEFEFOR A, &N AR ARG, SRR T
VERZIM, BAA S50 WSIEE T8 SRIFE LR K
JE AL
21 B E X (Definition of teaching-

learning-based optimization algorithm)

A VLR BARE T

1) R R TRRAS = {X |2t <,
<azP,i=1,2,-- ,d}, &R AR E
BN, i My 73 ml vk —4ER) LSRR 5

2) HWRA: XI = (2], 2}, , 2l NIRRT
=, i = 1,2, NP, NPAZRE S
(AN B O RERLRR); ) A 1 X R — AN peskiAs &, o
=1,2,---,d.

3) g BRI T R A TR PELL.

4) R PR A EXT = (2], 25, 2
WRZ =

5) HM: BEGLH G IR T ) 5 51 X et PR L AR
Jill, F X teacher Z7N.

AR RS A

X f(ah) vy wy - x| fXT)
X2 | f(@?) xi @y e oxg | f(XP)
XV @) ] ey ey 2 (XN

(1)
Horp: XORTRIEH D, Xioacher = argmax(f(X7)),
Hrpj=1,2,--- | NP; NPRN¥RAE A 5T
FRH .
2.2 FEU AL B VL Ui FE (Teaching-learning-based
optimization algorithm flow)

1) “H Brix.

PER AR 51 X9 R Xiacher M5 52 FIME
MeanZ [H] )22 4727 2]

BARRZeE 7RI (2)-(3):

X! = X!, + Difference, 2)

Difference = 7; - (Xieacher — TF; - Mean),  (3)
KL X0 RIX 4 B A2 52 S R ]

JE I Mean e B 2 ST A1, HOER FTF,
round[1 + rand(0, 1)}, =2 Kr; = rand(0, 1).

2) “%z,” B}/I\EX-L
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S ANER X i =1,2,- - NP, {fE8E
PN LIEE — NI R X7, Hbj=1,2,--. | NP,
Hyj # 4, XUl /b B O 0 X9 02 5475 2
R, < kR =@ Fos:

Xiow =

X +ri- (X' = XV), f(X7) < f(X7),

Xia +ri- (X7 = X7), f(XT) < f(XY),
HHr; = rand(0, 1) RN R (5 2]
HK).

3) R fHHT.

SRAEGRE CH BYBORD “27 T BAR B AT R
BHERAE, RS JEAMEXE TR R X,
U, WA XL, B3 X0 s B0, REF X A,

3 HHR VLT (Identification method design)

LG5 10 7 S B R R R 7 vk, SRR I &
BN P s, R KRGS
BB AS T FR R AR B, AF R A6 50R,; A
Je 0 BT e A AT B AR A s B DB S, AT R T
FaSWME I LR B, £ 5 HRAE 200 FoA S
LIAREE AL ) 25 0 T X S CRE S RS 28 2 B0
I REAR A SR B O P B S U R A 1 B
i 55 S PR A R LA, e SRR AR A 2
. AR T RGN FAS T RS SRR P A
Bl A mT I FIPLBh R 25, BRI R G4 H 78 52 2SR B4
AN B0, RGN i B S s SR
(AN B A HERA 0T DR &R, (R T i R 7 VA B A 5 A
AN—E .

— BB, PLah LG ) RGBS i B FE R
D) B Z( RS T EEREITEA R H
B 2) TESRENTER T, RS kAR, iR 4
RS A R s i B 3) BRI X RS T
ARG ; 4) P ARz i 22 Ak S T i ds
St —B G, REGUERIRFRE. Bk, 35T
NN, RGEHSERIERER G, & i1
AFE, RGBS N A2 R i A T
XF GAET P AR ), TEZ B B KRR AN S
W d2 0 AR 2 (B AFAE 3G IERAIN N % &R, i 550 B
RS RGUReE, FTULH T RAMBIR R,

BT UL o #r, 3 T 2T ARSI 5 ek
HIE N 255 R h AR IR SRR . T2
BRGNS, — TR E S NN 2N
ARG, NFERTTE, fELL IR U Z N RS
IR AT AT A 4.

3.1 # iR 5 ¥ iR (Overview of identification
method)
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Fig. 1 Sketch map of the selection and segmentation of

multivariate system historical data

R

1) RGN | it B B RS2 Rl s
& B, RO EEE Blac, Xz BAWR TR TR & TR
BEMERS DB, FHR 0 M BL AR EdE
Brab- i Btbe. i Braby 52 4050 25 Wi 52 (1435 43 4
¥, RSBV EdE BLbe;

2) ARFEFG AL BT HIRAES WIS, N K Blab
Xt IV 2 g N i S PR RAS WLIN %, X oAt &
GUIRZSREAT U

3) R4 FT AR S 9 Edls BLbext B 2 4t
PIZS, NLAIECHE BLbekt B R Sef N5 TR 2
AR GHAT VIR

4) JEROL R34 B 5 R ST S b H R 22
FRI~F-J5 RO DA A i T A L AR E 11 H s b K, T
BRSPS R S H o T iz s, R
L) FILIRA), BRI RBOE R HONE. iR
HRAUBAL, SE LR

SRR, PG S HOE I, BT ER 1B
Hefs MMDAL ) 2 GRS B HER, ELAE S 2 B 1)
AL ISR I AR ) b bR BB R /N, AT ERAG T AR R
IR AR 2, SCILE RSN 5 A AU ik
(K122 A2 R G0 P SLAUHIE SR BN R A2 AR IR
F2H75.

i E AU 5 R G 7 SE A AR &
gt th 2h A I BURSAS At BURS, RIVRT AR FH 2059
BEATRIARHER, 5 28 Boh sl 5 5 K atsh
I EAREFIETE SR, X2 T 5120 R 7 200 N 2 A
B L B0 3K, SRIIE TR Tk Bl Boh, RGiIh
HA T AT E MRHLE, Ptshi@ T AR E R
A WPRFIEFFAE SR AR AL, By DAz R SRRt
RGN BARRFL I ™A% 2R, 546, 128807
E, bR EUEIR B — R AL, AR AN
HEHL, MORIED R 2 HTHRIZE 2, RGePish il T4
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FasE, AR IR LI &5 A 206 1 B REXT oAk 2R 4t
WESHEATHER b, RN bR 25 XA 2B 2K RS
BN S F RN R G xh TR 20 B
i B Ao (R A B RIS TR OB E, 5 AR X R 50

AHEME, AT ANOERL, R B, 68 RO E, %
WHrRiRERZ, k2 BD.
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Fig. 2 Flow chart of model identification

32 ZZERGRE WM K ¥t (Design of

state observer for multivariable systems)

PP RGBS, WE3FR.

u
1 G1
+
U, + Yy
— G O
+
U,
e BN GJ

K3 =H ket R
Fig. 3 Block diagram of three-inputs and single-output system

B ug, ug, us RN RGN yRoms R 400
G, G, Gz N T RGUEH R 25T REGUKHE
P A% 3% e BB T 2544, AR 1.

21 3 BZAREF VLR
Table 1 The transfer function of each subsystem of
multivariable system

FRS RIS

Gi(s)  (bio +bi1s+bias?)/(aio + arrs + s2)
GQ(S) (bg() + bo1s + b2252)/(a20 + ag215 + 82)
Gg(s) (b30 + b31s + b3232)/(a30 + az1s + 82)

WA, 1% AR GRS 2 8 ik 5T R K (5)
A= (6)!10:

X = AX + BU,

®)
y=CX+ DU, (6)
o
X = [z11 712 T21 22 T31 T3],
U=[u uz U3]T7
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(0 —ap 0 0 0 0 ] A RAS IR AL B G 34N T R H.
I =an 0 0 0 O 3.3  RGUREAL T (System state estimation)

A= |0 00 man 00 FHT AR B AT T 60, 4 T BT 5 2
0 0 1 —axn 0 0 R —, B ToRA LI 2 G5 M s B E s V-
00 0 0 0 —as F3 2 0, R 25 U8 58 00 S0 7 4R 25 24,

000 0 1 —as] IRAS T332 30 e R Gt Fek Rz (14)~(15)
bio—bi2a10 0 0 1 FT7s:
b11—bi2a11 0 0 X = AX + BU +G(y — 1), (14)
B= 0 b20—baaazo 0 : §=CX + DU, (15)
0 ba1 —ba2asy 0 .
0 0 bso — b32as0 Hp: X = [#11 Z12 @21 @02 &31 232" AMALK
0 0 by1 bz | AT, g R G

C=010101],
D = [bi2 bz b32].
(7)
ADF: X WRERE, UARGTN, ARR
SHEE, BN E, C % AR, DNECEEAE
.
X6 2 G5 BE TR A A 2 161 SR A WA [ A
G, =@ Fx:

G=1g91 92 93 94 95 96) " (8)
A 2 88 AL 2 T Pan=X9) s
— ST — A+GC]. ©)

BRI 2R GE AR AR R (10) BT
F=]-a1 —as —a3 —agy —as —agl. (10)
23T WL DN A s B BRI 22 T, (LD B
IR
(s+a1)(s+a2)(s+as)(s+aq)(s+as)(s+ag)=
a0+ a1 s+ s’ + ass®+ aus* + as s+ 5. (11)

5 A C B R BSERE, W15 PRI R G4y
fEZ T (12) frn:

ST — A+ GC| =
Bo+ Brs+ Bas*+ B3s®+ Bast+ Bss”+ 50, (12)

A, IER D S5RA2) W REBHIZE R R, 7 f5n
MRETTREaNR(13) s

Bo = ao,
B = az,
B2 = ag, (13)
B3 = as,
B1 = au,
Bs = as,

P Fd AR 2OIRAS R B 0] R H Z 0 R 728, W
e R n=t16) frw:
fll(k + 1) =
icll(k)—i— Ts(—aioz12(k)+

g1(y(k) — 4(k))),

x12(1€ + 1) =
Z12(k) + Ty(—anzi2(k) + T11(k)+
(511 - b12a11)ul(k’)) + 92(y(k) — 9(k)),

(b1o—bi2a10)u1 (k)+

+ (b2o—bazagg)ua(k)+

k) ( azol32(k)+
k))),

(b3g—bs2asg)usz(k)+

aglxgg(k) + l’31(k)+
(b31 — b32a31)U3(/€) + g6(y(k) — 9(k))),
glk+1)=

T12(k + 1) + Zoa(k + 1) + 232(k + 1)+
bioui (k) + baoua (k) + baus(k),

K (16)
H T RIS 8] [R] B

K W 2 B bl s BC BT 1 1A I B R b L
Ak, WL F G0 %] i (A RE T R B, BT AR
% 2 I v g, BY e VRIRASAS THI R 2 i
TE T BERNE, RIS A w5 T B B R A
Ab.
3.4 FEARIFEH(Model identification)

7 FH DR A A0 2% L0 e 45 b A IR A T =X (17) Pl
NG
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211(b), £12(b), Z21 (D), T22(b), T31(D), T32(b).
(17)
PRI AT A3 DAL IRZSAE N be BEEHE X N1 R Siv)
IR, WA be BB RIS 7T Rom A (18)
Fs:

2p11(0) = Z11(D), Tp12(0) = L12(b),
Tp21(0) = Z11(D), Tp22(0) = T22(b),
131(0) = 211(D), Tp32(0) = Z32(b),

(18)

PLb &b 3T Bl B G AL B, R S5 B BT
N 19 Fo:
(Zp11(k 4+ 1) = @11 (k) + Ts(—ar0dpbi2(k)+
(b1o — b12a10)u1(k)),
Tp12(k + 1) = Tp12(k) + Ts(—anzpi2(k)+
Zp11(k) + (b1 — biza11)ui(k)),
.fbgl(k + 1) = .C%bgl (k) + TS(—CLQ().C@bQQ(k)-i—
(b2o — bazago)uz(k)),
Tpoo(k + 1) = Tpaa(k) + Ts(—a21Zpoa(k)+
Zp21(k) + (b21 — bazagy)uz(k)),
Zu31(k + 1) = Zpz1(k) + Ts(—azodsa(k)+
(bso — b32aszo0)us(k)),
Tp32(k + 1) = Tpz2(k) + Ts(—az12p32(k)+
Zp31(k) + (b1 — bs2az1)us(k)),
Up(k+1) = Zpia(k + 1) + Tpoe(k + 1)+
Trz2(k + 1) + bigua (k)+
\ bagua (k) + bsaus (k).

(19)

N2 3 (19) P B UG RE, X R G AT Ui 5, i
SRLNGE I PR35 I8 5 R (EL, BTk A e i in =X 20) i

TN
Q= .21@(1') — (1) (20)
J:

HARFIL R
1) HeA SRR A TSR S ()i

TR, E TR 4 e IR AR SR R
e F, N 82,27 T ik 5 i, o 5 512 H 2800
LRSI HERE G

2) N PG AR A RS IR RS G Hidfs Bab
XF R B Ge N 5 552,37 TR Tk D7 A oAk
HIRGURE;

3) REWLAR S AE b B I R GEHIAS, IR
PEHAE BLb XS B 2 GESE PR AN S TSR,
B 2.4 ITEN RGEAT TR, THE H bR R H (5
RS, R AT ) S L 2 (),

4) B FRERL T (U A IR S AR AT

“H 5 T )

5) EEIRDES), HEMEHLS

N DA W 2, AR EE TR G 3T P s 3
228 RGEHHRITIE, ARG 17 IRES
AT R ) T AT S5 PGS A Y, X AT
FEF ISR, W EIFHAR, FrUALE T
{RUR P/ SUDN D aC ATiE N
4 HRUIFERPTE T (Analysis of identifi-

cation simulation process)

NHEAZHFRINERHER R, i B &3 FrR
XRMEATOIR, BT IZARRTT 0 KGRI A
TR IR ESKR, AR FOE FE TP Z1, 72 R Geth LAk
Il B E A BT R B), 18 FAEE 0 R
By NS D S Rl P R D S R
FAASOPEIATHRER, Fxr a5 Rt T 4.
4.1 PEX R R G 45 # (System structure of the

controlled plant)

P Azt R a5 40 5 B3PS RGAH I, fE1Z R
geth SR I (n RANER s AL Y F AR T
’%%@Utﬂ (1), A2 G PR AR RT3 R 3 A Y

Z5H, NIRIE R GEIARE, AL T B IR T o B
B, — MetE LR, AN A R i D A T R,
PR PR A 5 A P sl il TE AR AU SIS
i HE R RE IR, AT SR 2 .

k2 3RERGMALK

Table 2 Model parameters of each subsystem of multivariable system

TRE Mk ag ay bo by b2
G1(s) 2 2.0000 x 107 3.0000 x 1072 1.0000 x 10~ 5.0000 x 1073 0
Go(s) 2 1.2000 x 107°  7.0000 x 1072 2.0000 x 10~*  6.0000 x 1073 0
G3(s) 2 4.2000 x 107°  1.3000 x 1072 3.0000 x 10~*  7.0000 x 1073 0
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Table 3 The input signals of each subsystem of
the multi variable system

TARGHN ik
u1 3sin(0.005 x t + 1)
ug 2sin(0.008 x t + 2)
us 5sin(0.01 x ¢ + 3)

MaE S MahimiE 5 ERAEH T R ek,

HIBhmE A% R Hin D) Prs:

Gals) = 0.02 '

0.02+s
4.2 W T RFEHHH(System identification
under disturbance)

X RGNS I L A ¢ = 1IN R RS

H FWIIIRESTFLE 01 B, NG 5 IR, 7E¢

= 401 i, IIAd = 50K ER P50, 7E¢ = 3000 s,

RGN HWMANRFFAZ, 75 2G50 G, 7l iR

S5, 12 AR TP IR 2AE B N S i O A 40 dB

e B e RS 18 Seug, e, us, yME. BB K A
1s, DL I A 10000 s, 17 B 2R a4 .

21

M e w
o 2

e ——

1 1 1 1
0 2000 4000 6000 8000 10000
t/s

MR w

—20

0 20‘00 4(;00 6600 8600 10000
t/s
Kl 4 i8R N £

Fig. 4 Input and output curves of the simulation system

R 12 LR (14 B S A R 1 i da R,

X HE AT AR IE B, XTI ZH0N10, D9 ELEAR 3L
Jrik5 E I SRR R AR T I a1 s Ak e
73, WRIT IR, W Bl AT 2 T a AR S E %
FaAS I RACEE, MASCONEBATH T RSB E %
Fasor BACEE, A5 IR Hh 2 a5 .

4F —
[
o ‘u
]
51 ]
oy f{rt+t------------- -
-2r — WM
- - = IRES AL
74 Il Il Il Il
0 2000 4000 6000 8000 10000
t/s
4
O L L1 L 4
— H |
- - =R
,4 Il Il Il Il
0 2000 4000 6000 8000 10000
t/s
10
Y AW A W A [ e ——
— W
- == IRES AL
— Il Il Il
0 2000 4000 6000 8000 10000
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>
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Il
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5 LAy a2k
Fig. 5 Input and output curves after removing steady-state

component of the data

BT B ik BRI, o S L FH R T S A R
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BB N A BN PoN100, 22 R d N4, 15385
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HUN100, % F Y ag, aq, bo, by FHTEEIN(-1,1).
5 B8 505 H9: Quuin = jg e2dt. T A7 vk
= PEHOLIN R G R Uk (22) BT
F =[-0.007 —0.007 —0.007 —0.007
—0.007 — 0.007]. (22)

ARSWIEBOAN200048 . WA, LHEAARAL S
GBI RR TR S A SRR TR
gERINFRA-S AR,

1 BRI AT AR R R T B,
BRZSRIUN RIRE TR, 7E 0 PRI 5 KO AR 25 ) B2 By
iiEZ S

4 B TRENNG % T 20 LHIRBIEFHHHRLER
Table 4 Results of historical data driven identification for the multivariable system based on state observation

TRG Mk ag bo by

G1(s) 2 20001 x107% 3.0002x 1073 1.0001 x 10~*  5.0002 x 1073
Ga(s) 2 1.2003x 107°  7.0003 x 1072 2.0001 x 10~*  6.0004 x 1073
Gs(s) 2 4.2007 x 107 1.3005 x 1072 3.0004 x 10~*  7.0001 x 1073

k5 FAM LHAEIRF HHIRLER
Table 5 Results of Conventional historical data driven identification for the multivariable system

TRE Wik ag bo by

G1(s) 2 1.2301x107% 24244 x107*  3.0525 x 107%  1.7592 x 10~*
Ga(s) 2 3.3492x107° 22953 x 1071 2.8854 x 107 1.2876 x 107*
Gs3(s) 2 33192x107°  6.7322x 1073 4.6051 x 10~ 8.0097 x 107°

HRHER S A SCHRRIT IR HRR A R i 2 an 6

FIR.
S FARATI B R JEB B

— JR Al |

-20% L
S ¥ HHR
,40 1 1 1 L
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Fig. 6 Identification curves of the two methods

4.3 fiEE R M1 (Simulation result analysis)
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Fig. 7 Structure diagram of the controlled object of power
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Table 6 Model structure of power controlled object
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Fig. 10 Curves of historical data for model validation

D R AR B 0SB B0 LR I R PR 20, 73R H e
R IR P07 B 59k, BRER D E5 N 150025, HE R B
PSR Ay -5 st ) 2R &I 1.



1378 7w oo 5 MM 34 %
250 K9 R IR R APAAER
200 . Table 9 Identified models of pressure control system
= 150 . TRG TR
=
@ 100 . Gpm(s)  —0.0128/(413.2292s + 1)2
N 5 | Gpc(s)  0.0542/(481.3746s + 1)2
0 I EHIIEIE 2 U F 147775
- 0 1 1 1 1 1 40
0 2000 4000 6000 8000 10000 12000 35
t/s 3.0 .
B 11 DRz R Gui Ao h 2k & 25 ]
Fig. 11 Model checking curves of the power control system _E 2.0 ]
1.5 .
]ﬁ

i 2 R G R 5 Th &A% ) R G
RERD, etz REsan B 120R. B POy 78
VRS, TR U2 BN 8 .

M + P t
GPM O

+

Gye

B 12 Bt Ras HIHE ]

Fig. 12 Structure block diagram of the controlled object in

pressure control system
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6 Z5i(Conclusions)
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