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P — T B ds B 3 1) 1 25 1] J7 ¥ (data-driven subspace,

DDS) P &A= 7= T (W BEdRTH FE. 9 T HEMA R IR 1% 100 8, ASCA 140 BT T B8 5T FEFH [RDBC R 4F a5, DASE A% [
o N TRV BRI SRR 7%, R SEBR Az = R R AE-EAT T 0 #. D T3S T HERf 2, ST BN T RS R R
Tot s R ke gk - S 1) v, DR R LR R FH kL 1 BB 7 (particle swarm optimization, PSO)AEAK. X 5B A4 7= 4L
P IR IGAE T AR ST T4 (1 75 v DA 0, .45 SR BE A8 S ANk A I 1 BEVR TILll AN 45 BESR (A RU W W SR 3 e,
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Abstract: Using the production and energy system in Iron and Steel industry as the research background, we propose a data-driven
subspace (DDS) method for predicting the energy consumption of production operations. The characteristics of energy consumption

and regeneration are fully investigated to find the crucial factors for building the model. The features of practical conditions and data

are analyzed in designing the efficient solving method. The subspace method is improved by introducing the feedback factor and the
forgetting factor, values of which are optimized by particle swarm optimization (PSO) algorithm in order to improve the prediction
accuracy. The performance of the improved method is demonstrated by experimental tests using the practical data, which provide

beneficial results in energy prediction and management.
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1 5|% (Introduction)

AETRE ILAR Tk FE A, AE e PF RR sl am 2h 1 K
AT A RERE AT BT, — R REUs A — IR B 40 1hI
I ORI 75 SR K AR S 1 =y REFE Tz —,
DA B Al 1T BEJR T HE 1 4 [ EFE B 1 10% LA
i HLE AR AT MY B ZE A RE A T A e
IKF, BEVR A ALK 230%. AWk Ak 7E 5 74 #E
(RF U R YR B R 2 (LRI FE o B
77~ ZEVREE20 LR BEYR AT D)« THAER K. BEE Rl
B 10 1k, BEVE A AR A P2 AR o A AR
. FERF SRR BV In) U, H T2 R R T AR
FErPAEBE AR O IR BRI, I H A5 AR A O,
ANRGARAF A%, BN T v 50 P A . G ek St o

WeAe H H: 2012—02—29; f& ciekis H #: 2012—06—14.

PIHEAR T B, T REVR 75 K (1) & AL A mf (1 4k o1,
S PR R UR BN, 2 ST AE AR I — 20 PRI
AR PR AR N BT B —, Rk A ML 3 5 1T 3
S 7 P A R 4 5 A R AR B K ()
IR

2 A IR K SCHR 53 (Problem description

and literature review)

2.1 |98 3& (Problem description)

RV VS FE I FEALBE S 2, HO% A 1 (RS2,
BEREFE T AL TG TN 20 B 15 SR RE R T4 FEFEA
BT ) BEAT ERAR, SR 5 B AR SR AR T,
KT X HH P AR BE 5 T FE RN (R B0 AT T

FEIUH: [H K A AR 2 G T LB B I H (71032004); 7T #HE A RHITE 55 2% %% D) 35 H (N100304012, N090104002, N100704002); [H 5

“1117 B BhI0 H (B08O15).
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TSR R 43 A ) VR AE (R KR AR Y, 0 A
X G ) RS FE AR AT 4 110 20 B LA tH IE A 1)
NS AR Loan, SN AT B REYE TS FE,
IR SN AT 3L VA ER R SR 1) LU A5 56 (2 355 )
REUERRLIY FE I PR 28 A ST FE 0 S ik T
PR (blast furnace gas, BFG) & A= & Tl LA Az #4
FLr= £ 10 RS FE T
2.2 XHRZER (Literature review)
HTRRERZEEAZNI. £ 17 el
FRNAE LM ()R a5, ANEE 7 S0 s ok i ST HE A 1)
BLIRARE R, DR bt v A FEE (%) A Tl — 2 e A 2

W, T T A HLER A Vg T AR R R
2 SR ) L. LinB5RUR FH I 0] 3 203 R <
FEE AN & A B AT 0N, I 38 ik R e ek #E T []
ARELD Qeeri = RV A N K] i s St EIEER 7N
AW 28 7%, K F N TR) P 20 7 AR s A 2k Al iy
FPOE R A S Y S IO P R R ) e A R S
Mk [41°R FIMATLAB 7 V5 50 1 A0 2k A b (1) BE IR
TR 1) 8L, A R A D% 1% n) @ R AIF 575 S5 (1) VR 4N 4
. SCHR 51T T a5 A% 7% (genetic algorith, GA)F
Jii I A% & (back propagation, BP) M 2% 1R & 512, &
NP HEIRER) A I R R IO 3G AIE TR & BRI
B

H T, 2% T8Nk A b BE Y5 TI0I () A 5 AH A D,
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s ZRERRIEN RN E R R G NI TP alias)
£ BENS BEVS Y AEHEA T 0 I ELO Fi0 25 SR 84T 40
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(Y2 N 41 5 1 2 ) R B ke 5 b A K i H A%
(R FIEI, DRI, 1253 e R 1 A% 498 5 32 0] AR T A4t
PE.

N T B A ) SV R P BB, Goethals55 714 HY
T —FRt 2 d N £ i JH R 48 (Hammerstein sys-
tems) 1 HF IR 575, %07 15K B/ 3 SO HF ) i
Hl(least squares support vector machines, LS—-SVM) [H]
VARARE R 2 v A 5 ) e /> — K v )
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TR T VRS T — AN EE DK ) 0 4 SR, I Y
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3  DDSH St 5% (The improving strategy of

DDS)
3.1 ZSE AT S Ui B (Notations)
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3.2 DDSH &/ (DDS algorithm introduction)

2 A B PR IR A — R (R B, JE A
FH R i Y. 22 B0 % I Hankel 55 B R H R S0 FR 2
2% [AIABE BT gy - T 5 4 o 12 652 HE SR E, AT
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FEUMIFAEL REYSUTH AE TR0 1) L. e P Bk A
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, SV BE SV AE B R 3R 450 7 e A, L g
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AR A i S A 1K K 0 SR s ) T S
I ] 2 T i) ) 1 e AE DL R TR, 1 o
K B 7 Sy I R R0 R A, T A O AR A
I K VI 25 559245 B Hanke R B, J5 & R RS 30 55072
R FREI RS FEE.

3.3 DDSH % #t % & (The improving strategy of
DDS)

e (8] T VA TR FLIEA D BROR Ak ) R, 1
X ANTR] B ) 3 B AN ] F0) 1 .t ed s 36, 28
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Vi = L W, + L,U; + F. (10) ANy a2y M unsss

A% S A PR B AR A S B A A QN2 PNy Ny
T HAEAT T, 7 4 B0 T8 15 52 B3 4] 1 : : :
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5\ Usest Yo JTT TR,
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HB1 WU, U, Uain, Usest MY, Ye, Yirain
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M Ly;
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4 SE5 45 B (Experimental results)

A S ) SV AE I B MInter(R) Core(TM) 2
Duo CPU (2.33GHz) CPU HL i I FC++i5 5 4 F2
SO, BEAE R 45 Windows XP. 5256 A0 B 1 5- 1 Y
KTV A 1 S B B

H T AUE AT AR e, BeTh T AN
B0 MR T I R R AR B T R AL TR )
H1 Y RETIOI. Wl w7, e R gevt T R B4k 7
AT AR T AL T 1 52 B BHts, DASRAS A 1) 4
T VREAS K. B 48 IR 2 A A 26 B T 1
(RS E AR, A TR 2 A B0 00 35 ] fig
B BRI A5 S o R P R S SR

1) HEINREBIHEFH,
2) BN 7 R s s BT
h T WA et SR M e, SEG R 5 RE T 3R T

x:

F 2 ) RO A R 372 ) R R L,

FHU i I Hankel 5 B4 11 552 H )1 25 15 7

Uy et FIHankel 25 B S0 20(14) 1) 4

SDDS(standard version of data-driven based sub-
space algorithm): FRifE M 21K B IR 3h 7% [F) 5%

DDSF(data-driven based subspace algorithm with
feedback factor): 7 J 15t PR 1~ (19 25 3 B Bl 1~ 2% R 5
%

DDSFF(data-driven based subspace algorithm with
feedback factor and forgetting factor): iy Jx 15t [K| T~ Al
Ui PN R €T e Il K A7

A5 BRI 3~ R385 BT 1 FR U - PS O SR R L,

PSOSEMZH R 1R,

& 1 PSOLHIAAT| &
Table 1 The parameter list of PSO

S5 IS
PR 50
T RIEARIREL 100
TTHEA 0.98
MNISINIEY ) 2
R 2
R MR 24 2 REL 2
SBOHYRTHI TR 0
RS TH ERE 1
BUSHE IR 0
s BT Bt 1
Tot T R ) B T 5
SR 110 B R 2

4.1 BFGRAETM(BFG generation prediction)

TGS T b B A B FRON e 350 A
FH R i e S 56 25 L. DDSFI) S 45t R 10 B
~410.009; DDSFF 1) 2 1t K] 135 s DA 1 PR AL 43 1)
430.62510.893. K3 (1) 586 45 LK B

1) L SDDSI¥) 45 %A1 b, DDSFX 7l il i 2 1) F4
NI I WS PS R R i ol 1K R 7 OF i
Ot R;

2) DDSFFW & $E 5 7 IR B, BLAR 28 44 2
AT B Sk, (R FORE R AE nT 2 (Pa

4k 2 BFGK A & st \dir th 338
Table 2 Input and output data of BFG generation

MNARU i Az EY
RERGE/m® B /m® BFCRER /m?
6807.08 227.53 528.93
6809.12 234.53 528.07
6805.05 235.11 513.98
6819.8 236.2 531.38
6812.17 235.58 533.42
6808.61 231.22 479.33
6814.2 232.74 424.94
6799.96 236.61 444.26
6808.61 237.52 497.81
6814.2 236.34 517.16
6817.26 235 510.71
6825.4 236.81 517.44
6813.19 235.97 521.41
6801.99 235.39 514.83
6801.49 235.61 513.08
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Table 3 The experimental results of BFG generation

) U /m® /%
Sepf /m’

SDDS DDSF DDSFF SDDS DDSF DDSFF
513.05 495.31 495.45 508.65 3.4577 3.4307 0.8568
499.8 455.63 456.19 509.36 8.8368 8.7255 1.9127
496.19 469.08 469.55 516.57 5.4637 5.3688 4.1064
501.35 515.57 515.56 525.55 2.8361 2.8348 4.8265
507.59 541.67 541.41 535.75 6.713 6.6624 5.5479

4.2 KL T BEYE I FE 2 T (Energy consump-

tion prediction in hot rolling operation)

ERR ERY R R VNN
Table4 Input and output data of hot rolling operation

LARNLES 5y It T L TR B U T i) £ WAL it Ay
e 2R ARy Ak 4 4R % s e 45 2R /EDDSFHY, % ARURIC PR EER/ (kWh -t )
Tt A1 19 B CR0.024; /EDDSFFRH, J 45t PR 1~ i 3.6 31.01 93.6

6 27.36 92.8

Py A 45k
TS N (K HUE 53 530 90,15 810,948, 66 2958 06.6
FSH s R FE 0 12.8 26.12 94.9
. e 21.1 30.52 96.3
ANEEI A, P OUE B R R B S TN R R 283 32.66 94.9
A S b B i i S ) 29.7 32.58 92.8
Hﬁ@i@ﬁnﬁ’]ﬂ&mﬁj&‘ 542 5023 i

2) DDSFF3 B % 7RG F 1 o it 7 5 B 2, 17.1 30 97
R TN A R ‘61'59 §(7) gg

3) bR AR AR I T g A L, L 22 2282 107
7 R IR TR B AW AT, Rk T B e T 2 T A ;Z ?ég‘g 1(32
()52 Mo AL = 42 BE IR AT BT AE R (1 R 35 : : i

A5 HALFERER
Table 5 The experimental results of hot rolling operation
TRIME / (kWh - t 1) W 2E1%
BB/ (kWh - t71)
SDDS DDSF DDSFF SDDS DDSF  DDSFF
114.2 9581  95.88 9832 16101  16.042  13.92
105.8 9434 9442 9492  10.827 10749  10.26
102.8 90.87  91.37 9408  11.609 11.122  8.465
97.3 9371  93.97 94.26 3.692  3.419 3.126
98.6 96.19  96.78 97.1 2.442 1.844 1.526

5 458 (Conclusion)

ARG T BN A R Bk T 1 s i Uk
Az T PN i) RURH FEEL T 1) i 905 T A s T )
T8 3ok 5F BB Y5V FE AN e DT 2R 1R A 1 A A, LT
FETH i TSRS v T A 3K B 1 A 1]
SRAFE 7%, phsk 2% R N i H B8 R R Sk ) AN
G R HEMES H s m AR 2l T RmtH M
DLyl 55 B33 500 B00HR (R OB A B S e i 540 )

JEE. H T CRE A 21 T I 2R ) e R YR A e I
RGORAS, W TANF I 8] (0 8s 5N 7 3805 K1
A FR R A AN TR S R RE L. S4BT IR 7 A A5
A7 B BUECR I PSOSTIR BEAT LA, L3R b 1
25 8] 174 1R e S P A A e 00 AN 2k A b 1
SRR ARG L. 45 SRR, SOk 72 18] 7 i AE
FRBUH 5 5 O b 3 7 22 8] U5 ik, SR
2 AR5 Al 1 S A (1 RES T ST B A1 AT R
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