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FeO Content Prediction in Sintering Process Based on
Fusion of Data-Knowledge and AW-ESN

FANG Yi-Jing" JIANG Zhao-Hui"? HUANG Liang' GUI Wei-Hua"? PAN Dong'

Abstract FeO content is an important index to characterize the strength and reducibility of sinter. Real-time and
accurate prediction of FeO content in sintering process is of great significance for improving sintering quality and
optimizing sintering process. However, the lack of thermal state parameters in sintering process and the frequent
fluctuation of process parameters bring great challenges to the high-precision prediction of FeO content. In order to
alleviate these problems, a method of FeO content prediction in sintering process by fusing data-knowledge and ad-
aptive weight echo state network (DK-AWESN) is proposed in this paper. Firstly, aiming at the problem of lacking
thermal state parameters in sintering process, the temperature distribution model of sinter bed is established, and
the state of FeO content can be obtained based on the temperature distribution characteristics of sinter bed;
Secondly, aiming at the frequent fluctuation of sintering process parameters, a multi-scale data registration method
based on kernel function high-dimensional mapping is proposed, which effectively suppresses the influence of out-
liers and improves the quality of modeling data; Finally, to alleviate the problem of low prediction accuracy of data-
driven model due to the lack of mechanism knowledge, the expert knowledge extracted from the process data is
fused with adaptive weight echo state network (AW-ESN) to establish DK-AWESN, which improves the FeO con-
tent prediction performance of the model under complex working conditions. Industrial verification shows that the
proposed method can accurately predict the FeO content in real time and provide effective FeO content informa-
tion for the intelligent control of the sintering process.
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Fig.1 Schematic diagram of sintering process
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K(z, zi(k)) = e (15)
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p=1
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b, e FoREEE 2%, BUATEH 0.1, 0.2], XT,,
XE o3 RN WS SR AE 58 p 4 1) de K AE AN e ME
m 7N L 4

FER 4. HAFEC(NF) > ¢ (N), < (NF)RIR NE
R IRE AR AN, MR o (2 (k) N O X R
Mo (b)) 5 Mgy iy AME—, FREEAT — 5 4E R
G, EEDE IR 4, HEZONR M, k)
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SEBS. EEPSE2 ~ 4, HEIITEERIE
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I T ZSHA K, 1 HAZ N S 25 T E S 50500,

2.2

* 3 FABRESEINIREOICHE
Table 3  The grey relational degree of process parameters
Fr5 AR i TR IR Fr 5 AR RIKSE
1 FH R U 0.803 11 TR 0.559
2 BesE LR 0.798 12 Chigo 0.557
3 BHE 0.778 13 B 0.549
4 TR R 0.737 14 R 0.539
5 Csio, 0.733 15 KFE 0.527
6 L 0.703 16 Ceao 0.459
7 PREHICLE 0.669 17 JHIE JE Sy 0.337
8 I NEIRE S 0.641 18 KA IR 0.327
9 KR 0.618 19 TR 0.271
10 WS 0.574 20 (B3 453k 0.249




2 JriaE S F T RN AW-ESN B4 B4/ FeO & 2100 289

X R i i AT E S A e AL D AR B REY,
T2 S B EII A2 P S5 5. B A IR W 4%
(ESN) BA KA REHLA B R 2% (i &00) 1EAE
EAAE AL I s, AR & & H TR i
FeO & &M, — Ao )i ) ESN =>4
AREBICHR: —MRNE . — DR BGRB8
(fi &) LA — Nt = N 2 A2 B AL E 2 3
il 25 UL FRY T i 25 vk /B 5 G IR T L O 9 1 42 T
F T A7 0 AH O A5 SR ERAF I TA) R 2. E X %
AN = (k) € RM | k=1 B ZI6% 47 B AR S AR &
Nu(k—1)e RN, brdEf ESN B #UE 2 n LR
RN

u(k)=f(W*u(k— 1)+ W'z (k)) (18)

y (k) = (W (u (k) z (k))) (19)
A, y (k) € RV ENZIRR AT, Wi, wre,
Wout 35 R AR R A N BUER L il AU R A
PAA i AL E . Horb ) win s wres SR B AL AR RO
wout T8 E I ISR EE R T SRR f () 247
i J2=2 B0 BR B, ASCILFE tanh BREL fou () 2
HHJZ R R L

AP RE -5 i A\ BSdfE R 30T iR AN I 2 2 B
B E TR BAT SR A SR E . AR SCAE SR 2.1 TR T
BT R U AER S 1) 22 RO SR B e, 1T
IR RN, AT, SR T PR TR
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1 —kg,
AE (k) < —€? (k) 8"1r0 (1 — 20%0) + ae? + kg, y < kg,
g() =149 kg <y <kg (35)
1
k%ﬂ#ﬁﬂ[2k%ﬂmﬁﬂ+e%ﬂl—eﬁmﬂ —ae VTR 1k oy >k,

(30)
Ye(k) >0, 3 (30) AT LAHESR
AFE (k) < —é? (k) 0%1r0 (1 - ;HTM) +
eQMQBTMH[l——;HTMO] (31)
He(k) <0, 2 (30) AT LA
AE (k) < 2¢* (k) 0"1r6 (0"1r6 — 1) (32)

IR FE) T 215 1 B2 3 (26) I, AT RAHERS
0<6%re <1 (33)

H = (32) A1 (33) WA, He (k) < 0, AL
HEAF

E(k)<0 (34)

R bR HE T R AT N, AR 2 T AR E

PEEREE, iR RS IE M A 2] %, AW-ESN Fiisk

PR LAS B ORAIE. O

HIR5 AW-ESN =B EL &

BTk Z HLE AT, 25500 SR B A 2 87 T 52
br oV 72, X 52 2% 278 B TOLRE, A8 2 H
ZALERE 2, AT S ECTIRE BN RS ) L R
AR L I AR o AN BT I R B
PN R B T — AR, J1sR Sz ai A A i
PEREMIIR T, (B2 TREANHEE S, Ttz
(1) B5CH U8 AT 2 o R 7Y T 4 16 1 A o 1 3 BT
P, HLIL BT AL KA U0 RE 0% I WL e 45 1ok AR 1 A5
B, DR, ke et i FEALER AT A, Kl A
Wm0 T SR S B I s AR A 4, R
WA AR A R IK S AR L R L R AR R AR R
T )RR v SR A T R A R S 2
1) FeO & &M, HHRIUE B M ARS AW-
ESN fil4, @37 DK-AWESN R M2 5 4%
T B BT A 1 e T B

WK 5 frs, /£ DK-AWESN H, Begh i #E 1)
L G R T oo e 2 R EOE BREL fou ().
TR AR S KAL) FeO 2
SR R BT I BE BRE g (), AATTEUAR SR A
BOEREL four (). g () HIRIER N

2.3

A,y ORI kg, kg, PR ASIRGE L
FKFRFFE ) FeO & BT IREM LIRME; o
ToRER AL, FEASCHRUER 0.5.

I b A Rl A A, L AR R F] AW-
ESN {1t o8 20, oot 3as el Al 1l
N T EETRRENLEE R 73 () FeO S5 AIR, BEWH R
pEL e R DRV b 9 DI T BACR TR ESE S VNS
BRI BLR . i S RO R g () FTRAE
TIN5 SR e SRR R 0 (0 A Vi B, Y
REWS £ T SRR AN T 45 3R, 4 d5e 2% (0 T i 1
B In] B IEA A, AT T R 22 L e T T
FEL.

3 SCHILGIE

IR BT ER 7 VA A v, A SCR IR E AR R
M DX AN R AR (] 34t e &l | Bl Hh o0 2019 4F 1 H
1 H ~ 2019 4 10 A 30 Hic 3% (148 7= Hdls AT 17
BSR4 A TR AL &, e
AR i, MR B T A% R B LA T 2 R B T
HETTE T AR AL, R & RSB T
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FINEEE, 60 NMEARVENNNREE. okt fuim A2 &
BENAFFE AR ARENEA G, AL E
H—AH] [-1, 1] Z[8]. 5 e s P e i AU FE 3))
SHkedid @M ELH, DK-ESN. AW-ESN
DL S ESN A4 T 5 B S A A 3k 47 52 ) B 4
IEnIE.

2 WA o A T M R AT BB, IR 2
RS IR 25 Ay 1 26 (Hit rate, HR) PAS&F
B4axtiRZ (Mean absolute error, MAE). ¥ 7R
7% (Root mean square error, RMSE) &Ar#E 4

*4 HHMARR
Table 4 The input variables of the model
) AR FF AR
1 A PR il e 9 TR
2 IREEHILE 10 Cugo
3 B e 11 ERM
4 BeEh L 12 B
5 Csiog 13 A R
6 iz 14 HRRHAC B
7 FRA PR 15 R
8 PSR
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THEARE g B RR PR RERO SR AR, iR faAr i
RS

1 n
RMSE = | — 2
- ;errk

k=1
n
kzz:l Hy 1, |errg] <0.4
HR = % 100%, Hy =
n 0, At

(36)

A, errp =y(k) — 9™, y(k) Mg k) 20 RxR
FeO & PR IE A TRIAE ; n Rm MR AR A2
7% 1 B AR AR AR S TR, RSO iR E e
0.4 CLN . SARIE T it 2% Tt IR AR 2R F0 000 14 e 1
SR AR SCIEFE T AR/ i £ it 2 208 T 0K
Jii 4 DK-AWESN 8 b T R [E 6l & it =%, 7
WIHEAT 30 YRIMSLAR B, FEREE RBHAT S, Grit s
BN 5 Fron. #rh, NRMSE #8215 245
RMSE WI3ME. I3 5 A LB, UGSttt
ANBCR 200 B AR RS B TR 5 SR B A B & A B A
B ZHONE IR E TOE N = 200, 142 0 =
0.88, i SD = 5%.

£5  fERIMHEY DK-AWESN R8I0
Table 5 Influence of reservoir size on the
performance of DK-AWESN

Wi NRMSE

it A YIZRITA] (s) . o
50 21.821 0.425 0.0332
100 21.832 0.371 0.0258
150 21.840 0.332 0.0254
200 21.841 0.301 0.0218
250 21.850 0.343 0.0262
300 21.864 0.399 0.0246
350 21.866 0.435 0.0321
400 21.891 0.482 0.0326

BT AT B RS B, AR AR — PR T
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EEPERE, 78TO H B sh ), 40 124 13, 26+ 27, 28
FEA 5, AW-ESN 35 58 52 B U 10 T 2% 3, 1
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100f 7,
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FeO

Kl 6 ESN 1 AW-ESN Tl {f 5 s brie 5t L
Fig.6  Comparison between predicted values and
actual values of ESN and AW-ESN
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DA DR 52 v 255 S UL PR 00, SIS ASE 2 ot 00 14 e
PIHEF.
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Fig.7 Comparison between predicted values and ’
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Fig.10  Scatter plot of predicted values and measured
B 8 ESN fil DK-ESN TRil{E 5 SEBrfExf b values by different methods
Fig.8 Comparison between predicted values and

actual values of ESN and DK-ESN
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Fig.9 Comparison of prediction errors of

different methods
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AR SRR T T SR 2R i e 4 T 00 BT ST )32

F 6 FH T b IR TR Y T & SRV 4R
br, M3 6 FFE T LLE 1, AW-ESN Al DK-ESN [
TRV RE A BT ESN #A BB T, M DK-
AWESN %54 PN 68 2 i 4 1, A ESN 1
&, TR b T Ay b R KR R T
EF| T 86.67%. M AW-ESN 15, “F¥MHk ar
HFRIETF T 8.34%, “FIIEXTIRZE LT 0.047, 1
TR ZEN D T 0.044. 3@ LA E Sz K o HriE
B, FriE DK-AWESN %@ 3% FeO 471140
AN AW-ESN {5 75 T5000 (& 1 % 3l X (8] /S, — &

6 BBERTNERETR bR L
Table 6 Comparison of prediction performance
indicators for different algorithms

TERETEAR ESN DK-ESN AW-ESN DK-AWESN
MAE 0.351 0.254 0.298 0.251
RMSE 0.420 0.316 0.345 0.301

HR (%) 70.00 83.33 78.33 86.67




2 JriaE S F T RN AW-ESN B4 B4/ FeO & 2100 293

FEFE Bt 1 i TR Z HLE AR P B 2 AL fig
ZE M) L SR BT U7 iR S S R AR PR R A2 A
PEREAHAL T 59 A = R A AR S AR AT 1) 1 3955, fE
R AT SE B TRE NI

4  ZEFRIE

ALIRE T —MET RS AW-ESN @&
(DK-AWESN) HIeght FeO & &1 7k, 1E0T
$& DK-AWESN 1, jdf24%& S LA £ KL 50 2
A AR S AW-ESN MH45 4, 28l 7 BRI
FeO & BN MERE. TAVIGUER W], A SCHr i
)i o AT IA B 86.67%, 574 TN RS P 52 i FE A &
BN, B B 172 A e 0 R0 AR
gt o b, RIS RZE R R E ST
BT BT 32 PN ASE 2 AR At BI04 DR A5 28 1y Fo0l s 2
AT XL, 45 AR, Pt iE A RO TR AAE
2R TOLT B TIONKS BE | BR8N R A I e N R
PR AT AR (5 S, AT 44 v e 4 ok A2 11 1 425 g
FIEIZIAE N A B E HERR 2 0 SRR 25 1k FE 1
FooE ], S pe sy s R A EEEH.

References

1 Usamentiaga R, Garcia D F, Molleda J, Bulnes F G, Orgeira V
G. Temperature tracking system for sinter material in a rotat-
ory cooler based on infrared thermography. IEEE Transactions
on Industry Applications, 2014, 50(5): 3095-3102

2 Li Y X, Yang C J, Sun Y X. Dynamic time features expanding
and extracting method for prediction model of sintering process
quality index. IEEE Transactions on Industrial Informatics,
2022, 18(3): 1737-1745

3 Ferndndez-Gonzalez D, Ruiz-Bustinza I, Mochén J, Gonzélez-
Gasca C, Verdeja L F. Iron ore sintering: Process. Mineral Pro-
cessing and Extractive Metallurgy Review, 2017, 38(4): 215—227

4 Fernandez-Gonzalez D, Ruiz-Bustinza I, Mochén I, Gonzalez-
Gasca C, Verdeja L F. Iron ore sintering: Raw materials and
granulation. Mineral Processing and Extractive Metallurgy Re-
view, 2017, 38(1): 36—46

5 Huang Z C, Yi L Y, Jiang T, Zhang Y B. Hot airflow ignition
with microwave heating for iron ore sintering. ISIJ Internation-
al, 2012, 52(10): 1750-1756

6 Li Wen-Peng, Zhou Ping. Robust regularized RVFLNs model-
ing of molten iron quality in blast furnace ironmaking. Acta
Automatica Sinca, 2020, 46(4): 721-733
(ZEIRMG, J5~F. koK i B PR IE AL BN 22 I 2 d . |
LR, 2020, 46(4): 721-733)

7 Chen X X, Shi X H, Lan T. A semi-supervised linear-nonlinear
prediction system for tumbler strength of iron ore sintering pro-
cess with imbalanced data in multiple working modes. Control
Engineering Practice, 2021, 110: Article No. 104766

8 Umadevi T, Karthik P, Mahapatra P C, Prabhu M, Ranjan M.
Optimisation of FeO in iron ore sinter at JSW steel limited.
Ironmaking and Steelmaking, 2012, 39(3): 180-189

9 Liao Ji-Yong, He Guo-Qiang. Progress and development of sin-
tering technologies during the last five years. Sintering and Pel-
letizing, 2018, 43(5): 1-11
(BR4k 53, ([R50, 38 AR RREEH Rt 2 R . e kI, 2018,
43(5): 1-11)

10

11

12

13

14

16

17

18

19

20

21

22

23

24

Kawaguchi T, Sato S, Takata K. Development and application
of an integrated simulation model for iron ore sintering. Iron
Making Proceeding, 1987, 73(15): 1940-1947

Yamaoka H, Kawaguchi T. Development of a 3-D sinter process
mathematical simulation model. ISIJ International, 2005, 45(4):
522-531

Wang Yue-Xiang. Sinter and Pellet Production. Beijing: Metal-
lurgical Industry Press, 2006.
(EBAE. besht SRR A, Jbat: &k tiptt, 2006.)

Jiang Z H, Guo Y H, Pan D, Gui W H, Maldague X. Poly-
morphic measurement method of FeO content of sinter based on
heterogeneous features of infrared thermal images. IEEE Sensors
Journal, 2021, 21(10): 1203612047

Wu C, Wang F B, Chen X Z, Hou Q W, Chen Z K, Zhang M,
et al. RGB color decomposition and image feature extraction of
flame image in rear of sintering machine. In: Proceedings of the
36th Chinese Control Conference. Dalian, China: IEEE, 2017.
5640—-5463

Zhou Yu-Run. The Research on Online Evaluation System for
Sintering Quality Grade Based on Tail Section Image and Bel-
lows Temperature [Master thesis], Anhui University, China,
2013.

(R R . AL DR TR Pl I TR FBE 11 e 45 I i S R 2R VT
RIS [ L2008 ), =BOREE, T, 2013.)

Zhou H, Zhang H F, Yang C J. Hybrid-model-based intelligent
optimization of ironmaking process. IEEE Transactions on In-
dustrial Electronics, 2020, 67(3): 2469-2479

Du S, Wu M, Chen L F, Zhou K L, Hu J, Cao W H, et al. A
fuzzy control strategy of burn-through point based on the fea-
ture extraction of time-series trend for iron ore sintering process.
IEEE Transactions on Industrial Informatics, 2020, 16(4):
2357-2368

Zhou Ping, Zhang Li, Li Wen-Peng, Dai Peng, Chai Tian-You.
Autoencoder and PCA based RVFLNs modeling for multivari-
ate molten iron quality in blast furnace ironmaking. Acta Auto-
matica Sinica, 2018, 44(10): 1799-1811

(BSF, SKIE, 25009, 308, Se R4, M A RIS PCA &£
TCHRK T B REALECRR P 2% @A, B B 25, 2018, 44(10): 1799
1811)

Zhang Shu, Gao Wei-Min. Application of neural networks in the
prediction of sinter quality. Sintering and Pelletizing, 2001,
26(4): 6-10

(TR ET, MR N TN P AE R g Fabn T b R REF . R4l ek
[#, 2001, 26(4): 6-10)

Laitinen P J, Saxén H. A neural network based model of sinter
quality and sinter plant performance indices. Ironmaking and
Steelmaking, 2007, 34(2): 109-114

Yuan Zhi-Qiang. Study on Prediction Modeling of the Sinter
Chemical Component Based on Deep Learning [Master thesis],
‘Wuhan University of Science and Technology, China, 2018.
(RBUR. H T IR L BAS P48 IR e 2540 5 10 43 TR AR B A 92 [ T
T2 ], sBRHECR %, A, 2018.)

Jiang Zhao-Hui, Xu Chuan, Gui Wei-Hua, Jiang Ke. Prediction
method of hot metal silicon content in blast furnace based on
optimal smelting condition migration. Acta Automatica Sinica,
2022, 48(1): 194-206

(VR VRN, RE A, 3. T B oL RS B e b oK R
BT AR, 2022, 48(1): 194-206)

Li Ze-Long, Yang Chun-Jie, Liu Wen-Hui, Zhou Heng, Li Yu-
Xuan. Research on hot metal Si-content prediction based on
LSTM-RNN. CIESC Journal, 2018, 69(3): 992-997

(Z=FH, M, XSO, JAE, 2252%F. 22T LSTM-RNN BAL )
BRKEE S BTN, A6 2R, 2018, 69(3): 992-997)

Wu Gao-Chang, Liu Qiang, Chai Tian-You, Qin S. Joe. Abnor-
mal condition diagnosis through deep learning of image se-
quences for fused magnesium furnaces. Acta Automatica Sinica,
2019, 45(8): 14751485

(R B, XUDE, SERM, ZRIE. HeT I e IR IR B 2 2D I v Jeir B


https://doi.org/10.1109/TIA.2014.2306984
https://doi.org/10.1109/TIA.2014.2306984
https://doi.org/10.1109/TII.2021.3086763
https://doi.org/10.1080/08827508.2017.1288115
https://doi.org/10.1080/08827508.2017.1288115
https://doi.org/10.1080/08827508.2017.1288115
https://doi.org/10.1080/08827508.2016.1244059
https://doi.org/10.1080/08827508.2016.1244059
https://doi.org/10.1080/08827508.2016.1244059
https://doi.org/10.2355/isijinternational.52.1750
https://doi.org/10.2355/isijinternational.52.1750
https://doi.org/10.2355/isijinternational.52.1750
https://doi.org/10.1016/j.conengprac.2021.104766
https://doi.org/10.1016/j.conengprac.2021.104766
https://doi.org/10.2355/isijinternational.45.522
https://doi.org/10.1109/JSEN.2021.3065942
https://doi.org/10.1109/JSEN.2021.3065942
https://doi.org/10.1109/TIE.2019.2903770
https://doi.org/10.1109/TIE.2019.2903770
https://doi.org/10.1109/TIE.2019.2903770
https://doi.org/10.1109/TII.2019.2935030

204 =l 3

S 50 %

Jpi LS. BBk, 2019, 45(8): 1475-1485)

25 Fang Y J, Jiang Z H, Pan D, Gui W H, Chen Z P. Soft sensors
based on adaptive stacked polymorphic model for silicon con-
tent prediction in ironmaking process. IEEE Transactions on In-
strumentation and Measurement, 2021, 70: Article No. 2503412

26  Wang Lei, Qiao Jun-Fei, Yang Cui-Li, Zhu Xin-Xin. Pruning al-
gorithm for modular echo state network based on sensitivity
analysis. Acta Automatica Sinica, 2019, 45(6): 1136-1145
(FE#, TR K, AR, A0, HET R A IR AL e 7 4R
BMBAE . AR, 2019, 45(6): 1136-1145)

27  Jiang Tao. Principle and Technology of Agglomeration of Iron
Ores. Changsha: Central South University Press, 2016.
(L. BRI He. Kb RS R, 2016)

28 Yao X S, Wang Z S. Broad echo state network for multivariate
time series prediction. Journal of Franklin Institute, 2019,
356(9): 4888—4906

=RI=1 ML PN S Bl S A A
FeHE. 2016 4EF1 2019 4F 43 Rl 3k A
(2N o e VA 1 T e 2 AN 2 1
FLI7 I R HE SRS (1) Tl i A g A A
P, Tl R 7 Hr L g 2 3.
E-mail: yijingfang@csu.edu.cn

(FANG Yi-Jing Ph.D. candidate
at the School of Automation, Central South Uni-
versity. She received her bachelor and master degrees
from Central South University in 2016 and 2019, re-
spectively. Her research interest covers data-based

modeling and control of industrial process, industrial
process data analysis, and machine learning.)

BEARE  hEg R AR B AR
2011 SERAF KA 22y, 8
WFFET7 I8l ol i A R BN 5 R Ak
HoONTR RS T EMIse, &
oAz, ASClAE RS

E-mail: jzh0903@csu.edu.cn
(JIANG Zhao-Hui
School of Automation, Central South University. He
received his Ph.D. degree from Central South Uni-
versity in 2011. His research interest covers photoelec-

Professor at the

tric information perception and image processing, arti-
ficial intelligence and industrial virtual reality, and in-

telligent optimization control. Corresponding author of

this paper.)

| R PEAREASM b
FUAE. BRI TT A Tolk o Fe A
Szl

E-mail: huangliangcsu@163.com
(HUANG Liang Master student at
the School of Automation, Central
South University. His main re-
search interest is modeling and optimal control of in-
dustrial process.)

E DA hE TR R L, R
H 2k 2Bt 204%. 1981 3R mf™
BB 2. EERR T AR
2 Lok R e, fe Ak 5 il N2
R 2 W 5 oA B R

E-mail: gwh@outlook.com

: (GUI Wei-Hua
Chinese Academy of Engineering, and professor at the
School of Automation, Central South University. He
received his master degree from Central South Insti-

Academician of

tute of Mining and Metallurgy in 1981. His research in-
terest covers complex industrial process modeling, op-
timization and control applications, fault diagnosis,
and distributed robust control.)

& & PR R A BT
2021 F R R ZIEHIR S T
AL e = X VAN S 20| W I DS EA R
SIHLERALNE, R AR T, Tl id FEAer
DA ).

E-mail: panda@csu.edu.cn

(PAN Dong Lecturer at the School

'y

of Automation, Central South University. He received

his Ph.D. degree in control science and engineering
from Central South University in 2021. His research in-
terest covers infrared computer vision, image pro-
cessing, and detection and control in industrial
process.)



	1 基于料层温度分布特征的FeO含量等级划分
	1.1 烧结料层温度分布特征提取
	1.2 烧结过程FeO含量等级划分

	2 基于DK-AWESN的烧结过程FeO含量预测
	2.1 FeO含量相关变量确定及输入数据集的构建
	2.2 DK-AWESN预测模型搭建
	2.3 知识与AW-ESN模型的融合

	3 实例验证
	4 结束语
	参考文献

