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Abstract: In blast furnace production, the prediction of gas flow will help to ensure the stability of the blast furnace.
Aiming at the shortcomings of the traditional prediction model of blast furnace gas flow, this paper proposes a multi-
step prediction model of gas flow based on auto-regressive moving average model based on recursive least squares with
forgetting factor (FF—ARMAX) and regularized extreme learning machine based on recursive finite memory least squares
(RFMLS—RELM). In terms of data correction, construct FF—ARMAX model to eliminate the measurement error in the
data. At the same time, the Fourier transform method is used to denoising. The RFMLS—RELM algorithm is used for
multi-step prediction. The comparison experiments show that the proposed algorithm is faster in modeling and higher in
prediction accuracy when applied to blast furnace gas flow prediction. It is suitable for the multi-step prediction of gas flow
distribution of blast furnace. The experimental results show that the model can accurately predict the distribution of blast
furnace gas flow, which provides effective help and support for blast furnace operators to analyze furnace conditions.
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Fig. 1 The crossing temperature device
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Table 1 Blast furnace data details

M A BvME BOKME beiEE B
FL 41839 41439 42421 1252 m3/min
Fw 1180.2 11737 11935 2.233 T
FY 34890 32147 362.21 5.24 kPa
DY 190.19 17856 220.68  2.61 kPa
02 6375 57.28 72.03 5.06 %
FS 25424 24696 27284 323 m/s
YC 158.71 13040 17239 549 kPa
T39 28438 12933 476.62 61.25 T
T38 141.04 83.86 30145 35.77 T
737 11946 7135 26483 3254 T
T36 26496 78.67 638.06 108.17 T

T25 418.40 —12.50 775.39 223.91 C

T29 65.28 —12.50 159.55 29.63 C
728 72.23 51.51 154.66  16.70 T
727 10198 71.66 20441 17.87 T
T26 32358 178.16 694.82  81.65 T
721 263.50 13330 49493  60.95 T
722 8722 5426 20044  19.45 C
723 10033 5090  253.85 3335 T
724 23991 8142 606.02 11442 T
733 319.15 82.03 60632 106.70 T
732 162.74 82.64 31732 35.50 T
731 13645 9638 28253 24.24 C
T30 36331 204.10 644.17 73.28 T
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B SRANRFAEER, TR (915 952 B 3 e S AR,

[Pk (29

4 SERUEFNGE B b

G5 B G i R SR P TR B R B A
RPN 7] L
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AR FHRFMLS 7 EM RELM AR TAAL, 2 T
—Fh A HE—RFMLS—RELM. 5 ki 2cidr
FE T RFMLS —RELM 53 1 5 60U i i 5
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B B AL T REMLS —RELMELVE ) s b B
TS 2 0 TR, A5 o il R2).

PL b B A 52 56 3 78 B 45 AMD Ryzen5 1600X
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RMSE. Ak 22 SD A I A (A1 AR 18] 1 4 4%
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4.1 FF—ARMAXBIRIH 55 fH AL BR RO S50

AT WA TR )7 i, W UEFF— ARMAXHE 71 50f 3
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RFMLS—RELM 5 i # 57, 2 ¥ hic B N IR & K &
Q =50, & EY AL = 10, ENHLREBC = 2%, %
JiheREC N sigmoid BRI AL, 95 ilE FF— AMRA XA 5
AR AR, LIS 7 AW A A EE Y EL

PN oA 28 A BRI BR UG HHE, S5 100020 £ 4. Forp
900 FLHEAF Il 25 B HE , 10020 B0 45 75 vl ik B4
NI TR RSP, 2T 44 9 SR (b 3L
) R SI 36 452 7R (5 0 B 40 ). 3209 S e A5 Y (b 2
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& 2 FIARAN (AL IR Fo R IR AR (R AE R IE) O R A R
Table 2 Experimental results of experimental models (processing data) and experimental models (raw data)

VER RIS PR E] /s I % R
oA
MEAN  SD MEAN  SD RMSE SD RMSE SD
SEIGREAI (LI EE)  8.4391 23079  0.1373 0.0295  0.0136 0.0020  0.0553 0.0022
SEIGIET (HAAEHE)  8.6729 22168  0.1395 0.0301 0.0763 0.0024  0.1082 0.0087

FH 2 AT %, 7E Y GRS (/] - = F A=A L,
{2 ZRAMHARMSE G R K ZE R, LI (hbBE
B TR AR TEVN R B MR B, B HERER I
5 T S B AR T (J 46 A, R IR AR s AR A 0
FF— ARMA X Y 25 [ S I, 04 v Tl A 2 Tt
DUKS FE A AR K HE Bh. UEBH T FF— ARMA XA X 5
EALFR AT R, filo 1 ESCER B AR,

4.2 3 FRFMLS—RELM/] & b 45 0 6 T
TSRS S
4.2.1 RFMLS—RELM:GER ]

MHFARFMLS — RELM &AL Tl s i <t i
FEIFPERE, DL KK IR REMLS J7 1% 0% S ELM ALV
M RELM 532 11 42 T+ H, A SCAE 2 7 RFMLS —
RELM Tl () [|] i, SR FHELM A% . RELM &L
WOS —ELMH. % FIM — ARMAX 124 Sy s bE 5393
43 ) ST FRIAR Y. {H 2 RFMLS —RELM 802 7E 52k

N FH R PR REER I S 8O L v e, DR T AR T
DRI 1 Bk B e A, A SCOe AT R S 5000, 1 e
TRIBLRY e S HBC b

4 ST TR A 7R L SE REMLS —RELM )45
B, BENMLREC . BREKEQ. BRE BT m AL
A BRI AL R B C 53 3k 20, 215 220
225 230 BREK Q7 Bk 50, 100, B E 45 f L
43 Ak E10, 20, 50, 100, F6) R £ZE FH sigmoid BRI %Y.

s iR 4282 S REMLS —RELM TR 7Y 17
175256, TR 425 300k 2 il 56, B sLie 45
RIIRMSERI 7 ZAE A P R s it 45 51, xS
5] 2 $ 0 B RFMLS — RELM Tl A 704 [ 52 56 45 5
WIFR3F7R. HER3THL, 4Q = 50, L =50, C = 2%
I, T 285 S T RMSESAME % /1. HUAR SC% B PR e K
EQ =50, & ET AL = 50, ENHLRHC = 21°,
T R £ FH sigmoid bR 1) 2 E0BC B AF VRFMLS —
RELM TS (1 i 4 i

% 3 RFMLS—RELM#EA 49if A R 12 R
Table 3 Results of the adjustment experiments of RFMLS—RELM

910 915 520 925 930
Q L ilghtiEYs
SD RMSE SD RMSE SD RMSE SD RMSE SD
10 8.4391 0.0553 0.0022  0.0545 0.0025 0.0552 0.0024 0.0576 0.0027 0.0581 0.0031
50 20 16.4755 0.0466 0.0047 0.0473 0.0039 0.0484 0.0045 0.0492 0.0049 0.0501 0.0051
50 16.0714 0.0456 0.0049  0.0444 0.0055 0.0454 0.0051 0.0467 0.0049  0.0473 0.0046
100 21.9958 0.0676 0.0110 0.0669 0.0093 0.0671 0.0119 0.0677 0.0117 0.0682 0.0115
10 9.5427 0.0783 0.0039  0.0797 0.0048 0.0789 0.0058 0.0801 0.0039 0.0799 0.0042
100 20 15.1510 0.0794 0.0077  0.0793 0.0075 0.0790 0.0057 0.0830 0.0066  0.0880 0.0065
50 15.1766 0.1071 0.0090 0.1068 0.0101 0.1027 0.0134  0.1059 0.0147 0.1076 0.0128
100 20.2057 0.1904 0.0106  0.1912 0.0118 0.1920 0.0107 0.1920 0.0109 0.1923 0.0105
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TEHf 7 RFMLS —RELM T A% A4 ¥ 2 44 ic 5,
BEATAS R PRI g RS B A5 TR 2 £ 4% B 4
T

1) ELMAEAY: 7 PSS 7Y 55 S e e & J2= 1
MNELAE R AL 23R8, SEHhE L = 10, Bl
PREC A sigmoid BRI Y.

2) RELMAEAY: g 37 FiiAss Y 75 220 52 1Rk &
O S B S AL k. 28R, R4
e L = 10, C = 230, Wil ek BN sigmoid B 7 57
RELM Tl #5244 .

3) WOS—ELMAR Y : 37 70 45 724 i 5 38t s [A]
T B B2 AL R 8. 2 iR, A
e L = 10, A = 0.9, ElRECsigmoid %L

4) M—ARMAXEIAL: ZB R [ ol 5 552.2
5 o FF— ARMAX #5081 4 37 3 A2 AH AL, R it M—
ARMAXIEM T 7 2 5 2 55, M—ARMAXHE Y
IR OB I FE A R G I R A 2 2.2 R ) &5
R, Bln, =3, ng = 3, 3=

AN TR TR A 51256 ) L &5 SRR 4. hk4n]
1, ELM 5 RELMF Il 25 A1 I XRMSE K ZAH [A],
R E 00 A0 T 5 1 v 80 7 3 P R B 0. SR T,
TE VI RIS 1] AL A (8] L, RELMIA{E A 5 22 5/,
XU AR IE AL R B R SR RESR T ELMIF P e, 1HJ2 AL
Ihfi i T ELMIA i BE 3B SR I 50 22 1T 5 B0 kb 1]

IR 1) . WOS —ELM I ZR AN RMS B T
ELMAIRELM, i} #3855 K P AR I AR ELM .75 45
BEHTE. M—ARMAXATE N —Fh e LI RGBT
W, FETERE F SELMAIRELMAREL, 1H 2 A KA 5E (Il
RRMSEISDE TELM, B Bl 4E AL S EK), 15
FE VIR (A1 RT3, DR AE S b v F R oA B 4838
47].

1% i, REMLS—RELM¥] Il Z5 A1l i:{RMSE & Fir
A TR b 2 i 1), UEBHRFMLS 775 RELM A%
IR REA R KFEF, 1M H B nAs e (SDAXRELM B /M),
AR YIZRI (] AT R (] B, (H2 A PERRER T AR
bk &2 T LA SZ 1, 1T HL s AR B i K 5 &R
4, BT CALE SE B S A A R B ) AR 2 ] LA 2
(). 941 FHREMLS — RELM T i A5 5 75 2] 1 <
T R T 25 5 S B A 0k B L 1048
RFMLS—RELM TR 5 A At B AR X 1% 2. L9
& 107 ZIRFMLS —RELM A % 1R 47 1 T <
BPE. N T 320 LR - TR 2 1 e, 1145
7 REMLS —RELM AR5 P AR (1) A=t e P i
H-5 S O L gt B, 1245 TR 22 i % Ll 2
BB 11T UE Y, A B A TR0 455 7 REMLS —
RELMEA 5 4 B Tl 2 R, I HL B8 5 4 ) Tt ekt
A E ARG S N 12 7T LU ), RFMLS —
RELM Pl I A5 75 ) 45 22 B S5 /0N T e A 4 b 3000 A5 784
H1 AT AIRFMLS — RELM LA 45 e O TRk 5 .

& 4 KRR TR F 503 b E
Table 4 Comparison of experimental results of different prediction models

YIZRISHE]/s PIRA 7)/s Wl Wk
Bk
MEAN SD MEAN SD RMSE SD RMSE SD
ELM 0.0489 0.0156 0.0298 0.0078 0.1364 0.0021 0.1389 0.0054
RELM 0.0258  0.0068 0.0200 0.0036 0.1365 0.0025 0.1376  0.0085
WOS—ELM 0.0541 0.0385 0.0217  0.0146 0.0511 0.0118 0.0648 0.0090
M—-ARMAX 44016  0.1640 0.0657 0.0093 0.1287 0.0036 0.1389 0.0859
RFMLS—RELM 15.9870 0.5120 0.1094 0.0334 0.0329 0.0040 0.0444 0.0055
800 T T T T 400 T T T T
600 200 n
© O
é 400 = A :‘_p;i 0 W
o
— HE -
2001 ——RFMLS-RELM | 200 1
0 1 1 1 1 -400 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
¢/ min t/ min

9 RFMLS—RELMARLFilIZ5 5
Fig. 9 Prediction results of RFMLS—RELM model

10 RFMLS—RELM il i %
Fig. 10 Prediction errors of RFMLS—RELM model
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= B8, TIM—ARMAX 2 5 TN AR 2 1) FREI0 5 72 18 i
é 400 .  EMLSRELM R T H AR, szl MG F, REeE & 20
i FIM  RELM ] DAY R BRI, o & 5 A I Re TR E B .
M-ARMAX ~ —— WOS-ELM RIS foR T & 2 30 TR AL ) PR 20 TR 25 5.
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Fig. 11 Prediction results of different prediction models
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Fig. 12 Prediction errors of different prediction models
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RELM, WOS—ELMAIM—ARMAX 5 % @ . ) £ 45
TR R BEAT 6 L, BFRFMLS —RELMAE R 2235
T AASRE. DA 22 20 T AR 2R A FH (1) B3 A2 SR o
SR60 s (1) B S ] 7 41 B, DRIt 2% 22 20 Pl A 7Y )
TR KAB 60 5 iy SEBrAE = Hoi R0 FE AR A
SRy e 22 5 TR IR o A = I U B ) T A5 R
AR FAH X % 2 (relative errors, RE) L8 % % 25 Tl
DRI TR SCR, TR — P I TIE 5 B E T
RE, MRE < 10%, ANAIZ5 T 45 5o 2 mi
455 13 JRFMLS —RELM %2 45 FI A 764 () 1l 45
R, B4R Z DR R T 45 St .

i & 13 7] 41, REMLS —RELM FA 45 Fi I A% 78 11 95
Mg R 5 BB AR B, T2 25 A 2 R A il
DME B AR B SAB S, S5 45 052 3
TS 22 1 52 e, FRUIN R 22 AN K e i, AR o T
D5 00 1 im0 5% 22 e SR Rk, F B 14T, 2%
Z 0 TN RITE 55 120 22 5530 () Tl 45 SR 5 Ul
WL, B T M—ARMAXA Y, (H 2 M 435
GH B IR 22, HLBE S TR 50 P 38 i 22 ok ek

550 ————
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o 2
w450 e
| — %M
400 | - REMLS-RELM#.25
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Fig. 13 Prediction results of RFMLS—RELM multi-step

prediction model
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14 ANJF) 22 8 TR R P T & 3R
Fig. 14 Prediction results of different multi-step prediction

models

HE S A, REMLS —RELMR A {1t 22 25 Tl 45 5
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FOLFHRRZEIFEABIINR, BRI HX R -
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i AN RE 2 A Rl &5 R 35548, 1 H b P
O, T2 SR I B L SE, BB 108 N B A
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WOS—ELM % 5 AR Y (e T 25 AR KT, A 2%
Tl &5 R 62 2 %, R ITRFMLS —RELM#% 24
FIPERE, (H2 & I 1R 22 3G K BE R AR AR =, 2B 1020 1)
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% 5 TR % F AR 63 m P £ R (FRN 45 R $#4239°0)
Table 5 Prediction results of different multi-step prediction models

o - RFMLS—RELM ELM RELM WOS—ELM M-ARMAX
A i H RE/% # RE/% % RE% %% RE% % RE% % RE/%
1 541.6 5369 09 5389 05 5366 09 5366 09 5396 04 5293 23
2 528.1 5247 07 5324 08 5336 10 5226 1.1 5336 10 5013 5.1
3 5117 5162 09 5190 14 5216 19 5196 1.5 5206 1.7 4623 96
4 4926  497.1 09 507.0 29 5096 35 4766 32 5076 3.1 4374 112
5 471.1 4757 1.0 4966 54 503.6 69 4425 6.1 4416 63 3914 169
6 4480 4443 0.8 4830 7.8 496.6 109 4015 104 4076 9.0 3534 21.1
7 4237 4273 08 4619 9.0 4826 139 3675 133 3766 11.1 2765 3438
8 399.1 4027 09 4467 119 5026 259 3046 237 3216 194 1745 563
9 3748 3774 0.7 4494 199 519.6 386 2366 369 289.6 227 915 756
10 351.6 3549 09 4453 267 492.6 40.1 190.6 458 2266 356 466 868

F_FR SEEG AT N, 7R 2 DT ) R
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BT R 22 A0 TR0 25 SR (A PR 0 SR 2 B 5 Tl 2 25 )
T4 0T AN W 8 0. AR SC AT #E S FIRFMLS —RELM&
W, RS PRI 2 00 Tl B, A HAl R R %
5 TR AR ST S A () SR AR . BB AR TR R Tl
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ARMA XA B S a4 A PR - DR 2 B 2R Ak
IR S E I R 22, TR R P A8 BL HAR Hy vE B 4
P BN e R HRELMEEIET 200
T, H Hiz FHRFMLSHEALRELMEBE & )2 214 H 2 1
BUBAERE, WER T 7 S B xR (o, 85 7“5
PR 0] B B ok AR B 2 B, 1% A N
T AR T B, TR B R v, PRz RS
FFX S AR 2 0 T RIS 22 25 7
DS 56 45 R BH, 12 AR A B ARATS | H TC i o€ A o 7]
iR 22 I TIN5 5 ) 1 I T AN T S ey i, (AR T
oAt A% S TN AR 28 B8 SR A5 B 22 A sl A £, S
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