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Online Measurement of Molten Iron Temperature Field at Blast Furnace Taphole

Based on Infrared and Visible Vision

PAN Dong' XU Chuan' GONG Peng-Xu' JIANG Zhao-Hui' GUI Wei-Hua'

Abstract The molten iron temperature field (MITF) at blast furnace taphole is an important information for char-
acterizing the molten iron quality and judging the furnace temperature condition. However, the interference of dyna-
mic dust in the blast furnace casting field during the tapping process makes it challenging to obtain the MITF accur-
ately online. To this end, this paper presents for the first time a measurement method for MITF at blast furnace ta-
phole based on infrared and visible vision, which uses visible image to provide prior dust interference for infrared
visual temperature measurement. Firstly, the infrared and visible vision coordination temperature measurement sys-
tem is designed to obtain the infrared image and visible image of the molten iron flow at blast furnace taphole sim-
ultaneously. The infrared image of the molten iron flow represents the original MITF information, and the visible
image provides the data basis for quantifying dust transmittance. Secondly, an estimation model of dust transmit-
tance in visible images based on color consistency and an estimation model of dust transmittance in infrared images
based on haze-line prior are proposed to obtain dust transmittance in infrared band. Finally, combined with the
principle of infrared radiation temperature measurement, an approximate infrared temperature compensation model
based on dust transmittance is constructed to realize the targeted compensation of MITF and obtain the accurate
molten iron temperature with minimal error. Industrial experiments show that compared with only using infrared
vision to measure the MITF, the proposed method can significantly reduce the temperature measurement error
caused by dust and provide continuous and reliable molten iron temperature data for blast furnace control.

Key words Blast furnace ironmaking, molten iron temperature field (MITF), infrared vision, transmittance estima-
tion, temperature compensation
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and the images after decreasing dust interference



10 H o o E R 51 %
NEbD AN N v IS I B T B e kT 1 600 = —
1 KRR AR R R ———
Table 1  Performance indexes of molten iron flow ) Ay
images after removing dust interference 1550 4| o e e iR ik
using different methods = U S P .
— 21500 oottt el v
7k FADE ENVR NIQE VIF STD K
DCID 0.6121 1.0568 5.7528 0.8151 42.6041 1 450
NHRG 04867 59504 57233 11632  50.4452 650 1700 1740 ‘ 1800 18:30
NLID 0.4343 2.6741 5.5326 1.1110 50.6340 7]
. . (a) B 1
SLID 04839  3.3695 50503  1.0318  52.0414 (a) Tapping period 1
ATk 0.3348 2.4984 5.9588 1.0712 25.9634
1 550 4| ——- PCRH AN T7 %
. LA N o KTk
E%ﬂ:gﬁ, %%Fﬁ*ﬁ%ﬁfiﬁ'fﬁri‘*ﬁg:@ﬁj‘%LEg 8 15254 o uisHh {35 77 1
AR 1 500
e * .
= A 21475 e .
32 BOKBETRNERSH Rl IE SN IS/ SRR T
K 12 o 14Xk 4 T PUAME R A I BR KR 14254 ; . . . -
N=| ] LA S 2\ A2 SN 21N 3A R it 22:00 22:30 23:00 23:30 00:00 00:30
/m)%izj. Eial%l L2 AT, iai?;b%}ﬁ, %%L@BZI?’J% e
T DX 32 Ry 3 A P B R 45 30 . 3 5. 2 BRT I IR (b) HigkJE 3 2
AR BRI IR, HATER 1 P g BB IR 7 (b) Tapping period 2
YE 4T AN kA S by fre B / )
/25? J_?l‘{)\‘ﬂfmﬁ/i‘j, ﬁﬂ%ﬁ?&lﬁﬁbj{:mbﬂ% D‘&l\ B 13 SRk A 0 1 kK S
AL R 7T B 1 77 9. R A P 18 R 4 i = i, Fig.13  Molten iron temperature obtained at

2 T BN B AT S ROIIHE T3 3% i T3 LA
LRk R Bk KA IR BE 3 (Y SR, AR
AR B4 LA 0 Bk /K UL 45 SRAE NS B, JaiE
A SCHTHE T R . RIS, R SOR) LA 0
TIERI A RAE Sy IR (B 208 BT SR BoK
WRPE, BB XAy AT IRREAT *MEE, B 9 A R A
MR AR ), CAASUEA ST IR 2.

(a) BTN BIBAKIR
S
(a) Temperature field of
molten iron flow under
dust interference

(b) EFxkr BT PAME S
BRoK L
(b) Temperature field of
molten iron flow after
compensation for dust
interference

12 Pokitii s

Temperature field of molten iron flow

K 13 JE7R T AER — my b i AN [R] 2k A 1)
K FHAS R IR 7 V245 2 oK R . B Rt i 3R
e PRI A F A U B R AR B, 4 € R 2 P (s
B0 MR RCR F AL AN R TR ST A3 2 1)
BROKIRLIE, ] 373 7 A A M2 i s i 45 2R
M 13 ] g, A AME T, AR L0 AR ) 45
TR 55 R e e AR I 45 SR AH EL, A7 R ORI i 22
I HME G, A ST AL R R 3 N A5 0 2k

Fig.12

different tapping periods

ZKHR B 5 PRI B AR TN IR 45 R By, HAREE
B2 T EUMIARE, BRoKIR R T AR K
It 37 kK DX il E P4 10 7 A 2 .

BEAN, AWM E T AFRTHEN TS H R
fogexs iRz, el 14 Pros. i 14 7T, A7
PRI, 248 %o 3R 7 LU AN R FH 20 AU P 0 0 2 22 B
AN, HOREB M IPE £ 5 °C DL, BIAH L T-AMERT
MIRIRE, FMa2JE DR 45 R 1R 2 82280, i)
AT B BRI FTEE).

N T REE N W BT AR S5 A ELSUR I 4D
AR T3 9 B, AR SR S KR I iR =
ME oy, B/NIRENEARTE ME,y, , MR ZEHE
ME g, WIRARZE 38 T5 72 MEgq VE RV A ST
DR 25 A Ak PR RESR b

ME yax = max (abs (T (i) — Tyrue (7)), 1 € N (24)
ME in = min (abs (T (1) — Tyrue (1)), i € N (25)
| X
MEys = Z abs (T (i) — Tyrue (1)) (26)
N 2
S (T (i) ~ MEyy)
MEyq = = (27)

N
N Tope () 9 PR T LA 0 55 4 IR 45 2R



2 3 HASE: BT LA S R IERLSE e Bk 1 BRI 23 78 2 11

50

o S ORI AN i
=401 AL
d
é@ 30 4
& A
=< i Rt
& 20 e .
TR B --mmec - e

O T T T T T T T

1 2 3 4 5 6 7
MRS
(a) HERFIH 1
(a) Tapping period 1

50 =7 N 5 EYRY
o ==~ SR ANINE T7 i
< 401 AT
m Y
% 30 A \\\
. | . .
'EEJ\ 20 \\\ "“‘ ”‘,.-
m " ~. -
Z 10 1 =2 RS

O T T T T T T

1 2 3 4 5 6
W5

(b) HHELAM 2
(b) Tapping period 2
14 AN H ko ST 4 5 R 2
Fig.14  Absolute error of temperature measurement at
different tapping periods

T (i) IR — B 2 ARG 7 AR 25 5 N otk
TR A PR IR 2 R

2 BoR T AR JTTEAE 10 A 8 1 1
Refibr. HHER 2 AT 5N, ARSCOTVELE ORI %= 7% &
/NN 5 22 U 5% 22 B A RH IR R 2 38 0 24 4
THEAR BT T BRI, A bR B 4 Mo
HEAT I, A SRR X DYA 48 b b 0 35 B, 0
IR ZEYIMEH 14.557 1 °C [#{KF] 6.556 3 C, £
ATV REAE — B FERE b B AROR AR N s F 28 483
TR 2 B v Bk 7K e SRR 4 U R

® 2 AFRNEERIERPERESRARXTEL (C)

Table 2 Comparison of performance indexes of
different temperature measurement methods (C)
TR 7% ME nax ME i ME sy, MEa
RN Y 37.4963 4.9702 14.5571 8.4503
AT 12.5136 1.4967 6.5563 3.7164

3.3 TANE

NAE P B B B $ 22 YR A S B (5D DL
ik, WER T m e BRI R g M s .
#F Visual Studio C# &5 FF &, Ak 15
FIos. B4R R T B T BOIRAS E Bh G I 5 1) 4t
Wy ARE A R AL B R AME SR IRE, BRSO

ABISIP AR RS

Lonen  Bas

B 15wl SRR B3 s o 5

Fig.15  Monitoring software interface of MITF at

blast furnace

R AN G BB SN AR 2R HE TR I BRK IR R
BEAR T DN 57 shsi i, o2 1 il Bl N T
T ERAGR LR BUR, Db 8K B IR iR
RS REREACTPPAl B2 (L ] 52 XU P e S I

3.4 it1ig

b S6 2R W T S 41 A0 5 T WL AL o i R DU
TR BE S AE LR HE R AR R P Bk DK IR, e
PP A I SR O B B S E R AR IR e Bk
AR (2 ~ 3 AN/INE) i A R A F A R AT
N 3R AEAT, ARSI 5 1 1 L T BN (8] 5 s
FeA, WIS 2P RE T AL e AR BRI A AR R
BBAb, AT $&E 5 2 At T O VE 2 AR ROR Bk
AP AR AR IR, (BAE=Mabs BRI
A, SIA TR 3ES 7). Rk
TR — PR ZM ANE I R ATk, USRI

AR A, PR R KR BEAS N 5 7% e R 5t
NI VR KR BE AR AL 3 20 M - BROKR HH IR
AT B R A V00 B 1 B I IS T 45
St T EOLE BRI B, ARRATBLEE & AT
BRETT %, T b Bk 1 B AR A 35 e 20 #
BROKFUIRS BRI Bk 1 BE IR LB R Nl 8k
3 11 e ) R4 i ok SR 25 7 T ORI 7, 4T iy H ik
AR AL e K

4 LERIB

ek R KU T PEE 2 1 2 HE R RTINS T Bk K
Jort B A PR AT AR T T R SCER. AR SR A T 404k
5] WOGAL B R v bk Kl B2 I der 0 75 7%, 44
TR ANE B AR A LD AN IR AR MR Y R
SKELBN A AT T BRI IR BE 3 B X PR A2
R, U AR AR AN ST WO IR, M s T 5%
LRI IR A0 S AR A TR, D9 £ AN R A
PR GEE 7 B (o R IE S RS B S



12

H Zlj

(8

S 51 &

S5 RRWI PR IT IR RE W S BNAR BT 8k Ab
BRKGIR P R AR 2R HE RSN, D e o BRI R (R
A SR A OB Bt SCHE. T B A BT Y
ROk, RORKE X by 4238 5 Ak TH T IR IR AT T,
BE— IR BB T AN IR 2

ot

10

11

12

13

14

References

Xu C, Jiang Z H, Pan D, Yu H Y, Huang J C, Zhou K, et al.
Multiscale neighborhood adaptive clustering image segmenta-
tion for molten iron flow slag-iron recognition. IEEE Transac-
tions on Systems, Man, and Cybernetics: Systems, 2024, 54(8):
4642-4654

Liu Y, Zhou P, Sun X, Chai T Y. Optimal tracking control of
blast furnace molten iron quality based on Krotov’s method and
nonlinear subspace identification. IEEE Transactions on Indus-
trial Electronics, 2023, 71(8): 9610-9619

Wen Liang, Zhou Ping. Model free adaptive control of molten
iron quality based on multi-parameter sensitivity analysis and
GA optimization. Acta Automatica Sinica, 2021, 47(11): 2600—
2613

(e, . 5T 2 S8 RGUL T 58 &0 8K i & o
B RER]. B 3R, 2021, 47(11): 2600-2613)

Zhou P, Zhang S, Chai T Y. Adaptive constraint penalty-based
multiobjective operation optimization of an industrial dynamic
system with complex multiconstraint. IEEE Transactions on Cy-
bernetics, 2024, 54(8): 4724-4737

Pan Dong, Jiang Zhao-Hui, Xu Chuan, Gui Wei-Hua. Research
progress of measurement methods of molten iron temperature in
blast furnace. Chinese Journal of Scientific Instrument, 2023,
44(11): 280—296

(WB4, Femie, V7 )11, R PR, e P Bk U E R 7 v O BT 7 3k .
X BB R R, 2023, 44(11): 280-296)

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

(3, VPN, 30, R PAR. BT R LI R I e i oK R
ST, HAMGER, 2022, 48(1): 194-206)

Ma J C, Meng L H, Liu Z D, Z X. Rapid identification of liquid
steel temperature in tundish based on blackbody cavity sensor.
ISIJ International, 2024, 64(11): 1691-1698

Shao H D, Li W, Cai B, Wan J F, Xiao Y M, Yan S. Dual-
threshold attention-guided GAN and limited infrared thermal
images for rotating machinery fault diagnosis under speed fluc-
tuation. IEEE Transactions on Industrial Informatics, 2009, 19(9):
9933-9942

Vollmer M, Mollmann K P. Infrared Thermal Imaging: Funda-
mentals, Research and Applications. Hoboken: John Wiley & So-
ns, 2017.

Osornio-Rios R, Antonino-Daviu J, Romero-Troncoso R. Re-
cent industrial applications of infrared thermography: A review.
IEEE Transactions on Industrial Informatics, 2019, 15(2): 615—
625

Usamentiaga R, Molleda J, Garcia D F. Temperature measure-
ment of molten pig iron with slag characterization and detec-
tion using infrared computer vision. IEEE Transactions on In-
strumentation and Measurement, 2011, 61(5): 1149-1159

Pan D, Jiang Z H, Xu C, Gui W H. Polymorphic temperature
measurement method of molten iron after skimmer in ironmak-
ing process. IEEE Transactions on Instrumentation and Meas-
urement, 2022, 71: 1-11

Pan D, Jiang Z H, Chen Z P, Gui W H, Xie Y F, Yang C H.
Temperature measurement and compensation method of blast
furnace molten iron based on infrared computer vision. IEEE Tr-
ansactions on Instrumentation and Measurement, 2018, 68(10):
3576—3588

Pan D, Jiang Z H, Li Y T, Yu H Y, Gui W H. A novel com-
pensation method for infrared temperature measurement using

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

infrared vision and visible light vision under water mist interfer-
ence. IEEE Transactions on Instrumentation and Measurement,
2023, 68(10): 35763588

Zhang Y, Xie Z, Hu Z, Zhao S, Bai H. Online surface temperat-
ure measurement of billets in secondary cooling zone end-piece
based on data fusion. IEEE Transactions on Instrumentation
and Measurement, 2014, 72: 1-9

Tripathy H P, Bej D, Pattanaik P, Mishra D K, Kamilla S K,
Tripathy R K. Measurement of zone temperature profile of a
resistive heating furnace through RVM model. IEEE Sensors
Journal, 2018, 18(11): 44294435

Pan D, Jiang Z, Li Y, Yu H, Gui W H. Intelligent compensa-
tion method of infrared temperature measurement for multiple
interference factors. IEEE Sensors Journal, 2022, 22(19): 18550~
18559

Pan D, Jiang Z H, Chen Z P, Jiang K, Gui W H. Compensa-
tion method for molten iron temperature measurement based on
heterogeneous features of infrared thermal images. IEEE Trans-
actions on Industrial Informatics, 2020, 16(11): 7056—7066

He K, Sun J, Tang X. Single image haze removal using dark
channel prior. IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 2010, 33(12): 2341-2353

Liu J, Liu R W, Sun J, Zeng T. Rank-one prior: Real-time scene
recovery. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2023, 45(7): 8845-8860

Gonzélez-Sabbagh S, Robles-Kelly A. A survey on underwater
computer vision. ACM Computing Surveys, 2023, 55(13): 1-39

Hu H M, Guo Q, Zheng J, Wang H, Li B. Single image defog-
ging based on illumination decomposition for visual maritime
surveillance. IEEFE Transactions on Image Processing, 2019, 28(6):
2882-2897

Emberton S, Chittka L, Cavallaro A. Underwater image and
video dehazing with pure haze region segmentation. Computer
Vision and Image Understanding, 2018, 168: 145—-156

Ding X, Wang Y, Zhang J, Fu X. Underwater image dehaze us-
ing scene depth estimation with adaptive color correction. In:
Proceedings of the OCEANS 2017. Aberdeen, UK: IEEE, 2017.
1-5

Cheng Y, Jia Z, Lai H, Yang J, Kasabov N K. Blue channel and
fusion for sandstorm image enhancement. IEEE Access, 2020, 8:
66931-66940

Berman D, Avidan S. Non-local image dehazing. In: Proceed-
ings of the 2016 IEEE Conference on Computer Vision and Pat-
tern Recognition. Las Vegas, USA: IEEE, 2016. 1674—1682

Jiang Z H, Chang Z R, Xu C, Pan D, Yu HY, Gui W H. Detec-
tion method of molten iron flow velocity at blast furnace taph-
ole combining visual perception and jet mechanism. IEEE
Transactions on Instrumentation and Measurement, 1972, 73:
1-11

Berman D, Treibitz T, Avidan S. Single image dehazing using
haze-lines. IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2020, 42(3): 720-734

Narasimhan S G, Nayar S K. Shedding light on the weather. In:
Proceedings of the 2003 IEEE Conference on Computer Vision
and Pattern Recognition. Madison, USA: IEEE, 2003. I-T

Yang Li, Yang Zhen. Principle and Technology of Infrared Th-
ermal Imaging Temperature Measurement. Beijing: Science
Press, 2012. 15-28

(BaL, bl AN ARBE IR BB SRR . b BEEE AL,
2012. 15-28)

Usamentiaga R, Venegas P, Guerediaga J, Vega L, Molleda J,
Bulnes F G. Infrared thermography for temperature measure-
ment and non-destructive testing. Sensors, 2014, 14(7): 12305—
12348

Zhang Z M, Tsai B K, Machin G. Radiometric Temperature
Measurements: I. Fundamentals. Massachusetts: Academic press,
2009.

Pan D, Jiang Z, Gui W, Jiang K, Maldague X. Compensation
method for the influence of dust in optical path on infrared tem-


https://doi.org/10.1109/TSMC.2024.3388475
https://doi.org/10.1109/TSMC.2024.3388475
https://doi.org/10.1109/TSMC.2024.3388475
https://doi.org/10.1109/TCYB.2023.3341982
https://doi.org/10.1109/TCYB.2023.3341982
https://doi.org/10.1109/TCYB.2023.3341982
https://doi.org/10.2355/isijinternational.ISIJINT-2023-499
https://doi.org/10.1109/TII.2018.2884738
https://doi.org/10.1109/JSEN.2018.2826722
https://doi.org/10.1109/JSEN.2018.2826722
https://doi.org/10.1109/JSEN.2022.3199264
https://doi.org/10.1109/TII.2020.2972332
https://doi.org/10.1109/TII.2020.2972332
https://doi.org/10.1109/TII.2020.2972332
https://doi.org/10.1109/TPAMI.2022.3226276
https://doi.org/10.1109/TPAMI.2022.3226276
https://doi.org/10.1109/TIP.2019.2891901
https://doi.org/10.1016/j.cviu.2017.08.003
https://doi.org/10.1016/j.cviu.2017.08.003
https://doi.org/10.1109/ACCESS.2020.2985869
https://doi.org/10.1109/TPAMI.2018.2882478
https://doi.org/10.1109/TPAMI.2018.2882478
https://doi.org/10.3390/s140712305

2 3 HASE: BT LA S R IERLSE e Bk 1 BRI 23 78 2 13

perature measurement. IEEE Transactions on Instrumentation
and Measurement, 2020, 70: 1-11

34 Ling P, Chen H, Tan X, Jin Y, Chen E. Single image dehazing
using saturation line prior. IEEE Transactions on Image Process-
ing, 2023, 32: 3238—3253

35 LiY, Tan R T, Brown M S. Nighttime haze removal with glow
and multiple light colors. In: Proceedings of the 2015 IEEE Con-
ference on Computer Vision and Pattern Recognition. Boston,
USA: IEEE, 2015. 226—234

36 Choi L K, You J, Bovik A C. Referenceless prediction of percep-
tual fog density and perceptual image defogging. IEEE Transac-
tions on Image Processing, 2015, 24(11): 3888—3901

37 Hautiere N, Tarel J P, Aubert D. Blind contrast enhancement

assessment by gradient ratioing at visible edges. Image Analysis
and Stereology, 2008, 27(2): 87-95

38 Mittal A, Soundararajan R, Bovik A C. Making a “completely
blind” image quality analyzer. IEEE Signal Processing Letters,
2013, 20(3): 209-212

39 Ding K, Ma K, Wang S Q, Simoncelli E P. Image quality assess-
ment: Unifying structure and texture similarity. IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 2020, 44(5):
25672581

B % R A B R

. EEBFTT LM,

AN, RS, R E AR

g U ESEINES

E-mail: pandong@csu.edu.cn

N (PAN Dong Associate professor at
i the School of Automation, Central

South University. His research interest covers infrared

thermography, vision-based measurement, deep learn-
ing, image processing, error modeling and compensa-
tion.)

WO R KA E sl B i
FUE. EEW I OB ALE, B
o0, IREE S IR 4 Tl f
e ARSCEEE

E-mail: csuxuchuan@csu.edu.cn

, . (XU Chuan Ph.D. candidate at
‘ 6 the School of Automation, Central

South University. His research interest covers image
processing, data analysis, deep learning and modeling

of complex industrial process. Corresponding author of
this paper.)

FERME R R E S B
FoA. FEBE TS Ay ER AL P, £
e, MLds s S AR Tl 72
TSR AL A% 1)

E-mail: agongpxz@163.com

(GONG Peng-Xu Master student
at the School of Automation, Cent-
ral South University. His research interest covers im-
age processing, data analysis, machine learning, model-
ing and optimal control of complex industrial process.)

BEARE R A B EUR.
TR TTTT R AR S B 3tk %
B, FGgaE, Tk VR LR E 4T
bt T PR S RN I8 A4 il

E-mail: jzh0903@csu.edu.cn
(JTANG Zhao-Hui Professor at the
School of Automation, Central
South University. His research interest covers detec-
tion technology and automatic equipment, image pro-
cessing, industrial VR, modeling and optimal control of
complex industrial process.)

£ LR SN e N o S R R R A E
T2 BT I TT 18] 9 B Tkl R AR
R B4 ).

E-mail: gwh@csu.edu.cn

(GUI Wei-Hua Professor at the
School of Automation, Central Sou-
th University. His main research in-
terest is measurement, modeling and control of com-
plex industrial process.)


https://doi.org/10.1109/TIP.2023.3279980
https://doi.org/10.1109/TIP.2023.3279980
https://doi.org/10.1109/TIP.2023.3279980
https://doi.org/10.1109/TIP.2015.2456502
https://doi.org/10.1109/TIP.2015.2456502
https://doi.org/10.1109/TIP.2015.2456502
https://doi.org/10.1109/LSP.2012.2227726
mailto:pandong@csu.edu.cn
mailto:csuxuchuan@csu.edu.cn
mailto:agongpxz@163.com
mailto:jzh0903@csu.edu.cn
mailto:gwh@csu.edu.cn

	1 红外−可见光视觉协同测温系统
	2 高炉铁口铁水温度场检测方法
	2.1 基于色彩一致性的可见光图像中粉尘透射率估计
	2.2 基于雾线先验的红外图像中粉尘透射率估计
	2.3 铁水流温度场补偿

	3 工业验证
	3.1 粉尘透射率估计结果分析
	3.2 铁水温度场检测结果分析
	3.3 工业应用
	3.4 讨论

	4 结束语
	参考文献

