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Analysis of infrared temperature measurement model of
molten steel based on infrared CCD

YANG Youliang , LIU Aixu, MA Cuihong, LIAN Chang
(College of Electrical Engineering, North China University of Science and Technology, Tangshan 063210, China)

Abstract: In order to quickly and accurately measure the molten steel temperature on line, infrared CCD camera
temperature measurement technology was used to measure the surface temperature of molten steel. The image of molten steel at
different temperatures was collected by an infrared CCD camera to calculate the average of the grayscale values in the region of the
image near the temperature measured by the thermocouple. The golden section optimization method was introduced to determine
the expansion coefficient in the generalized regression neural network. The nonlinear curve fitting between gray scale and
temperature was compared by using the traditional least square method and the modified generalized regression neural network.
The results show that the temperature measurement model established by the improved generalized regression neural network can
effectively improve the on-line temperature measurement accuracy and make the measurement error of molten steel temperature
within 0. 1% . It meets the requirements of industrial design. This study provides a reference for the application of generalized
regression neural network in the field of molten steel temperature measurement.
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Fig. 1 Structure diagram of system hardware
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Table 1  Table of temperature value and gray scale ratio table

temperature/ K 1339 1344 1359 1384 1413 1425 1450 1475
Ay/nm 49 52 55 60 66 70 72 84
A,/nm 79 83 89 97 106 113 116 136
A/Ay 0.6253 0.6245 0.6231 0.6215 0.6197 0.6189 0.6174 0.6160

temperature/K 1487 1507 1518 1553 1563 1595 1607 1615
A/nm 86 92 96 102 106 113 119 127
Ay/nm 140 150 156 167 174 186 196 209
A/Ay 0.6152 0.6139 0.6132 0.6112 0.6106 0.6086 0.6076 0.6065
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Fig.2 Fitting curve of least square method
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Fig.3 Fitting curve of GRNN neural network
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Table 2 Comparison of the generalized regression neural network method and least square method

least squares method

GRNN neural network algorithm

gray ratio true temperature/K
fit value/K relative error/ % fit value/K relative error/ %
0.6253 1339 1336 0.22 1337 0.15
0.6245 1344 1340 0.29 1342 0.14
0.6231 1359 1364 0.36 1358 0.07
0.6215 1384 1389 0.36 1385 0.07
0.6197 1413 1416 0.21 1412 0.07
0.6189 1425 1428 0.21 1424 0.07
0.6174 1450 1455 0.34 1449 0.07
0.6112 1553 1549 0.26 1554 0.07
0. 6086 1595 1590 0.31 1598 0.18
0. 6065 1615 1619 0.24 1614 0.06
residual sum of squares 146 34
standard deviation 1.28 0.76
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Table 3~ Comparison of temperature measurement results of thermocouple
and infrared CCD
thermocouple infrared CCD error absolute
time/min
true temperature/K fit value/K value/K

0 1475 1477 2

10 1487 1486 1

20 1507 1508 1

30 1518 1517 1

40 1563 1561 2

50 1607 1608 1

M3 AR Al LU, R 7 3 DA A B K
I AR SR EAN ], I HARE 0. X g
NI AT AEZE SR, ORAT A SE P s O , P 2150
CCD M F A FRIBCR) 2 59 /K R T L E 1 84 Fi A 3R

82 9 7K PR R , D BRI FHTZE AN CCD i 15 A X 89

KL 2 AT AT Y

4 & it
BT KR E AN B 52 7 20 8 1 T 3, ) ] e

AN RN SR YA 28 R 2% 7 R A TAN KK B EE A

i B2 2 18] 56 AR R T AR AU 5, SRS A YK 2L AN RS 1

RO L g AT AR A58 ) SCIR A Bl 2R R 26 5

TEAW /K S Tl B2 6 0 T, b A 8 0 D0 5 3 S A

R, T S E 1 R AR R ) AT AT R B

NI it B2 0 R 2 A 0. 1% YR, RORHR v 1M

AL o

2 % X #

[1] TANAKA T, OGATA A, INOMATA A, et al. Infrared continuous
temperature measurement system for molten steel in tundish[ J]. Ad-
vanced Materials Research, 2012, 472/475(4) :1110-1113.

[2] MO Zh X, CHEN Y J. Study and development prospect of infrared
thermal image detection technology in China [ J]. Laser & Infrared,
2014, 44(12) :1300-1305 (in Chinese).

[3] LIY H. Based on infrared thermal imaging temperature measurement
technology and application research [ D]. Harbin: Harbin Institute of
Technology, 2010 14 (in Chinese).

[4] CUIF X, FANG Y H. Imaging method of infrared background based
on bright temperature spectrum [ J]. Acta Optica Sinica, 2013, 33
(11); 1130001 (in Chinese).

[5] SUNY, PENG X Q. Comparison of color and colorimetric methods

based on color CCD [J]. Chinese Journal of Sensors and Actuators,

2015, 28(8) :1184-1187 (in Chinese).



566

2018 4E7 A

[7]

(8]

(9]

[10]

[11]

[12]

HAI X, ZHU Zh J. Comparative analysis of error correction of colori-
metric temperature measurement by least square method and three
spline curve fitting [ J]. Lasers Journal, 2015, 36 (6): 72-76 (in
Chinese) .
CAO L H, YANG C Y, WAN Ch M. Dual band calibration based on
colorimetric temperature measurement method [ J]. Chinese Journal of
Scientific Instrument, 2012, 33(8) . 1882-1888 (in Chinese).
LIUTL, LID W, LIANG Ch L, et al. A single-wavelength radiation
temperature measurement method based on area array CCD []J]. Ap-
plication of Optoelectronic Technology, 2008, 23(1) : 27-31(in Ch-
inese) .
WU H B, LIU Ch H. Study on error correction function in colorimet-
ric temperature measurement theory[ J]. Journal of Quantum Electron-
ics, 2009, 26(1): 121-126 (in Chinese).
LI'Y X, LI Sh. Design of the system to soft measurement of high-
temperature field based on color CCD image sensor [ J]. Journal of
Jiangxi University of Science and Technology, 2012, 33(1) . 48-55
(in Chinese).
WANG P, HAO X J, ZHOU H Ch, et al. Colorimetric temperature
measurement device based on ignition point test of magnesium alloy
[J]. Laser Technology, 2014, 38(4) :459-462 (in Chinese) .
YANG Y L, DAL J J, MA C H. Characteristics of colorimetric tem-

perature measurement based on wavelet analysis[ J]. Power & Acous-

[13]

[16]

[17]

[18]

tics, 2015, 37(3) : 519-521 (in Chinese).

SUN Y, PENG X Q, YAN J. Research on temperature measurement
of high temperature field radiation based on color CCD[ J]. Journal of
Instrumentation, 2011, 32(11) ; 2579-2584 (in Chinese).

LI H B, WANG X X, LIU B. Selection of working wavelength and
bandwidth in CCD colorimetric temperature measurement [ J]. Opti-
cal Technology, 2005, 31(1) : 21-23(in Chinese).

LU P F, PEI D X, SHENG D W. The research of transient ther-
momelry technology based on K-style thermocouple [ J]. Chinese
Journal of Sensors and Actuators, 2014, 27 (6) :775-780 (in Ch-
inese) .

ZHOU M H, WANG G Zh. Least square fitting of B-spline curve
and Bézier curve based on genetic algorithm[ J ]. Journal of Computer
Research and Development, 2005, 42(1) : 134-143 (in Chinese).
ZHANG Zh K, TIAN Y B, ZHOU J J. Using wideband DOA esti-
mation based on improved generalized regression neural network and
principal component analysis [ J]. Optoelectronics & Laser, 2012,
23(4) :692-696 (in Chinese) .

SUNZh Y, LI M H, QIAO Y F, et al. Application of BP neural
network in calibration of colorimetric temperature measurement sys-
tem [ J]. Laser and Infrared, 2007, 37 (12): 1274-1277 (in Ch-

inese) .



