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Abstract: Traditional colorimetric temperature measurement method commonly used in visible and near
infrared band, can only get high precisions when measuring near high temperature target, and can'’t get
high precisions when measuring far low-middle temperature target. Aimed at the limitations of traditional
method, infrared colorimetric temperature measurement method was put forward considering atmosphere
and ambient radiance, an colorimetric temperature measurement system based on middle infrared camera
was established. First, standard blackbody was used for calibration of middle infrared camera and single-
band of colorimetric system; then colorimetric temperature measurement model with ambient radiance
parameter was deduced, a new function between ratio of two radiances and temperature of target was
established; finally, measurement temperature of home-made gray-body in the laboratory was made, the

feasibility of proposed method was verified. Experiments show that: in the experimental temperature
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range, absolute error of temperature measurement is less than 4 C, the temperature relative error is less

than 6.7% ,

the measurement accuracy of radiation intensity is higher than 10% .

The colorimetric

temperature measurement method considering atmosphere and ambient is greatly superior to traditional

method.
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calibration of colorimetric;

colorimetric temperature measurement;

temperature
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Fig.1 Schematic diagram of calibration
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Fig.2 Spectral response of detector
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Fig.3 Gray-body and its measurement image
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Tab.1 Atmospheric parameters and ambient radiance

Atmosphere Path radiance =~ Ambient radiance
transmittance /Wem2esr! /Wem2esr!

4 520 nm 0.790 3 0.0911 0.304 3

4 665 nm 0.8499 0.0796 0.320 2
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Tab.2 Measurement results of proposed method

Mea-

Relative

Radiance in middle infrared

T - Mea-
emper Average sured  error of .
ature R Radiance sured Error of
e ° tempe:é' (CMPEIA" Ay mradiance " ©
ture/ ture o IWem=2
s
40 0.8192 4268 6.69% 2.0819 22744  9.24%
80 09200 8343 4.28% 68168 74561 9.38%
100 09426 10120 1.20% 11.2393 11.5611 2.86%
120 09575 12395 3.30% 17.6331 19.1744 8.74%
150 09731 15149 0.99% 32.0498 32.9434 2.79%
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Tab.3 Measurement results of traditional method

Radiance in middle infrared

Mea-  Relative
Temper- Mea-
Average sured  error of .
ature ¢ Radiance  sured . ¢
/T of R tempe;‘g- (eMPera \y.m. radiance raiiri(:n::)e
ture/ ture ol /Wem=
sr™!
40 09609  34.12 -14.70% 2.0819 1.7051 -18.10%
80 1.0018 8292 3.65% 68168 73576 7.93%
100 1.0212 11098 10.98% 11.2393 14.4741 28.78%
120 1.0341 131.80 9.83% 17.6331 22.5360 27.81%
150 1.0474 15553  3.69% 32.0499 354645 10.65%

3.3 RO

2 M 3 G T S0Pk ARGt i iR
25 AR IR EE R .t 2% 2 A0, SO R g
WL XA 227 4 CLAW, MXHRZETE 7% LR il
JEE I RS B A, TP A B S B AR 25 10% L
DAL, B A T R v SRR R L AR, R 3R
R4 L AR Dy R 25 5, T LA R TR 4
SR A S PR B A 22 AR K, 7E 100 CTHFI 120 T, i BE
o 1% 25 M R S e A IR 22 E IR T 11 C
1 28% , X F i 22 B B T A6 TR S bR Am O 2 B L
(BB A 25 08 H AR S 5 B 55 0 SRR 4 B (5 | &
AR K, TR TR R K

M LA B BT ol DA, AG 55 L ol i ik B fif 2%
JE IR 52 ) 00 TR AR TR AR, D0 R AR AR
T DX 3, AT LA FE AL 5 B £ 0 0 T R IR A, K
AR S R S S5 B S5 )Xo 0 SRR R R e A K 5 i
SCH LY 8,5 1 [R5 P8 T AR PR R e %o U i 5
i), ANASGE FH e il E b e B 0, EL oI H AR
A 558 v R B SO 2 B e A e v R
R 150 °C, SEBRI R e oa] v A T AR R 43 ] DA
P 2 00 YR RS PR L PR (B A BH 2 ol R e PR
il , SO g T — AN B R A R A
HE B R TR A5 BRI, TERRI &8 i 2k vk
M o7 DX PR, 4 0 4 S 5 3 g 2R A % S e Tk
RS IL A R,
4 & it

TEHE B IIR A7 HAR R HHR | KASBMA LR
S5 %50 IR 5 1k RE S AR 4T 1 TH BR & S
RFEI (AR BRI SEMAEE RS, IR B
K BEAN R o SO 2 RO AR ER B 52 e 1 L 2
WO, ST P R ERE P R (1 b D 3 s A
BEAY S T bR RS B0 L, SCEG B, S
r b €8, 000 I S 55 T 1% BE A8 AT RO N K AR R X L
IR A, X ICHR B AR IR RS & T g
L

SC LR £ I L ik 2 T R ORI B B R A
M), T 7 AN [ off FH 3 5 ) 22 B 8 I 0 T, SE 3 E
o 0 B S 7 b A 7 43R W st R v, 3
P 8 B BB A ke A AR AR, SCrh o ik RO EOR
8 RS2 BOR A B T B B0 n] S B b I £



2314

2L oh k5 ok TA2

% 44 %

PRIk S HR 7532 o e 00 B ) 78 A AR 0 R A B i )3

458

FE B ZT7 100 30 7 vk n] IR s 4 S 0 3

Gevh, BRIE b AT S IR AR LS I, X R
EREL A S 5 25 F AR S e e 0 A 5 B A —
TR

SE

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

Feng Chi, Zhang Chongguan, Wang Zhaofeng, et al. The
wavelength selection of colorimetric temperature measurement
[J]. Applied Science and Technology, 2013, 40(3): 45-49.
Shahla Keyvan, Rodney Rossow, Carlos Romero. Blackbody-
based calibration for temperature calculations in the visible
and near—IR spectral ranges using a spectrometer[J]. FUEL,
2006, 85: 796—-802.

Li Jun, Liu Meidong, Zen Yike, et al. Research on non-
contact infrared temperature measurement [J]. Piezoelectrics
& Acousto Optics, 2001, 23(3): 202-205.

Shi Deheng, Dai Qirun, Chen Yuke, et al. Optimal design of
a  practical  dual-wavelength

high-precision  fiber-optic

colorimeter [J]. Chinese Journal of Scientific Instrument,
2005, 26(12): 1238-1243.

Si  Yang. Research of dual-wavelength temperature
measurement method based on color image sensor [D]. Xi’an:
North University of China, 2013. (in Chinese)

Wu Haibin, Wang Peng, Zhou Houwei, et al. Influence of
furnace environment radiation on colorimetry temperature
measurement [J]. Chinese Journal of Quantum Electronics,
2012, 29(2): 224-229. (in Chinese)

Sun Yuan, Peng Xiaoqi, Tang Ying. Revised method of
temperature measurements using two-color thermometry based
on CCD image sensor [J]. Chinese Journal of Scientific
Instrument, 2008, 29(1): 49-54.

Zhu Jianhua. Transient high-temperature measurement based
on colorimetric temperature measurement technology for
high-energy damage blast field [D]. Xi'an: North University

of China, 2011.

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

[18]

Carlos Romero, Xianchang Li, Shahla Keyvan. Spectrometer-
based combustion monitoring for flame stoichiometry and
temperature control [J]. Applied Thermal Engineering, 2005,
25: 659-676.

Feng Wenjing. Research on intermediate infrared colorimetric
pyrometry system [D]. Harbin: Harbin Institute of
Technology, 2013. (in Chinese)

Cao Lihua. Correction-based dual-waveband color comparison
thermometric method [J]. Chinese Journal of Scientific
Instrument, 2012, 33(8): 1882-1888. (in Chinese)

Xing Jichuan, Liu Guangrong, Jin Weiqi, et al. Dual
waveband colorimetric temperature measurement method and
analysis [J]. Infrared Technology, 2013, 23(1): 71-75. (in
Chinese)

Ren Y, Zhou X M. Survey of dual waveband colorimetric
temperature measurement technology [C]//2014 26th Chinese
Control and Decision Conference(CCDC), 2014: 5177-5181.
Li Yunhong,Ma Rong, Zhang Heng, et al. Dual waveband
colori-metric temperature accurate measurement tecnhology
[J]. Infrared and Laser Engineering, 2015, 44(1): 27-35.
(in Chinese)

Sun Zhiyuan, Chang Songtao, Zhu Wei. Radiation calibration
method for infrared system with large aperture and broad
dynamic range [J]. Acta Opticsa Sinica, 2013, 23 (1):
0712006—1-0712006-7. (in Chinese)

Luo Maojie, Zhou Jinmei, Fu Jingneng, et al. Integration
time as variable for radiometric calibration of infrared system
[J]. Infrared and Laser Engineering, 2013, 42 (1): 36—40.
(in Chinese)
Han Qijin, Zhang Xuewen, Qiao Zhiyuan, et al. Wide
dynamic radiometric calibration of GF—1 PMS sensors using
multi-test sites [J]. Infrared and Laser Engineering, 2015,
44(1): 127-133. (in Chinese)

Sun Zhiyuan, Chang Songtao, Zhu Wei, et al. Radiation
calibration of infrared system by amendment of inner and
outer calibrations [J]. Optics and Precision Engineering,

2015, 23(2): 356—362. (in Chinese)



