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/K /K /K /K /K /K /K /K

1 1 500.0 1420.3 1409.7 1404.3 1393.3 1388.1 1376.8 1 365.2 1 360.3
2 1 800.0 1 689.4 1675.4 1 668.5 1654.2 1647.8 1633.1 1618.2 1612.3
3 2100.0 1955.4 1937.9 1929.7 1912.0 1904. 5 1 886. 5 1 868. 3 1 838.2
4 2 400. 0 2219.0 2197.9 2 188. 6 2 167.4 2 158.9 2 137.7 2 116.1 2 108. 6
5 2.700.0 2 480. 6 2 456.0 2 445.6 2421.0 2411.7 2 387.1 2 362.3 2 354.0
6 3 000.0 2740.5 2712.5 2 701.1 2673.1 2 663.0 2 635.1 2 607.1 2 598. 2
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Table 2 Comparisons of two methods of iterative time

Bl KAt £R/K MMO NN MMOMZNN  MMPRkZiN  MMP ik
i1 /K B2/ % SOR/K wE/Y
1 0.75~0. 85 1 500.0 1551.9 3. 46 1504.7 0.31
2 0.75~0. 85 1 800. 0 1 879.9 4. 44 1 813.5 0.75
3 0.75~0. 85 2 100.0 2214.2 5.44 2 105.6 0.27
4 0.75~0. 85 2 400.0 2 559.7 6. 65 2 411.4 0.48
5 0.75~0. 85 2 700.0 2914.2 7.93 2713.9 0.51
6 0.75~0. 85 3 000.0 3 279.6 9.32 3 016.5 0.55
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Table 3 Brightness temperature and effective wavelength

2 HiR 56 REIR B 56 REIR B 5 BEIR B 5 BER B 5 BER B 5 BER B 5 R BE SRR B

/K /K /K /K /K /K /K /K /K
NG| 773.0 752.3 746.9 739.5 731. 6 723.2 714.5 705. 6 700. 6
£ 1073.0 1033.2 1023.2 1009. 8 995. 6 980. 9 965. 8 950. 6 942. 2
Bk e 1073.0 974.1 928. 7 875.2 832.0 804. 9 795.7 803. 2 813.5
RAE 1 1273.0 1167.8 1133.0 1117.1 1100.0 1057.6 1047.7 1004. 4 979.9
R 2 1073.0 1019.2 989. 1 962. 2 932.0 899. 6 875. 0 847.5 836. 6
K3 773.0 697.9 695. 7 689. 7 680. 2 664. 6 663. 1 682.2 688. 6
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Table 4 Comparison of true temperature with SRM and MMP method
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ik AR 0.20~0. 60 1073.0 1083.3 0. 96 1085.7 1.18
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KA 2 0.30~0. 80 1073.0 1078.2 0.48 1068.6 —0.41
KA 3 0.40~0. 70 773.0 780. 2 0.93 764. 8 —1.06
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Fig. 1 Variation of emissivity with wavelength at different temperatures
(a): Trend of emissivity of stainless steel with wavelength; (b): Trend of emissivity of graphite with wavelength;
(¢): Trend of emissivity of titanium sample with wavelength; (d): Trend of emissivity of sample 1 with wavelength;
(e): Trend of emissivity of sample 2 with wavelength; (f): Trend of emissivity of sample 3 with wavelength
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Multi Objective Planck’s Minimization Optimization Method for
Multispectral True Temperature Inversion

ZHANG Fu-cai" *, SUN Bo-jun', SUN Xiao-gang'" , LIANG Mei'
1. School of Instrumentation Science and Engineering, Harbin Institute of Technology, Harbin 150001, China

2. School of Electrical and Control Engineering, Heilongjiang University of Science and Technology, Harbin 150022, China

Abstract The spectral emissivity is an important parameter of the radiant capacity of the radiator. Through the spectral
emissivity, the relationship between the radiator and the blackbody can be setup. Therefore, the theory of the blackbody
radiation can be applied to the general radiator. By using the planck formula, each spectral channel of a spectral pyrometer can
constitute an equation, which includes the true temperature, the brightness temperature and the spectral emissivity. There are
Nmeasurement channels, but N+1 are unknowns (Nunknown emissivities ¢; and a temperature T). Because the equations are
under determined, there are many solutions in theory. In order to solve this equation group, the assumption of mathematical
model between the spectral emissivity and wavelength or temperature is required and the number of unknown numbers of the e-
quation group is reduced to N, and then the true temperature can be solved. When the law of the spectral emissivity and wave-
length or temperature is correctly obtained, the true temperature can be calculated by multispectral radiation thermometry.
Through the analysis of the two commonly the spectral emissivity models. the basic idea of the two methods is to try to find the
relationship between the spectral emissivity and the wavelength or the temperature and establish the mathematical model between
the spectral emissivity and the wavelength or temperature. Because the spectral emissivity has certain uncertainty, the assumed
spectral emissivity model is inconsistent with the variation rule of the actual the spectral emissivity, which will cause larger in-
version error. The mathematical model between the spectral emissivity and the wavelength or temperature is needed a lot of ex-
periments and experiences, and the mathematical model is poor in generality. Especially when the measured radiator is changed,
the mathematical model is also meaningless. In order to solve the problem of multispectral pyrometer in actual measurement, it is
an urgent need to find a multispectral true temperature inversion method which does not have to assume the mathematical model
between the spectral emissivity and the wavelength or temperature. Therefore, the idea of optimization is introduced into the
multispectral true temperature solution for the first time, and the problem of multispectral true temperature is transformed into a
multi objective minimization optimization problem (MMP). The mathematical model between the spectral emissivity and wave-
length or temperature is no longer needed, and the complexity and the difficulty of the system is reduced. Based on the planck
formula and equality constrained conditions among spectral emissivities, the method constructs six objective functions and the so-
lution of true temperature is realized. The inversion accuracy of new method is greatly improved, and the error of simulation data
is less than 1%. With the aid of the actual measurement data in the past, the multi objective planck minimization optimization

method is used to realize the inversion of the true temperature.
Keywords Emissivity; Multispectral; True temperature; Optimization
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