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Fig. 1 Experimental verification schematic diagram
®1 SEZRETEIMNVERENBEEE
Table 1 Voltage of each measurement channel at reference temperature
LA 2@Ek 3SEEKRK 4@EE¥EK  SEENK 6@k  THEKK SEEMEK
PLNER NS PN PR PN Ko PN NS
BHRWEA/ pm 0. 587 0. 602 0. 620 0. 640 0. 660 0. 683 0.710 0.743
R/ V 0.020 4 0.027 1 0.031 0 0.037 9 0.047 8 0.049 3 0.053 6 0.059 3
®2 LENEPENEBENEEE
Table 2 Voltage of each measuring channel in actual measurement
VRS 13 T8 HL R 2 i L 3 i JE L 4 3 JE 5 Ji iE L IR 6 il 18 HLJE 7 3l JE L TR 8 i i
T /V /v /V /v /V /v /V
1 0.026 9 0.035 6 0.040 5 0.049 5 0.062 3 0.064 1 0. 069 8 0.077 5
2 0.040 5 0.053 0 0.059 6 0.071 9 0.089 5 0.091 1 0.097 8 0.107 0
3 0.046 9 0.061 2 0.068 5 0.082 3 0.102 0 0.103 3 0.110 4 0.120 2
4 0.056 5 0.073 4 0.081 8 0.097 7 0.120 5 0.121 3 0.128 9 0.139 4
5 0.026 6 0.034 4 0.038 2 0.045 3 0.055 4 0.055 1 0.057 6 0.060 9
6 0. 040 0 0.051 3 0.056 1 0. 065 8 0.079 6 0.078 2 0.080 7 0.084 1
7 0.046 3 0.059 1 0.064 5 0.075 3 0.090 7 0.088 7 0.091 1 0.094 5
8 0.055 9 0.071 0 0.077 0 0.089 4 0.107 1 0.104 3 0.106 4 0.109 5
9 0.034 1 0.045 6 0.053 5 0.059 6 0.064 5 0.0557 0.044 3 0.031 8
10 0.051 2 0.067 8 0.078 7 0.086 7 0.092 7 0.079 1 0.062 1 0.043 9
11 0.059 3 0.078 3 0.090 4 0.099 1 0.105 6 0.089 7 0.070 1 0.049 3
12 0.071 6 0.093 9 0.107 9 0.117 7 0.124 7 0.105 4 0.081 8 0.057 2
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Table 3 Inversion results of true temperature

45 YN By SMM ik 2 i SMM 2 ) ji# SMM 2 J j# IMO ¥ J2 i IMO ¥ [ i IMO ¥ 2 i
EIRe FR /K iR /K R/ % f ) /s R /K B i) /s w"E/%

1 1 260.5 1255.1 —0.43 52.653 7 1253.1 2.924 9 —0.59

2 1287.5 1 280.8 —0.52 55.543 6 1279.8 2.923 0 —0. 60

3 1297.5 1291.4 —0.47 52.684 8 1289.8 2.598 3 —0.59

4 1310.5 1315.0 0. 34 54.129 4 1302.7 2.962 8 —0. 60
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gk 3
5 1 260.5 1258.9 —0.13 57.763 2 1248.0 2.543 6 —0.99
6 1287.5 1284.3 —0.25 55.698 4 1270.5 2.795 9 —1.32
7 1297.5 1299.3 0. 14 51.574 3 1277.3 2.436 6 —1.56
8 1310.5 1301.1 —0.72 53.656 7 1305.7 2.754 3 —0. 37
9 1 260.5 1254.3 —0.49 60. 753 2 1261.5 2.632 4 0.08
10 1 287.5 1 280.8 —0.52 56.352 1 1291.4 2.834 6 0. 30
11 1297.5 1302.3 0. 37 56.978 5 1 298.4 2.896 4 0.07
12 1310.5 1 306.8 —0.28 57.344 5 1311.2 2.865 2 0. 05
4 ORWRHERRER
Table 4 Inversion results of spectral emissivity
WS LA R 2 @EASR  SEEAMNE 4WERNE SEMEASE AR THEERNE  SEERHE
1 0.708 1 0.716 4 0.725 2 0.738 4 0.749 7 0.762 0 0.778 8 0.799 7
2 0.709 1 0.716 6 0.725 3 0.737 9 0.749 4 0.762 7 0.778 9 0. 800 0
3 0.707 9 0.716 1 0.724 5 0.737 2 0.748 5 0.761 4 0.777 8 0.799 3
4 0.706 2 0.714 6 0.723 6 0.736 1 0.747 7 0.760 3 0.777 0 0.798 6
5 0.751 9 0.742 1 0.7317 0.721 4 0.710 3 0.696 3 0.681 7 0.664 8
6 0.805 0 0.794 6 0.779 0 0.767 3 0.754 4 0.738 0 0.721 2 0.701 9
7 0.841 5 0.828 9 0.813 3 0.799 8 0.785 2 0.766 9 0.748 4 0.727 7
8 0.669 3 0.662 8 0.653 9 0.647 4 0.639 6 0.629 9 0.618 9 0. 606 3
9 0.788 0 0. 808 2 0. 846 8 0.788 9 0.691 3 0.592 0 0.443 8 0.296 0
10 0.754 9 0.775 4 0.814 0 0.760 0 0.666 2 0.571 4 0.429 1 0.286 6
11 0.789 0 0.810 1 0.848 4 0.790 7 0.692 7 0.593 2 0.445 0 0.296 7
12 0.791 7 0.811 2 0.849 9 0.792 5 0.693 9 0.594 6 0.445 6 0.297 5
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Fig. 2 Variation of spectral emissivity with the wavelength

(a): JB9 attenuator; (b): QBI18 attenuator; (c): LB6 attenuator
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Multispectral True Temperature Inversion Based on Multi-Objective
Minimum Optimization Principle of Reference Temperature

ZHANG Fu-cai" *, TANG Wei', SUN Xiao-gang”"
1. School of Electrical and Control Engineering, Shaanxi University of Science and Technology, Xi’an 710021, China
2. School of Instrument Science and Engineering, Harbin Institute of Technology. Harbin 150001, China

Abstract Multispectral thermometry is a process of retrieving the true temperature of radiators by measuring the information of
multispectral radiations and using related theories and algorithms. The solution of spectral emissivity is still the key and
difficulty in multispectral thermometry. Theoretically, it is necessary to know enough spectral information to obtain the true
temperature of the radiator. Considering that the spectral emissivity of actual radiators at different spectrum and temperatures
are usually inconsistent, and the solution of spectral emissivity is an unavoidable problem in non-contact radiation temperature
measurement, it is of great scientific significance and application value to carry out the research on the solution of multispectral
emissivity and the inversion methods of true temperature. After decades of development, the solution spectral emissivity can be
generalized into four types of models. One is the grey body hypothesis model, which considers that spectral emissivity is a
constant or its change can be neglected in the process of temperature inversion; the other is the wavelength hypothesis model,
which considers that there is a certain relationship between spectral emissivity and wavelength in the process of temperature
inversion. Thirdly, the true temperature hypothesis model, which considers that there is a certain relationship between spectral
emissivity and true temperature in the inversion process of the true temperature, and establishes a model between spectral
emissivity and true temperature and realizes the inversion of true temperature with iteration method; Fourthly, the establishment
of a neural network model, which achieve true temperature inversion by the neural learning network. Based on the uniqueness of

true temperature and the analysis of different hypothetical models, thethesis tries to find a generaltrue temperature inversion
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method without the hypothesis of spectral emissivity model and carries out the research work with multispectral true temperature
inversion method as the core. The paper summarizes the characteristics of traditional multispectral true temperature inversion
theories and methods. In view of the complexity of selecting the spectral emissivity model in the existing multispectral true
temperature inversion process, a true temperature inversion method based on the constrained optimization principle of single
objective function minimization is proposed. This method does not need to assume the spectral emissivity model and convert the
true temperature solution problem into an optimization problem to solve the minimum of the objective function. By using a
blackbody furnace and adding a filter with known spectral emissivity at the output port of the blackbody furnace light source to
simulate the radiation source, the true temperature inversion of multispectral pyrometer based on minimum optimization method
is realized. Compared with the traditional second measurement method, under the same initial conditions and compared with the
original second measurement method proposed by the research group. the new method has the same inversion accuracy as the

second measurement method, but the inversion speed has been greatly improved.

Keywords Optimization; Multispectral; Emissivity; True temperature
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