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Table 1 Voltage of each measurement channel at reference temperature
IRCEERES 2 E AWK 3 3 A P K 4 B MK 5 38 1 P K 6 JEE MK 7 3 IE P K 8 JEHE K
BHREAK/ pm 0.574 0.592 0.623 0. 654 0.698 0. 748 0. 826 0.914
fiy ML /mV 39. 4 139.7 117.5 363.7 345.0 493.9 320. 7 406. 7
2 EREVNEHENNVEBENBE
Table 2 Voltage of each measuring channel in actual measurement
i 1 3 38 R 2 JH 3 R 3 3H 3 L TR 4 38 JE HL 5 38 1 HL 6 38 A L 7 W H R 8 i WL IR
R /mV /mV /mV /mV /mV /mV /mV /mV
1 46. 3 254. 1 165. 3 481.5 367.8 495.0 273.7 323.5
2 46. 3 254. 1 170. 2 476. 6 372.7 500. 0 278. 6 328. 4
3 46. 3 244. 2 165. 3 471.6 362. 8 495.0 268.7 323.5
4 46. 3 249.1 170. 2 481.5 372.7 509. 9 283. 6 333.4
5 46. 3 249.1 160. 3 471. 6 362. 8 490. 1 268.7 318.5
6 46. 3 244. 2 160. 3 461.7 352.9 480. 2 253.9 303.7
7 41.3 234.3 155.4 456. 8 343.0 465. 3 248.9 293.8
8 46. 3 244. 2 160. 3 461.7 352.9 475. 2 253.9 298.7
9 41.3 239.2 155. 4 461.7 343.0 470. 3 253.9 303.7
10 41.3 239.2 155. 4 456. 8 343.0 470. 3 248. 9 298.7
11 41.3 234.3 155. 4 451. 8 333.1 460. 4 239.0 293.8
12 41.3 239.2 155. 4 456. 8 343.0 470. 3 248. 9 298.7
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Table 3 Inversion results of true temperature
I 2 5 SMM 2 J5 i 45 51 /K SMM {2 5 i i 8] /s IMR ¥ J i 45 2R /K IMR % J5 i I [7] /s B R )/ o
1 2 504. 1 55.187 1 2 501. 4 2.4356 95.59
2 2 506. 8 59.674 9 2 487.3 2.598 6 95. 65
3 2 498.4 55.682 1 2 476.8 2.876 1 94. 83
4 2 505.0 56.445 0 2 482.3 2.684 2 95. 24
5 2499.9 65.348 7 2484.3 2.986 2 95. 43
6 2493.3 60. 966 1 2 479.3 2.502 3 95. 90
7 2 482.3 55.897 6 2471.3 2.636 4 95. 28
8 2 490. 1 58.387 5 2 476.8 2.702 7 95. 37
9 2 485.3 60.672 9 2471.7 2.5356 95. 82
10 2 483.8 60. 895 3 2471.9 2.788 1 95. 42
11 2 481.3 63.985 4 2 466. 6 2.643 2 95. 87
12 2 485. 8 58.982 1 2471.9 2.739 6 95. 36
R4 RERFEREFR
Table 4 Inversion results of spectral emissivity
Wik gis  VEERG R 2R R SERN R AEERNE  SEEASE  6MELSE THERSE 8 kYR
1 0.383 5 0.613 9 0.500 9 0.494 8 0.4237 0.423 4 0.390 7 0.392 2
2 0.406 0 0.648 8 0.543 6 0.514 9 0.450 0 0.446 8 0.413 8 0.412 7
3 0.423 7 0.649 9 0.549 2 0.529 0 0.4537 0.457 1 0.411 1 0.417 6
4 0.414 2 0.648 6 0.553 8 0.529 5 0.457 5 0.462 7 0.427 2 0.424 3
5 0.410 9 0.643 6 0.517 7 0.5150 0.442 4 0.442 0 0.402 5 0.403 3
6 0.419 6 0.643 8 0.527 8 0.513 5 0.437 8 0.440 1 0.3859 0.389 6
7 0. 386 5 0.637 3 0.527 1 0.522 6 0.436 9 0.437 1 0.386 8 0.384 6
8 0.4237 0.649 9 0.532 5 0.517 9 0.441 3 0.438 8 0.388 5 0. 385 6
9 0.385 9 0. 649 6 0.526 3 0.527 5 0.436 3 0.441 3 0.394 2 0.397 2
10 0. 3855 0.648 9 0.525 8 0.521 4 0.436 0 0.440 9 0. 386 1 0. 390 4
11 0.394 1 0.649 3 0.536 5 0.525 7 0.431 1 0.439 0 0.376 4 0.389 3
12 0.385 5 0.648 9 0.525 8 0.521 4 0.436 0 0.440 9 0.386 1 0.390 4
0.65 1 Hi 22 3 Al Jy k B T8 1 45 2R 1 0F LE T 0, D O vk 1Y
RARAE R AR W), #RAEHIRE L 2 490. 0 Ky 7E 52 i 1 i)
0.601 e T b O AR AE 60 s e TR T 5L
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Fig. 1 Variation of spectral emissivity with the wavelength
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Multispectral True Temperature Inversion Based on Multi-Objective
Minimum Optimization Principle of Reference Temperature (IMR)

ZHANG Fu-cai'" *, LIU Yun-gang', 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 Multi-spectral radiation thermometry is a non-contact temperature measurement method which can retrieve the true
temperature of the radiator. The method collects the brightness and temperature information of the target under different wave-
lengths and retrieves the true temperature of the target using related algorithms. Multi-spectral pyrometer is one of the most im-
portant measuring tools to retrieve the true temperature of the target by this method. After nearly half a century of unremitting
efforts and exploration, many scholars at home and abroad have made considerable progress. Because the spectral emissivity is
less than 1, the true temperature of the target can not be measured directly by using a radiation pyrometer. Only by processing
the wavelength and brightness temperatures of multiple spectral channels and using the processing technology of multi-spectral
radiation temperature measurement data can the true temperature of the target be obtained. In the process of true temperature in-
version, it is generally necessary to find the functional relationship between spectral emissivity and wavelength or temperature
variables, and replace spectral emissivity with expressions containing wavelength or temperature variables. This method lacks
sufficient theoretical support for model selection. For non-professionals, it is difficult to select a suitable spectral emissivity mod-
el. The solution to the equation is realized. Because of the instantaneous variability of spectral emissivity, there are always some
differences between the assumed spectral emissivity model and the actual spectral emissivity, which may lead to large errors in a

true temperature inversion. In addition, the mathematical model between spectral emissivity and wavelength or temperature vari-
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ables needs a lot of experiments and experience to determine. This mathematical model has poor generality, especially when the
radiator to be measured changes; this mathematical model loses its significance. Therefore, it is an urgent need to find a univer-
sal multi-spectral true temperature inversion method without assuming a mathematical model between spectral emissivity and
wavelength or temperature. For each spectral channel of a multi-wavelength pyrometer, the measured data of each spectral chan-
nel satisfies a mathematical equation, and for each spectral channel, an undetermined system of equations can be formed. In or-
der to solve this system of equations, the idea of optimization is introduced into the process of multi-spectral solution. A multi-
spectral true temperature inversion method based on multi-objective minimum optimization principle of reference temperature is
proposed. The problem of solving multi-spectral true temperature is transformed into a multi-objective extreme value optimiza-
tion problem, and the inversion of true temperature and spectral emissivity without assuming the spectral emissivity model is re-
alized. Compared with the traditional quadratic measurement method. the new method has the same inversion accuracy as the
quadratic measurement method, but inversion speed has been greatly improved. With the help of the true measurement data
measured by previous scholars, the inversion of true temperature and spectral emissivity is realized by using the multi-spectral
true temperature inversion method based on the multi-objective minimum optimization principle of reference temperature. The
new method has greatly improved the inversion speed. With the help of the true measurement data of plume temperature of solid
rocket motor in the past, the inversion of true temperature is realized by using a multi-objective minimum optimization method

based on reference temperature.

Keywords Optimization; Multispectral; Emissivity; True temperature

(Received Mar. 1, 2019; accepted Jul. 14, 2019)

* Corresponding author





