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Analysis of emissivity measurement error and instrument
parameter configuration for multispectral radiometric method
based on slow-change assumption

LUAN Yi-Fei"?, WANG Xiang', GU Luo', LIN Yue'?, YANG Qiu-Jie"?, HE Zhi-Ping"*
(1. Key Laboratory of Space Active Opto—electronic Technology , Shanghai Institute of Technical Physics, Chinese
Academy of Sciences, Shanghai 200083, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: As a key parameter for characterizing the radiation characteristics of objects, emissivity has significant value
in accurate measurement for high-temperature target identification, material modification, and regulation of metal smelt-
ing process. The multispectral radiation method for measuring emissivity has become a research hotspot due to its non-
contact and fast measurement speed advantages, and its measurement accuracy is determined by the solution accuracy of
the underdetermined equation system. At present, the research on the solution accuracy of the underdetermined system
of equations mainly focuses on the error of the equation solving algorithm, ignoring the measurement error of the spec-
trometer itself, which leads to the failure of controlling the system error in a reasonable way. In this paper, based on the
assumption of retardation with wide application range and high measurement accuracy, the influence of the number of
spectral channels and signal-to-noise ratio on the emissivity measurement error under different conditions is simulated.

The parameter configurations of the spectrometer under the corresponding conditions are determined and the effect of
emissivity measurement is experimentally verified. The experimental results show that, using the multispectral radiation
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method based on the slow-change assumption, the number of spectral channels of the spectrometer should be not less

than 400 and the signal-to-noise ratio should not be less than 1000 in order to make the blackbody emissivity measure-

ment error less than 1%. For the targets with complex emissivity changes, the spectrometer should have at least 1 000

spectral channels and signal-to-noise ratios of more than 1 200 in order to make the measurement error less than 1%.

Taking into account the matching relationship between algorithm errors and spectrometer parameters is the key to effec-

tively controlling system errors and obtaining more accurate emissivity measurement results. This provides a new basis

and solution for the precise measurement of emissivity using multispectral radiation methods, which is of great signifi-

cance for the accurate identification of high-temperature targets and related applications.

Key words: emissivity, multispectral radiometry, underdetermined system of equations, FTIR
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Table 1 Simulation results of complex emissivity mod-

el (quadratic function model)

ZIKPE  SNR= SNR= SNR= SNR=l SNR=2 SNR=5
£ 100 300 700 200 000 000

N=50 5.27% 3.92% 3.47% 2.83% 2.46% 2.28%
N=100 3.87% 2.79% 2.43% 1.92% 1.49% 1.39%
N=300 3.43% 2.37% 1.49% 1.08% 0.796% 0.738%

N=500 3.24% 2.02% 1.19% 0.867% 0.657% 0.609%
N=1000 2.93% 1.88% 1.10% 0.826% 0.621% 0.584%
N=4000 2.18% 1.69% 0.986% 0.796% 0.602% 0.572%

K2 ERRHPEEBAFHER (ZRABER)
Table 2 Simulation results of complex emissivity mod-

el (trigonometric model)

—ffi  SNR= SNR= SNR= SNR=1 SNR=2 SNR=5
e 100 300 700 200 000 000

N=50 6.13% 4.68% 4.10% 3.37% 2.95% 2.71%
N=100 4.46% 3.21% 2.89% 2.31% 1.79% 1.63%
N=300 4.02% 2.69% 1.68% 1.32% 0.967% 0.861%
N=500 3.59% 2.28% 1.35% 1.01% 0.786% 0.687%
N=1000 3.38% 2.15% 1.28% 0.953% 0.692% 0.659%
N=4000 2.49% 1.90% 1.11% 0.892% 0.662% 0.638%
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Table 3 Simulation results of complex emissivity mod-

el (logarithmic model)

%1% SNR= SNR= SNR= SNR= SNR= SNR=
PRI 100 300 700 1200 2000 5000

N=50 4.97% 3.82% 3.34% 2.76% 2.41% 2.21%
N=100 3.62% 2.58% 2.36% 1.89% 1.45% 1.32%
N=300 3.21% 2.19% 1.38% 1.07% 0.78% 0.721%

N=500 2.81% 1.82% 1.08% 0.795% 0.646% 0.598%
N=1000 2.63% 1.72% 1.01% 0.754% 0.612% 0.581%
N=4000 1.94% 1.51% 0.883% 0.709% 0.583% 0.564%
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Table 5 Blackbody emissivity experimental calculation results

-1

4em 8cm™ 16cm™

Emissivity calculation error lem™ 2em™
600. 00 °C 2.81%(124.5) 2.56%(198.5)
650. 00 °C 2.39%(254. 4) 2.18%(380.0)
700. 00 °C 2.03%(373.6) 1. 54%(647. 8)
750. 00 °C 1. 72%(567.0) 1.01%(943.6)
800. 00 °C 1.06%(737.0) 0.93%(1109)
850. 00 °C 0.93%(1101) 0. 82%(2219)
900. 00 °C 0. 86%(1504) 0. 78%(2370)

2.11%(284.8)
1. 85%(559. 1)
1. 16%(877.0)
0.91%(1324)
0.80%(2132)
0.76%(2482)
0.67%(3710)

1.92%(413.6)
1. 19%(743. 6)
0.97%(1481)
0. 86%(1859)
0. 78%(2499)
0.70%(2836)
0.55%(4702)

1. 28%(645.2)
1. 06%(1051)
0.89%(1872)
0.71%(3165)
0. 69%(3310)
0. 65%(3742)
0.38%(6814)

Emissivity calculation
error (%)
2.810

6000

2.506
5000

2.203

4000 1.899

1.595
3000

1.291

2000 _
0. 9875

Number of spectral channels

0.6838
1000

1 0. 3800

1000 2000 3000 4000 5000 6000
SNR
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Fig. 8

noise ratio and spectral channel against computational error

Contour plots of blackbody experimental signal-to-
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R 16 em™ (4 nm) , 38 B ECR 375 (1948 BLI G 3E AL
A M H ] IR 3 6 814, 12250 0. 38%, 7EI & &
R A I R 5 2 0 B AR, BRI 1 22 AL
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