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Infrared Multispectral Radiation-Temperature Measurement
Based on RBF Network

XI Jianhui, JIANG Han
(School of Automation, Shenyang Aerospace University, Shenyang 110136, China)

Abstract: An infrared temperature-measurement method based on a radial basis function (RBF) neural
network is established in the case of unknown target emissivity. First, the strong nonlinear relationship
between the target temperature and the peak of the radiance curve and its wavelength is derived. The inputs
to the neural network are determined. Then, according to the RBF network, sample data are studied, and a
target radiation-temperature-measurement model is established. The model does not require emissivity. A
blackbody and steel plate target are used as test targets to prove the proposed method. The maximum relative
error of the temperature of the blackbody is 0.016% and that of the steel plate is 1.08%. These results verify

the rationality of the established temperature-measurement method.
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Fig.3 Spectral radiometer
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Table 1 Partial data of wavelength and brightness value at the

peak point of blackbody at different temperatures
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Table 2 Blackbody temperature measurement results

Peak point
Serial Tempe- Peak point )
. radiance/
No. rature/’C  wavelength /um
(W/(cm2sr-pum)

1 80 8.238095238 0.002205049
2 83 8.121693122 0.002300349
3 85 8.121693122 0.002365628
4 88 8.034391534 0.002466433
40 178 6.433862434 0.00750293
41 180 6.375661376 0.007670298

180 —#— Actual temperature
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Fig.4 Simulation results of black body temperature
measurement
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) Real Measuring .

Serial Relative

number tempeerature temperaature error

T/°C T./C

85 84.9922 0.009%

103 103.0101 0.009%

115 114.9891 0.009%

1 130 130.0125 0.009%
145 144.9837 0.011%

160 159.9883 0.007%

175 175.0286 0.016%

38 87.9908 0.01%

98 97.9905 0.009%

110 109.9837 0.014%

2 128 127.9908 0.007%
140 140.0076 0.005%

158 157.9976 0.001%

173 172.9813 0.01%

93 92.9901 0.01%

113 112.9950 0.004%

125 125.0074 0.005%

3 143 143.0125 0.008%
155 154.9932 0.004%

168 167.9803 0.011%

178 178.0123 0.006%
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Fig. 5 The target plate
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Table 3 Partial data of wavelength and luminance at peak point

of target steel plate at different temperature

Peak point Peak point
Serial ~ Tempera-
wavelength radiance
No. ture/C 5
/um /(W/(cm®-sr-pm)
1 80 8.2963 0.0018367
2 83 8.2672 0.0018896
3 85 8.209 0.0019358
4 88 8.1508 0.002019
40 178 6.8122 0.0044339
41 180 6.7831 0.004494
180 —#— Actual temperature 4
S~ Output temperature by RBF network o i
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Fig.6 Simulation results of steel plate temperature measurement
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Table 4 Relative error of steel plate temperature measurement

results
. Real Measuring .

Serial Relative

No. temperature temperature error

T/C T/ C

85 84.9811 0.02%

103 102.9225 0.07%

115 115.5563 0.48%

1 130 129.1998 0.42%
145 144.9440 0.038%

160 161.0514 0.66%

175 174.1334 0.5%

88 87.8257 0.2%

98 98.1490 0.15%

110 109.8882 0.1%

2 125 126.2213 0.98%
140 139.9703 0.02%

158 158.1216 0.07%

173 172.9088 0.05%

90 90.4474 0.5%

100 98.9166 1.08%

118 118.3305 0.28%

3 133 133.4950 0.37%

148 149.0446 0.7%

163 163.5587 0.34%

178 178.6769 0.38%
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