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Measurement Method of Infrared Radiometric Characteristics for
High-Temperature Small Targets
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Abstract When the target is at high temperature and far from the imaging system, its image on the detector array
occupies dozens of pixels and the output grayscale is easy to saturate. As a result, typical process methods for point-
source target and extended-source target are not applicable any more. To overcome these problems, a measurement
method is proposed measure high-temperature infrared small targets, and the effectiveness of the proposed method has
been validated by experiments in the outfield. First of all, the radiometric calibration formula of measurement system
in high temperature range is built, and the influence of the collimator transmittance on the calibration model is
corrected. Then, according to the fact that the target energy diffuses dozens of pixels but the total energy that reaches
the detector array remains unchanged, a measurement method is proposed to measure the characteristics of high-
temperature infrared small targets. Finally, a ®600 mm infrared radiation characteristic measurement system is
employed to measure the radiation of high-temperature infrared small target in the outfield. Experimental results
indicate that, in consideration of the atmospheric transmittance and path radiance, the proposed method can achieve
high-accuracy measurement for remote high-temperature infrared small targets, and the effectiveness of the proposed
method has been verified.
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Fig. 1 Schematic of near-extended-source method
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Fig. 2 Schematic of small target imaging. (a) Ideal imaging size ; (b ) actual imaging size
3.2
3 o Al s Al o Al
) ) o Ay Ay A,
’ o Al Nl »Az Nz * N1 °
[ ]
target| | |
S N AT
/ ~
117 N
| f |
\ &y
\[ © /1]
N S
TN
IAZ
backgroung
3
Fig. 3 Schematic of handling the infrared small target
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Table 1  Original calibration formulas and corrected calibration formulas
Transmittance Integration time /ms Original calibration formula Corrected calibration formula
1 vy=9.3713x+1380.7414 vy=9.7648x+1380.7414
2% 2 y=19.4722x+2624.2971 y=20.2899x +2624.2971
3 vy=29.0939x+3902.1070 y=230.31562+3902.107
1 y=1239.8615x1+1204.9488 y=41.5354x+1204.9488
10% 2 v =83.32002 +2196.0837 y=86.8188x +2196.0837
3 y=124.5257x+3261.3390 y=129.7548x+3261.339
4.2
s CI SR-800-12HT
50~600 C, 0.97, +0.1 C, 300 mm X300 mm,
760 m , [,=760 m, ,
100 mm X100 mm , 6 o
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mirror L electronics
/‘b’ ‘4"' system
small target } lens \
infrared focal
|:| = o
blackbodyl )
primary mirror
I a |
6
Fig. 6 Schematic of small target radiometric characteristics measurement
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Fig. 7 Image of infrared small target
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Table 2 Radiometric measurement results of high temperature small target
Measurement Error of Measurement
Integration Tempera- Radiance / value of Error of
Transmittance value of temperature /
time /ms ture /°C em Zesr D) Radiance / radiance /%
temperature /°C %
(Wem ™2 esr )

200 197 —1.50 75.91874 72.8515 —4.04
1 300 288 —4.00 259.8459 228.2612 —12.16
400 394 —1.50 623.2651 597.6970 —4.10
200 190 —5.00 75.91874 65.5042 —13.72
2% 2 300 280 —6.67 259.8459 210.1410 —19.13
400 376 —6.00 623.2651 518.6436 —16.79
200 192 —4.00 75.91874 67.4159 —11.20
3 300 284 —5.33 259.8459 218.9849 —15.73
400 374 —6.50 623.2651 511.0230 —18.01
200 192 —4.00 75.91874 67.6893 —10.84
1 300 294 —2.00 259.8459 243.5343 —6.28
400 395 —1.25 623.2651 599.9909 —3.73
200 193 —3.50 75.91874 68.5651 —9.69
10% 2 300 285 —5.00 259.8459 222.7334 —14.28

400 Saturation — 623.2651 Saturation —
200 194 —3.00 75.91874 69.0497 —9.05

3 300 Saturation — 259.8459 Saturation —

400 Saturation — 623.2651 Saturation —

2 19.13%,
6.67 %,
5}
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