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Measurement of Infrared Radiation Characteristics of Ship
Based on Reference Source Method

Liu Xinming'™, Li Zhou*, Chen Deming', Cai Lihua*, Wang Qianxue'
" China Satellite Maritime Tracking and Controlling Department » Jiangyin s Jiangsu 214431, China;
* Changchun Institute of Optics s Fine Mechanics and Physics s Chinese Academy of Sciences
Changchun , Jilin 130033, China

Abstract The measurement of infrared radiation characteristics of ship and coastal targets is among the most
important components of target infrared radiation characteristic measurements. The traditional ground model
corrects only the atmospheric transmittance, so the measurement error of the target cannot meet the measurement
requirements of infrared radiation characteristics. This study proposes a method that measures the target radiation
characteristics based on reference sources to maximize the measurement accuracy. Experiments for infrared radiation
characteristic measurements are conducted near the coast by using a long-wavelength infrared radiation characteristic
measurement system with an aperture of 600 mm. Experimental results confirm that the proposed method reduces
the radiation measurement error to 4. 31% , which is higher than the inversion accuracy of the traditional method.
Key words detectors; infrared; measurement of infrared radiation characteristics; radiation calibration;
atmospheric transmittance; atmospheric attenuation
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Fig. 1 Principle of measurement for infrared

radiation characteristics of ship
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Fig. 2 Large-aperture infrared radiation characteristic
measurement system
1
Table 1 Indexes of in frared radiation characteristic measurement system
Aperture / Focal /  Wavelength /  Pixel B . Pixel Refrigeration  NETD / Frame
mm mm pm number size /pm mode (107* K)  number /Hz
600 1200 7.7~9.3 640X512 2 14 15 Stirling 25 100
2
Table 2 Parameters of calibration blackbody
Size /(mm X mm) Emissivity Uniformity Temperature /°C Voltage /V Power /kW
700 X700 0.97 0.1 0-600 380 10
. ¢ (100,150, . 3 ,
200,300,350 ps) , .
30~110 C, 10 C, 3 . . .
. 3 . . 0.51%,
4 . 4 .
. 10% o
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3
Fig. 3 Results of radiation calibration with

different integration time

4 o (a) t= 350 ps;
(b) t=300 s ;(C) t =200 ©S; (d) t=150 US;

(e) t=100 us

Fig. 4 Calibration error under different integration time.

(a) t= 350 s (b) t=300 s (c) t=200 §ss

(d) t=150 1S (e) t=100 us
. 15 C,
4

3
Table 3 System average calibration errors under

different integration time

t/ps 100 150 200 300 350
Average calibration

0.48 0.51 0.46 0.46 0.45

error /%
23 kmv
870 m, )
s 5 o
, 4 .

5

Fig. 5 Experimental scene for infrared radiation

characteristic measurement

MODTRAN, Tatm

meh ’
Tam = 0. 9260
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Table 4 Basic condition of outfield test

(€]

Temperature /°C  Atmospheric pressure /Pa Relative humidity /%  Visibility /km

Distance /m  Elevation angle /(°)

15 8. 56X 10" 23 870 0
5 ,
Table 5 Corrected data of infrared atmospheric transmission
t/ps Tatm Lyt/(W e m™ ¢ sr7 1) y 6 .
100 0.7166 3.1560 6 ,
150 0.7421 3.1670
200 0. 7272 3.0459 ’
300 0. 7345 3.0150
350 0.7414 3.2780
Average 0.7323 3.1323 ’
s o
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6

Fig. 6 Results of infrared inversion by different methods
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