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Integration time as variable for radiometric calibration
of infrared system

Luo Maojie'?, Zhou Jinmei?, Fu Jingneng®?, Liao Sheng*

(1. Institute of Optics and Electronics, Chinese Academy of Sciences, Chengdu 610209, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Radiometric calibration is very important for radiation characteristic measurement of the
infrared system. The indirect calibration system was adopted, which was equipped with the collimator
collected with the area blackbody as the extended radiant source. Firstly response model of the infrared
focal plane arrays and the response characteristics related with the blackbody radiation and integration
time were analyzed. Then through the least square fit method, response function of pixel respon gray
value versus target radiation and integration time was demonstrated. Finally, the response function at
different ambient temperature was compared with the former function, which further verified the
effectiveness of the equation. This method can simplify the calibration process and save time. Besides, the
calibration equation can be used to conduct quantitative analysis on impact factors of the calibration, and
measure radiance in a wide dynamic range.
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Fig.1 Calibration system with indirect extension
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Fig.2 Response curves of target radiance
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Fig.3 Mean gray value versus integration time
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Tab.1 Database

Cimee tompotun e RadineeW-me O
250 5-240 1.35-332 16
600 5-220 1.35-253 10
1500 5-160 1.35-97.6 12
3150 5-100 1.35-28.5 9
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Tab.2 Comparison of errors’ square sum(ESS)

Integration Weighted ESS before weighted ESS after weighted
time/ps value value added/DN value added/DN

250 12.6 2462 398
600 5.25 8954 5653
1500 2.1 5535 12 228
3150 1 4424 8727
Sum/DN 21376 27 006
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Tab.3 Ratio of gray value of fitting terms (S)

Time/ms 0.25 0.25 1.5 1.5
T/T 5 240 5 160
S/DN 2504 8398 5082 15 657

asxMext., /S% 0 0.08 0 0.13
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agxt, IS% -0.13 -0.04 -2.37 -0.77
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axMt,/S% 1.07 78.57 3.17 74.31
sxtiy/S% 20.32 6.08 60.30 19.52
axME/S% 0 4.83 0 0.22
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a,/S% 78.78 23.55 38.96 12.62
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Fig.5 Relative fitting residual versus radiance in different

integration times

R 5 B A I T Fm o

F(M, t) =asxt M+ axtuM+aext, +a:xtu+a,  (9)
K asx Mt +axMti, R AE T 5 B br 56 55w L 5 K
FE SR (ARG ST T) s apxt,, +asxty 0T T 35 5410
S B N B A T A A ) g K R
FRITCRF o 26 S5 e 7 ) o



40 sk A2

% 42 %

Wi 137 B i E A S ) 28 {4 RRate T R8O
RRate(M, tiy)=2%xasxt,M+a,;xM (10)

3 AEMEEE THIMMEERILER

A4 R WA IRBE IR T A 1 A A L 1) 5 b
FEUE . A5 1N R A0 B AR IR R A B
BN 1 Win, W 2 s B RIRE S 25 °C, 3
FE U BE Ry 24.45 °C 5 ffi FHAHTE i B b5 AR RN E Arke
B ORRE [) DX A A5 T 4T 0 I A8L 5 R B 5 S B R A1
IR EE 5 Tt 20 °C, HAx 8 S A TR], 36 35 2414k
i B AAFE R /N T 1%, X405 B 0.999 9,

R4 AEDNREERETHERRE
Tab.4 Calibration coefficients for different ambient

temperatures

Coefficient 1 2
as -72.48 -88.31
as -0.007 7 -0.009 1
W 73.51 71.60
as 2088 2 497
a, 1966 1954
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