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Abstract In order to improve the imaging performance and image quality of space cameras with an optical focal
plane assembly, the radiometric calibration researches in the whole develop process of the space cameras are
conducted which include the radiation response performance analysis. the radiometric calibration and screening of the
image sensors, the focal plane radiometric calibration, the system-level radiometric calibration, and the applications
of radiometric calibration data. The radiometric calibration experiment is conducted for the space cameras with a
reflector-based mosaic focal plane. The results show that the vignetting can be effectively eliminated when the image
is corrected by using the relative radiometric correction coefficient, and the nonuniformity of the image decreases
from 14.1% to 0.4% with an obvious enhancement in the image quality. Moreover, the radiometric response
difference between the image sensors is reduced by utilizing the screening of the image sensors and the radiometric
calibration of focal plane components, and the relative calibration uncertainty is less than 1.0% .
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Table 1 Parameters and expressions of average radiometric responsivity
Parameter Expression
A=
Zeroth moment M, M, = J RQ)da
1=0
A=
First moment M, M, = J AR () da
A=0
Second moment M, M, = J APR () da
A=0
Center wavelength A¢ Ae=M,/M,
Variance ¢* o’ =M,/M,—2¢
Short wavelength limit A, Ai=lc 30
Long wavelength limit A, X=Ac+V30
Bandwidth AX M =235
Average radiometric responsivity R, R.,=M,/A\
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Fig. 1 Schematic of focal plane radiometric calibration device
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Fig. 2 Principle diagram of spectral calibration device
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Table 2 Calibration results of image sensors
Radiometric responsivity Saturation irradiance
CCD number CCD serial number
/(DNeW 'em?) J(Wem™ %)
CCD 1 8652 1538.9 0.5078
CCD 2 8644 1535.5 0.5083
CCD 3 8657 1527.9 0.5051
Relative deviation 0.30% 0.27%
3.3
s s 1
ccb1 ccbz2 , 2 cCb3 .
) ; CCD
o s s s
CCD o
2 , 3 cCb 8657 CCDs3 s CCD
0.5051 Wem™* o 3. ,
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3
Table 3 Calibration results of focal plane components
Saturation irradiance Saturation irradiance
CCD number CCD serial number before circuit after circuit
adjustment /(Wem™%) adjustment /(Wem %)
CCD 1 8652 0.4822 0.5054
CCD 2 8644 0.5082 0.5046
CCD 3 8657 0.4917 0.5051
Relative deviation 2.2% 0.7%
3.4
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Fig. 5 Spectral response curves of camera
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Table 4 Spectral calibration results of camera

Spectrum Out-of-band
Short wavelength /nm Center wavelength /nm Long wavelength /nm
band number responsivity
B 448 494 528 1.01%
G 511 563 614 0.47%
R 625 662 700 0.67%
IR 765 831 895 0.06 %
P 523 708 896 0.01%
3.5
6 , CCD2 4 ,
857 658 468 139 42 SYs-1
881 676 481 143 42 Rys-
= X [60.01 45.11 32.07 9.76 2.80], (9
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Fig. 6 Radiometric response curves of four pixels in panchromatic band
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Table 5 Radiometric calibration parameters of panchromatic camera

Parameter Pixel 1 Pixel 2 Pixel 3 Pixel 4
Responsivity /(DNeW ' em?esr) 14.5 14.6 14.7 14.7
Gray level of dark noise /DN 1.51 1.51 1.52 1.51
Linear correlation coefficient 0.9997 0.9995 0.9995 0.9995
Saturation radiance /(Wem ?esr™ ') 70.5 70.1 69.6 69.6
Dynamic range 677 677 673 677
Saturation irradiance /(Wem™ %) 0.506 0.503 0.499 0.499
) , 7 o
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Fig. 8 Curves of pixel gray level before and after radiometric correction
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Table 6 PRNU before and after radiometric correction

Image Average gray value Standard deviation of gray value PRNU
Before correction 447.5 63.0 14.1%
After correction 507.3 2.1 0.4%

9 . (@ 3 (b)
Fig. 9 Calibration images before and after radiometric correction. (a ) Vignetting image before relative radiometric correction ;

(b) image after relative radiometric correction

10 . () ;(b)

Fig. 10 Scene images before and after radiometric correction. (a ) Original vignetting image before

relative radiometric correction ; (b) image after relative radiometric correction
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