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Abstract; When infrared standard stars are used in radiation calibration for a ground-based large-aper-
ture infrared photoelectric system, it can not determine the radiance responsivity of each pixel and
shows a poor adaptability for non-uniformity of the system. To solve this problems, a combined radio-
metric calibration method based on infrared standard stars and the small-aperture blackbody was pro-
posed. The infrared standard stars were taken as an outer reference source to calibrate the radiance re-
sponsivity of the total optics,and the blackbody was taken as the inner reference source to calibrate the
radiance responsivity of the partial optics. Finally, the transmittance of the front optics was calculated
based on the inner and outer calibration results, and the radiance responsivity of the total optics was
calibrated in pixel levels. Several experiments were performed to inverse the illuminance of the infra-

red stars. The results show that the maximum relative inversion error of the proposed method is
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15.89% and that from infrared standard star calibration is 15. 92%, which means that the proposed

method keeps more accurate than that of the infrared standard star method. Moreover, the radiance

responsivity of the total optics corresponding to each pixel is calibrated, and the results indicate that

the proposed method overcomes the interference of system non-uniformity, improves the utilization ra-

tio of the focal plane array and makes up the application defect of standard infrared stars.

Key words: infrared photoelectric system; combined radiometric calibration; infrared standard stars;

small-aperture blackbody; infrared radiation feature
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Tab.1 Parameters of total optical system

Frame frequency Integral time Wave band Size of pixel
25 Hz 6 ms 3.7~4.8 pym 30 pm
Resolution Aperture F# Focus
320X 256 1.2 m 4 Infinity
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Fig. 1 Schematic diagram of radiometric calibration of ground-based large-aperture infrared optical system
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Fig. 2 Schematic diagram of stellar imaging
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Fig. 3 Schematic diagram of direct calibration
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Tab. 2 Parameters of standard infrared stars

Infrared Irradiance  Estimated Measured
Elevation )
star / (Wem %) SNR SNR
HD81797 33°14' 1.243e-014 108. 43 120. 92
HD29139 41°21' 5.714e-014 398.70 411.13
HD98262  46°44' 3.098e-015 22.18 25.33
HD89484  47°31' 7.408e-015 49, 67 63.68
HD89758 59°03’ 8.722e-015 80.92 96.12
HD44478  65°02' 2.398e-014 201. 57 214. 20
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Fig. 4  Fitted curve of calibration data based on

standard infrared stars
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Tab. 3 Calibrated results and data based on standard infrared stars

Atmospheric Irradiance Irradiance 4
Infrared i Gray value ) ) ) Relative
Elevation transmittance J(Wem %) J(Wem %)
star /DN error/ %
(Calibrated) (Theoretical) (Measured)
HD131873 37°34' 873 0.518 2 1.311e-014 1. 508e-014 15. 05
B Umi 38°21' 705 0.524 2 1. 282e-014 1. 204e-014 6.11
HD95689 55°22' 454 0.614 3 7.556e-015 6.619e-015 12. 40
¢ Uma 63°31' 573 0.638 9 8.325e-015 8.022e-015 3. 64
B Gem 74°06’ 700 0.659 0 1.130e-014 9.504e-015 15.92
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Tab. 4 Setting of blackbody temperature

Temperature/°C Radiation/W Gray value/DN
—5.5 1.343e-011 2171
—4 1.437e011 2224
—2 1.572e-011 2295
0 1.718e-011 2375
2 1.875e-011 2469
5 2.132e-011 2607
8 2.418e-011 2773
11 2.736e-011 2935
14 3.087e-011 3133
17 3.476e-011 3350
20 3.903e-011 3574
24 4.541e-011 3894
28 5.261e-011 4315
32 6.704e-011 4730
36 6.986e-011 5230
40 8.007e-011 5710
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Fig. 5 Fitted curve of combined calibration data
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Fig. 6 Radiance responsivity of each pixel
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Tab.5 Experimental data of calibration based on standard infrared stars

W+ 235 SR 49 20 0 5256 B an 3R 5 o,
MODTRAN 44 i 11 55 45 S 45 21 /4 52 56 2085

Atmospheric Irradiance Irradiance )
Infrared ) Gray value . ) Relative
Elevation Transmittance /(W em %) /(W e m™?)
star /DN Error/ %
(Calibrated) (Theoretical) (Measured)
HD131873 37°34’ 873 0.518 2 1.311e-014 1.506e-014 14. 88
B8 Umi 38°21' 705 0.524 2 1.282e-014 1.202e-014 6. 24
HD95689 55°22' 454 0.614 3 7.556e-015 6.617e-015 12.43
. Uma 63°31' 573 0.638 9 8.325e-015 8.010e-015 3.79
B Gem 74°06' 700 0.659 0 1. 130e-014 9. 508e-015 15. 89
#* 6 ET MODTRAN H 4R LIEH T
Tab. 6 Experimental data of calibration based on MODTRAN software
Atmospheric Irradiance Irradiance
Infrared Gray value ) , Relative
Elevation transmittance /(W e+em %) /(W em?)
star /DN error/ %
(Calculated) (Theoretical) (Measured)
HD131873 37°34' 873 0.577 3 1.311e-014 1.351e-014 3.09
B8 Umi 38°21' 705 0.582 8 1.282e-014 1.081e-014 15.70
HD95689 55°22' 454 0.665 5 7.556e-015 6.107e-015 19.18
© Uma 63°31" 573 0.687 8 8.325e-015 7.440e-015 10. 63
B Gem 74°06' 700 0.705 9 1. 130e-014 8. 877e-015 21.47
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W(DN) = /dkue + e « DN, (16)

Horp s anue s arue 23 31 0 21 A G 2% 1 X 38R 3E 1 5]

PR AT SN H 2 s DN i DN A AL T DA

SEE ) e KK FEAE 9 DN AgAhiHE . DN=2 254,

XF5E b B R S T X KOG st R ST A
73 B 21 A0 25 08 DSR2 51 aue = 0. 0424,
R ARAS LT AR 25 1 B SRS B B, 64T T 1 min
JRPBEAE N 5 S 56 . R0 28 WU 25 Hz, BEA
25 5 (et > MKET ) 2 1 500 WT, i FREAZ
K HE X~N( o), &8, p=3114,0=
1.416; )rl[J Eﬂ‘ﬁjﬁ;ﬁﬁﬁﬁfrg aruc — Ux «/Y, 30‘//1:
0.14% . K FEEME DN B A€ £ N u(DN) =
e+ due s DN=3. 28,

PRUELE AN B S5 T Eg, (0 L3S B 22 B
u(Eg)=1.927X10 " B3 375 5 IR A0 by £ Al 42 il
REGEM R RE" WM KT A 0 1) A E B,
W w()=10"=4. 846X 10° rad, ZitE 154850
N JE o AN E BE R

u() =6.128X10" DN/(W « cm™ %), (17)
ola)=ula)/a=6.201%. (18)
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