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Area array infrared earth sensor heterogeneity non-uniformity
correction design
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Abstract: Aiming at the phenomenon of non-uniformity change caused by on-orbit temperature change of the high-orbit
area array infrared earth sensor, an optical-mechanical implementation scheme for on-orbit non-uniformity calibration is
proposed. The miniaturized, lightweight, and long-life optomechanical system includes calibration blackbody compo-
nents and optical imaging systems. The system includes surface source blackbody, motion control mechanism, and opti-
cal imaging system. Based on the analysis of the necessity and mechanism of system non-uniformity correction, the re-
lationship between the selection and design of surface source blackbody, motion control mechanism and optical system
is studied, and the simulation design of each group of components is realized. Based on the simulation results, the ef-
fects and advantages of system heterogeneity calibration are analyzed and compared. The effect of the heterogeneity of
the system is evaluated by using the orbiting earth imaging data, and the evaluation results show that the requirements

for on-orbit application are met.
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infrared earth sensor (a) the geometric position relationship be-

Schematic diagram of attitude sensitivity principle of

tween, (b) the principle of attitude sensitivity infrared earth sen-

sor and the earth space
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system

Schematic diagram of infrared earth sensor optical
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Table 1 Optical system parameters

Wavelength/pm 14 ~ 16. 25 pm
Field +25°
Entrance pupil diameter/mm 8. 66
Fr# 0.8
Focal length/mm 5.1
Back working distance/mm 7.5
Optical material GE/ZNSE
Total length/mm 21.9
Weight/g 10
TS OIFF, LDMOT 11,50 OEG 15 73,80 0L
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Fig. 3 Modulation transfer function
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Fig. 4 Radial energy distribution curve
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Fig. 5 Uniformity curve of image surface illuminance
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Fig. 6 Working principle diagram of calibration components
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Background images at different temperatures (a)
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Table 2 Non—uniformity of detector image at different

temperatures
i 24.83C 27.62C 28.33 C 30.49 C
Bl o)l 0.033 1 0.0328 0.0327 0.0326
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30.4 °C
Fig. 8
27.62 °C, (b) 28.33 °C, (c) 30.4 °C

Corrected images at different temperatures (a)
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Table 3 Non—uniformity of detector image after cor-
rection at different temperatures
LS 27.62C
)3 0.0010

28.33C
0.001 3

30.49 C
0.0020

ZLAI BRI AR AR UL PR A R BT BRERCR
9 AL AP ERBURER AEBUR S A HAR IR 18110



61 HeL AR 7 R AT LR 02 A MR R A A ST e -

S 21 A M BREURR i R AR R H AR R . T HE
B B K AL 2 X AR X5 50 BE 145 SR = s i), BRI Ik
AT - 8] B m b BEHLIE B S0x50 18 2, 115 1L
AR EMG S s B AE S A . Hh R E
PGR AL Jy 21°C, T R AE R 80 24. 83°C. 1
FATLIE ) FEHUR I RS T A% OE B AE Y
SRR, v LA R AR SRR S R
TE 7k B AR BN, IR B T B RS IE SR

K9 AREJSERLIN 8 R A

Fig. 9 Image of the on-orbit detector after correction
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Fig. 10 Image of the ground detector after correction
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Table 4

image and the groud image

Non—uniformity contrast between on-orbit

1# 24
e 0.1214 0.1872
i 18T R 0. 1250 0. 0991
3 #ig

ARICoI T T L1 50 Ml R AU AN [R]85 i R

T AR B AE S AL, Dotk it 1Ok &
GERAR E L 0F , e 1 FE L AT T AR R 21 PR
RS E, 45 R R WIS HAR B9 12 PR IE 18115 15 3
S IE PR AR 2 20 B 85 0y — 25, 3R W21 5 i R AR
i BT E 7 SR AU SE B W R Ik B T AR B A
MIE H 1Y o

References
[1] ZHOU Jun, QIAN Yong. Research on the correction algo-

rithm of the measurement value of the infrared horizontal in-
strument based on the flatness of the earth [J]. Journal of
Astronautics (JAZE Bk 55 o BET HbIsK i 2241 51 (S0
AR LT . FAEIR) ,2003,24(2) : 144—149.

[2] L1 Mao-Deng, JING Wu—-Xing, HUANG Xiang—Yu. Auton-
omous navigation system based on sun—earth—moon orienta-
tion information with earth’ s oblateness correction [J].
Journal of Astronautics (2558 IR, WA T, HIEH
B RBIER ST HB A TR Bk DE A 3 &
fit. FAFEM),2012,33(5) : 577-583.

[3] Mohammed A M S, Benyettou M, Bentoutou Y, et al.
Three—axis active control system for gravity gradient stabi-
lised microsatellite[ J ]. Acta Astronautica, 2009, 64(7-8) :
796-809.

[4] TU Bi-Hai, YAO Ping—Ping, MENG Bing—Huan, et al. Re-
search on non—uniformity correction of detector for direc-
tional polarimetric camera [J]. Acta Photonica Sinica (14
W, WRPENE, HANTE, F . 2 R AR ARSI g R
P VERIERTTE e F 538D , 2020, 49(9):0911002.

[5]SU Yu-Yang, WANG Zhi-Le, LU Min, et al. Nonunifor-
mity analysis and correction of DMD imaging in infrared tar-
get simulation system [J]. Journal of Applied Optics ( 75 i
B, IR0, Bt 55 Z040 HARBLAL R 48 DMD B4
XIS M ML IE . BER ) ,2020,41(5) : 1074~
1081.

[6] LV Bao-Lin-, TONG Shou-Feng, XU Wei, et al. Non—
uniformity correction of airborne infrared detection system
based on inter—frame registration [J]. Chinese Optics (B
M, B, TRAR S BE T ICMER LARZLAME Y )
BOESARR . EDE), 2020, 13(5) :1124-1137.

[7] YIN Jia=Qi, WANG Shi-Yong, ZHANG Rui, et al. Cali-
bration and non—uniformity correction of near—infrared po-
larization detector[J . J. Infrared Millim. Waves (FHEEEL, £
5, K, 25 . T ZLAMIR IR RN &5 A9 E bR S AR 2 2 4
IE. NS Z=REZFR), 2020, 39(2): 235-240.

[8] LI Xiang, LI Jin-Dong, SUN He-Zhi. Influencing factors of
temperature and infrared characteristics of space target [J].
Laser Infrared (Z2 7%, ZREN 7R, IMVESAL, 55 a5 ) H AR IR
JE 5 LUOME VRS Wi N R TE . Bt 5 4T5h ), 2019, 49
(12):1436-1441.

[9] XING Su—Xia. Infrared thermal imaging and signal process-
ing [ M]. Beijing: National Defense Industry Press ( Ji§ 2
E. AMEEEESAE. dJunt: B Tk BT
#t),2011.



