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F1 BEFRBIIMEVIBIRSH
Table 1 Typical space thermal infrared cameras parameters
AHAL HJ-2A/B IRS GF-5 VIMI VRSS-2 IRS ASTER TIR
B um 10.6—12.6 8—12.5 10.3—12.5 8.1—11.6
GSD/m 96 40 60 90
NETD 0.11 K@300 K 0.2 K@300 K — 0.3 K@300 K
W 5/km 732 60 30 60
FHAL Landsat 8 TIRS Landsat 9 TIRS-2 CASEarth TIRI Sm Optical 02 IRS
1Bt/ pum 10.3—12.5 10.3—12.5 8—12.5 7.7—10.5
GSD/m 100 100 30 16
NETD 0.05 K@300 K 0.05 K@300 K 0.2 K@300 K 0.1 K@300 K
Wi 5 /km 185 185 300 115

2 AWML R Gedhk

2.1 FAIER

5 K62 02 B TAEAE 778 km (K BH IR A BLIE
BB 98.57, AL EREE AL SMHPLY Hh A5
FHMLEZHARFE bR LR 2.

F2 HOSMENEERARIER

Table 2 The infrared camera key technical parameters

I H S AL SN
Ll /wm 7.7—10.5
GSD/m <16
I 5 /km >115
NETD <0.1 K@300 K
BATEE/K 240—340
AL R >0.15@Z3 MR R
2 X S S AR B <1 K@300 K
AFX 6 ST S8 A BE /% <3
AN Ebit 12
R A/ 8
22 BEEHE

5 K02 02 LI AMHBLR FH A % 7 =X
FI R 1 48 K A HE AR TR O 27 22 58 DE I = M g K 4R
P A Dl £ AR I 8 S B0 i o BE R L | R R R
TR, SCHARNLITA B ARG SE 5K
02 EIMLLAMHNL T EH AR BRI

(1) M2ERGERAPT RO RS, WfEdt
HRGHTRNAA RS, R GEARE 42435 mm,
FEFE 1038 mm, HEF MM 8.67. T RGH
B R ARG, hHEERGENER RS, b
gk R s AR T AR

(2) RFH 8 H 1024x6x2 14 I I B B K % 21
AN #8 D2 AR W 7 1] SR T E 8192 JT I K 4R

PEARIN 2%, BAREH 6 L TDI, W45k, 14
JERSF 20 wmx20 wm (2484 45, 2021).

(3) il ¥R AILIE I 75 i e AT 5 104 ok b 4 Tl 2
B, 4 50k gk e 2s R A8 1%, Forbh gkol
2 2200 K, HRIER 6 2] 80 Ko

(4) RJUFCBE bR %, R R AR
AR R TIE N E A o

(5) 388 sl 25 S AR IR £
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B UL RS TER B LLAMRI &% b MR
R AR R B RO RS, R S AL
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PRaeE, VR AL B i LA K R R B OE
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Fig. 1  The thermal infrared camera model
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Fig. 2 Optical layout
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Fig. 3 MTF curve of the optical system
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Fig. 4 Long array focal plane stitching model
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Fig. 5 Focal plane array model
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(2258 4%, 2008), MHIRFN 80 K T/EIRAEE,
TR &5 N RN I REFAE 2, BB AT
Bo 25 7= A N F7, AT RE 2 X0 F s N, g 4645
PRI 1 R K, S EOM LR L A Ak
MIGAIEAE, AR BT . BT T
XA LA A, fE S OKOGAR 02 B RLL AN
GINSEST Y S AT R Ay e I S R = ey
W, ET AR T LB PRI 2% T T R AR
W Z R R A VC EC BT, B A BT B £ T
Sk a1 S AT S VA A B - N e £ K
SEH 7 R AR A S R T 22 0 AR B 8 R £
80 K T AR N - BEUne 3 frow, wodt i iy AaF

A1 285 R FE PR AN L i A T ARG~ v B I, 30l 3k
SRR A R A (5%, 2022),
#3 RNBTEEHEER
Table 3 Flatness simulation results of the FPA
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Fig. 6 Focal plane array and cryocooler model
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G, M Eh I BB s b akiE i
AITEREIR AL, 5 2R AR 3 MR BOR, PRAE T AR
ARSI B A T B o A T — 2, WV T
FE RN Vo DL HCHA T AR B T 5 2 0 AR AL PR A %
JREEK
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AT EIZR I (Kvamme 28, 2008; Rossin 2%,
2016), PRUEARMEL NS5 i R 2K . (Rl &5
A AR, ARIE AR, A RO T A5
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ARG A MMRR R Z 22 5%, fEWIRT &
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AT (Gracey 55, 2016), RH UG TMG i HA5 5|
BEEALIR Y, SR W 20 4548 43 A R DT Y
i, Rl MSC Nastran FE47 30 4, SR )G 64T
BB ATEAG A Zemax AHHLEEHLIERE /30T, &40
Yk 375 B ADE LS5 F T B R LM R W L 4R b
BOKR .
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R 375 B2 ZH MLARC R 2 AL ¥ J7 58, TEARIR A& SR 20
SMEETH L R B, W PR R IR A SR
HUAR ¥ AL ¥4 BV, ¥8 Bl 2 % 5 A 5 X
LB ST AT HI , BB AS A 58 il ek o7 B ok
b 7 33 < R K O < (A B v s R R i N3 T )
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T 3kt b (IR TR 25 0 2 T BB I, 1 T 37 5 4 B
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SERCR T B rh 4k B SR B AN 8] 7 s,k
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Fig. 7 Three—dimensional model of the lens group
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(1) Beote RGE o s i = T R G
PG E RGP, ol ds, I 2 2R
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(2) 3 TS AL Bl e I8 AR S BN 320157
ARG, WAl EATR AN R 2, T
W14 2% RMS ) Zernike R EXHDE 225115 B 45 540
XFIE, PRIE 3D R R B IE A

(3) A Hy ity 25 B 58 OG A7 I T T AR £
firh =X 17 & 4 & 8¢ Luphoscan 6 0 5 & A1 i 20 {01
A, RIS SR 0 CGHAGIN [ ey il i e, PRIk F
T | R

(4) BEHHARLLAN E AL B AT 2 DA
o1 T A H T R O S L, R I A 2
A A i TR BT R AT E ORI A i TR
AT — Fr 2 B B [ B A, A At T2 B 4l
P BEAMEREATHERE I7 1M B2, e ARAE A el i
BBV IR o

(5) hakE A ¢ e ORI T, B
D X v Ak S A AT R IR AR B, PRAIE T AR
T BT H A4k B 4 A5 B (2K

(6) FICFHIP AL HIR T TRXHERS, R
RULLLH T AT I, IR 3 B v 4k i 45
MO E, RIS 74 2% RMS { & Zernike
FBOFOGE B —8, AR5 HEAT BRI 155
B, PRIET R ZOR . W e R g LA
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Table 4 Contrast of test system WFEs and theoretical

system WFEs after alignments (A=10.6 pm)

W

iﬁﬁﬁ%i‘gﬁw o o o o o o o o
(-4.3°,0°) (-2.15°,0°) (0°,0°) (2.15°,0°)

BB ATZE RMS 023\ 0.052\ 0.054\  0.052\

AP RTZE RMS 0.232) 0.067\ 0.070n  0.070A
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Fig. 8 Test picture of the freeform lens
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Fig. 9  Vacuum imaging test picture of the thermal

infrared camera
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Table 5 MTTF test results of different detector modules

N Bk
MRS
D1 D2 D3 D4
MTF 0.142 0.150 0.160 0.163
BEbk
P
D5 D6 D7 D8
MTF 0.164 0.153 0.144 0.135
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K10 7 o AHBLAT 9I%F 299 K. 301 K 4P B A4,
22 18 [E bR GB/T 38236-2019 J7 118 NETD, ik
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sk, FRSEHEAY Landsat 9 TIRS-2 #% fif NETD $8 b
A,

B0 ARET ML 2 5 S A D
Fig. 10 Vacuum radiometric calibration test picture of the

thermal infrared camera
%6 NETD X4 R (300 K)
Table 6 NETD test results (300 K)
[ISER
D1.D2 D3.D4 D5.D6 D7.D8

It 2R

NETD/K 0.061 0.049 0.053 0.054

AR FRAR AN N FRAR TR | O AR ALY 25 A
BUr s IR] i 2o 3 b SRR E AR B 19 73 M 45 21
U HE2 AN X | B B N B SR DA o D e
PRA L ARIRLEE SEAT T AR SRR IE,  [R]IREX)
XEPSRT LT T Anel . SR (D) 2
SN N RE , FErb L, R0 L, A LS A AR S AL
W 58 KL B/ MELTER AL, DN, FDN, 0 2554
AR SE R LA L #5450 A5 10 F B,
DN, A ICHRS AR, #AR0CH 55 11

DN, - DN, L,
=l— X — | X
DN, = DN, ‘I, 100% (1)

Korf, Fs RoRm R R . Lo br, B sl g
B E bR i Ze 4k 2 8 T 0.995, sl 23 il 2
240—340 K2R, 4850 bk BE 0.82 K@300 K,
PeFFapRER . MR 5 AR ) T D1—D8 #ikk
R E bR A E 11 s, AR S EBR GB/T 38236-

Fs
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Fig. 11 Radiometric calibration curve under typical gain and

integration time

xR BHERAERBEXRY
Table 7 Radiometric calibration equation and

correlation coefficient

o B0
D1 D2 D3 D4
KRR 120.49 124.64 145.38 154.73
C 4561.6 3697.5 4707.8 43452
AHIE R B % 99.99 99.99 100 99.99
o (BN
D5 D6 D7 D8
KRR 130.74 145.94 140.39 120.85
C Ak 4179 3933.4 3681.4 5270.2
AR % 99.99 100 99.98 99.99

4.3 IRERIG

H TR 5 KOG 02 BT AN LSS M e e
PERFE PR B R e v, MIHILIE IS 58 56 W 9 4 3
PRI B 2S O AT . AL 3 AR PR sl 56 Sk A5
3T SR, 439N 1193 Hz (X)), 43.3 Hz
(YI). 33.69 Hz (Z1a]), AHAL A = 1) b i 2
TR X AL AN AR i SR SR B S T A
W T o AHAILAE B AR B I 43 AT o
FEBAZMER, D1, D2, D7, DSFHAEH R &
TR MTF A%, Joik AT MTF I, 8 iR E &
T D3—D6 i MTF 45 R an & 8 o, HiR s
Je TEW AR A, BT 3 S EA T A s T
Ol ACIERBES TA . SIRPES T80 SR pRsm
26" T O, AHAIL G B 07 I 3 ) 25 SR 3%
Y, G A8 R DU 2 T B e o e e, Rl kAT
TR T80T BgmR, RA e/, AL
R PR IR 2R

5 RIS

20224F 1 A 25 H 10:30, 5202 £ H#H4LT40
AL E RO HLAAR , BB S 2 AL B B B
20224E2 4 8 H, XE H T XHET AR, KEBE
5 JBRFEE . AWEW . B AR ] D
P BT AR BE oA, T AT LA B KR e
WA OLAFE R, nT RAEA T
®8 IRFEIEMTF MIKE R
Table 8 MTTF test results before and after vibration

L i
PRAhRE
D3 D4 D5 D6
PR hi 0.160 0.163 0.167 0.158
G 0.161 0.164 0.165 0.159

K12 AREDAMAPLE D X R

Fig. 12 Infrared camera image of Yingkou urban aera
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R Al T 2 6057 T 9 i T 42 T 2R AT AR T
AHALIE 8 A1 b RO B (TAE4 58, 2017).
TERSGEW R RIS OLT , FREC300 K BT = it
AU IR 4 51 B bR s AR 84, #E47 NETD 208 (B
B, 2009) . % B8 [E b5 GB/T 34509.2-2017 J5 ¥,
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FRillizt o PAET AN HIL G U ART 4 0 6 St e
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x99 RAMENERMKER

Table 9 On-orbit test results of the thermal infrared camera

MR H febrEisk M4 el
Wi 5 2115 km 120.323 km e
JIRGIES ) ]
GSD <16 m WY 14.93 m, FEHF44 15.04 m (EEsy
NETD <0.1 K@300 K FEEL 1—4F-10.081 K@300K , itk 5—8 314 0.084 K@300 K aes
RS RRE 2 X S S A <1 K@300 K <1 K@300 K pues
AR ST S8 A 2 <3% FLHE 1—4 -1 0.873% , 54t 5—8 734 0.883% ey
DOI: 10.3788/CJL202148.1210002
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Development of the high—-resolution, high—sensitivity, large—width
thermal infrared camera for S m Optical 02 Satellite

TONG Weiming, LI Haoqian,NIE Yunsong,MA Jun,YAN Xiurong,XING Hui,GAO Changchun,
WANG Baohua,SUN Qiyang, CAI Shuai, HAO Zhongyang,LI Yan

Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing Institute of Space Mechanics & Electricity,
Beijing 100094, China

Abstract: Thermal infrared images are widely used in the field of land resource management, fire detection, and missile warning and
surveillance. To improve China’s ecological management and strengthen the supervision of high-energy-consuming enterprises (e.g., steel
plant), the requirements for the development of a high-resolution, high-sensitivity, and large-width space thermal infrared camera are
proposed. On this basis, the thermal infrared camera installed on the 5 m Optical 02 Satellite was designed and developed. The thermal
infrared camera was successfully launched at the Taiyuan Satellite Launch Center on December 26, 2021.

The thermal infrared camera adopts an advanced push-broom imaging system and uses an 8192 pixel long-line array long-wave
infrared detector to obtain thermal infrared images in the 7.7—10.5 um spectrum. It chooses an off-axial three-mirror main optical system
and a transmission system with free-form surfaces to achieve an 8.6°x1.1° field of view. The absolute distortion of the optical system is less
than 1 um, the average MTF is better than 0.32, and the uniformity of the focal plane illumination is better than 0.98. The focal plane of the
thermal infrared camera is composed of eight CCDs. The number of pixels of each CCD is 1024x6x2. Time delay and integration
technology is used to improve the SNR ratio. The material deformation matching method is used to ensure the thermal stress and
displacement meet the requirement at a low temperature of 80K. The thermal infrared camera also uses cryogenic optical technology to
reduce the system background noise and improve the dynamic range of the camera. Three lens close to the focal plane work at 200 K. The
cryogenic lens is cooled by a pulse tube cryocooler. At the same time, a calibration mechanism and focusing mechanism are installed inside
the thermal infrared camera, which can realize on-orbit radiation calibration and focal plane adjustment. These designs improve the
radiometric accuracy and reliability of the camera. After completion of the detailed design, the thermal infrared camera has a ground
sampling distance of 15 m and a coverage width of 120 km. The NETD of the thermal infrared camera is better than 0.1 K@300 K. The
thermal infrared camera achieves high-resolution, high-sensitivity, and large-width observation simultaneously.

After the alignment and ground test of the thermal infrared camera, the average MTF of the entire field of view reaches 0.151, NETD
reaches 0.06 K@300 K, dynamic range exceeds 240—340 K, and linearity of the radiometric calibration curve is better than 0.99. After the
5 m Optical 02 Satellite was launched, the on-orbit test was completed. The image geometric performance and radiation performance on-
orbit are excellent, and the resolution and width meet the requirements. An analysis of the image data of high-temperature and low-
temperature ground objects near 300K indicates that the on-orbit NETD is close to 0.08K, and the absolute radiation calibration accuracy on-
orbit is better than 1 K.

Compared with the GF-5 02 VIMS launched in China in 2021 and the Landsat 9 TIRS-2 launched in the United States in 2021, the
thermal infrared camera onboard the 5 m Optical 02 satellite has greatly improved the resolution and maintained a large width. At the same
time, the NETD is close to the best in the world. The thermal infrared camera can well support businesses related to land resources.

Key words: remote sensing, thermal infrared camera, push-broom imaging, infrared detector, 5 m Optical 02 Satellite



