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Table 1 Parameters comparison of main thermal infrared payloads at home and abroad
Index Landsat 8 TIRS VRSS-2 IRC GF-5 VIRMI ASTER TIR HJ-1BIRS CASEarth TIRI
Orbit /km 705 645 705 702 650 505
Width /km 185 30 60 60 720 300
Resolution /m 100 60 40 90 300 30
Width/Resolution 1850 500 1500 666 2400 10000
8.125—8.475
8.475—8.825 10.3—11.3
Spectrum /pm 10.6—11.19 10.3—11.3 10.3—11.3 7 7 i i
e 1g o ey gy 8925-9.275 10.5-12.5  11.5-12.5
Y : : : "7 10.25—10.95 8.0—10.5
10.95—11. 65
Noise-equival
otseequivatent 0.4 (at 300 K) / / 0.3 (at 300 K) / 0.2 (at 300 K)

temperature difference /K

1. 67 (at 300 K)

Calibration accuracy /K (Bl1: thermal infrared 1.5 (at 280 K) 1 (at 300 K) 1 (at 300 K) 1 (at 300 KD

band of Landsat 8 TIRS)

Detector /pixel 1860 512

1 (at 300 K>
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Fig. 1 Layout of TIRI. (a) Overall structure of TIRI; (b) internal structure of TIRI; (c¢) external structure of TIRI
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Table 2 Technical specifications of TIRI

Item Design index
Orbit /km 505
Imaging width /km 300
Resolution /m 30
8§—10.5
Bands /pm 10.3—11.3
11.5—12.5
Pixel size /pm 30

220—340
< 6 (object space, 30)
Sensitivity /K < 0.1 (at 300 K)
Field of view (FOV) /(*) 7.0
Scanning FOV /(®) = 33.1
Dynamic modulation transfer function = 0.1
F# 1.94
505X (1£5%)

Dynamic range /K

Scanning accuracy /(")

Focal length /mm
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Fig. 2 Structure diagram of TIRI optical system
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Fig. 3 Spectral response curve of TIRI
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Fig. 7 Diagram of forward whisk-broom imaging. (a) Diagram of forward whisk-broom imaging process; (b) angular velocity

curve of swinging mirror during forward whisk-brooming
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Fig. 8 Diagram of forward and backward whisk-broom imaging. (a) Diagram of forward and backward whisk-broom imaging

process; (b) angular velocity curve of swinging mirror during forward and backward whisk-brooming

1210002-5



FRIEX

#4835 £ 12 H1/2021 &£ 6 B/ EEH

EEEERNN SUR I SN KR S VN SuR i
PR RO IE B I A A A TR T R G R L,
B ey VA5 T At [ P g 428 40 A 08 490 4 S 300 O 1) —
B EBRY TRE A TR S G LA B, AR
X BT R AR T 5 AU B AR S R RCR B
H BB A R A T R A T A A AR B T S BN
REIZ Bl R B D AR . (EOU R R B R
AR RO, — R B 7RO
FRF [¥), B T 52 0 28 8 45 e L, A M) v I e SRR 2
AR L.

3 MMiK4h
3.1 REFEIRSIER

TIRT 5 A 458 e rp B A4S B i 48 D 2% R L R
512X 4 pixel, % ] 4 9% TDI 8155 kb #1378 42 7+
PRSI M LL . 43D 25 1) i s PR ISR ok i A 7 AR ¥ )
KAE CH IC AR T B B e, SR JE X 4 AT R HEAT
BN R T 35 i R AE I 1 AR R RS GE IS Y R
AT EIRIT

TIRI SR H 4 B2 200 B 5000 SRR bR 7 1
SR E FR S B INEL 7E 220~340 K Y 3 2550 B Y 2t
BB 10 A AR E bR i B AT R . B OUL I R
A5 388 3 2 4 8 08 B L LA 2 B T S e
SRR DN VANE (53 S 1V S Y el iy i
POAER iy €/ 1 R = RN W)

Liw=a +dp’+bdpx+cs
P Ly WEBRE R d oy N EBRTT S E WH
AR N o AR E AR R 0 M bR
RE o A

i i A5 205 25 2 R %) A B AR AT MRS R U
MIFE bR . BRI ZS M P AL i T H AR 5 A E B A
BT 5 7 A 0 BIORL M 7 DL R R N 1 L ek e e
L HIORE M 7 B A 5 R T R0 1S 0 T . DR B
IRAS 2 B B Pk 5 T o I AL 248 19 MR P A5 3800 22,
BT R 4 A TR SRR Y R A
(48 bR K, TIRT WYL 3 fe 251 an 3R 3 o,
AL TR St 5 300 KO H bR L i
5 Landsat 8 TIRS P AN By FLAEAH 2. 78 B Ak
MBS 300 K B, M S R0R 228 T 0.1 K,

# 3 TIRI WIR BT
Table 3 Temperature field design of TIRI

Item CASEarth TIRI

195 K
270 K

Optic lens

Scan mirror

3.2 EHEHERAR

TIRI 2R K e 52 43 0 4% 05 =X 7 s 17 if
2 DR AR A GRS L 25 W . A, AR F B
T L — 5 BB R] R R ¥ 25 RN 22 3 B B AR 0L
N Rl R S E = W5 N O UURIUN o T o T i ¢ o) K
N ORI RS DO Ry VR B R E S E ]
S5 S5 00 D [ S U R R R TR 4R 0 b RO
TIRI 48 4@ bRt B THan & 9 B . A T B AR 7E
ARCATYR ¥ 2 SO0 8 S5 ) o7 A8 £ X 8 i A A H AR
TS YH Y 5, FOLRe FH 35 I R 3 1 T S o g T
%o SR R U T S N B BT AR AR BR TN
PEPRRI 25 1 S SO UL A DR A BR L I8 1 45
Y 5 M S AN A b R AT 28 USRI , I 6 B0 2%
K B ] ) g 157 5 2R AT W, R TIRT A 1 A5 1 6
751 1) T £ AL Bl

black body

scan mirror

! A
Ko fREaEE bRt s

Fig. 9 Design of light path for radiation calibration
o N
4 25 e

AT — P 2B PHE KL H A
TIRI &35 a8 T TIRT BB AASEHLES 1
Aii Jad MR G2 R G K BB SR R SE AR
B 7. TIRT SRR 20 R AL R Gkt
16 195 K B2 RGER T AUERE 5w 5 300 K
HAR0 5 Landsat 8 TIRS #124, TIRI 48 5 &
Bk BE R BETH AR A 0 T 1 K MR 45 85I 22 /Y 32
MWAEDE T 0.1 K(at 300 K,

2 % X #

[1] Huang Y F, XuJ, Bai S J, et al. Satellite infrared
remote sensing technology and its application in disaster
prevention and reliel[J]. Spacecralt Recovery & Remote
Sensing, 2020, 41(5): 118-126.
WK, W, AR, . DRASMNERIR L H
TER; 9 RR i R AF 58 L] A R & |45 3 )
2020, 41(5): 118-126.

[2] Wang JY, LiCL, Ji HZ, etal. Status and prospect

1210002-6



RIS #4835 £ 12 H1/2021 &£ 6 B/ EEH

(3]

(4]

(5]

(6]

L7]

(8]

(9]

[10]

of thermal infrared hyperspectral imaging technology
[J]. Journal of Infrared and Millimeter Waves, 2015,
34(1): 51-59.

TR, BER, WSAML, . LA 6 R B
REWFFIAR S BEBT]. 2452 K24, 2015,
34(1): 51-59.

Zhao HJ, GuJ R, Ji
multi-spectral technique in the diurnal cycle detection[]] .
Infrared and Laser Engineering, 2018, 47(2): 0201002.
RO, AR, I, . AR AR ER
SR B B i 1 [T L0Ah SO TR, 2018,
47(2): 0201002.

Sun Z L, Hui B, Qin M F, et al.

method based on

Z, et al. Application of infrared

Object detection
saliency measure for infrared

radiation image[J]. Infrared and Laser Engineering,

2015, 44(9): 2633-2637.
INVEE, BOR, B, . AANEMG B E B AR
Bk [J]. 4n 45 ¥t T, 2015, 44 (9):
2633-2637.

Li Z L., Duan S B, Tang B H, et al. Review of
methods for land surface temperature derived from
thermal infrared remotely sensed datal]J]. Journal of
Remote Sensing, 2016, 20(5): 899-920.
ZFHE, By, BE, 45 A REE
B 7 BT T o R (], 1B A4, 2016, 20(5):
899-920.

Zhang ] Q, Li X Y, LiL Y, et al.

net for cloud detection of visible and thermal infrared

7 &

Lightweight U-

remote sensing images [ J]. Optical and Quantum
2020, 52(9): 1-14.

Niu J X, Zhang T. Analysis of stray radiation of infrared

Electronics,
system to detect dim and small target[J]. Infrared and
Laser Engineering, 2013, 42(7): 1665-1668.

A4 B, k. 55/ B ARZLAMRI R G2 /Y A U 3 43
WrJ]. LLAMS8OETTR, 2013, 42(7): 1665-1668.
Liu W B, Meng Q Y, Zhang J C, et al.

thermal

Seismic

infrared anomaly extraction based on

skewness [J]. Seismology and Geology, 2020, 42
(6): 1509-1524.

XICF, TR, SRAkHE, . 3K TR B 00 Hb AR H AL
A E OB OBCCT]. MR b R, 2020, 42 (6):
1509-1524.

Han L, Cui S C, Yang S Z, et al. Inversion of land
surface emissivity in China based on FY-2G infrared
satellite data [J]. 2019, 39
(12): 1228003.

s, AN, Biiti, % T FY-2G 204 TR B
oS v e ] i ot D B8R0 M R R B R [T] . e R,

2019, 39(12): 1228003.

Zhang ] Q, LiX Y, LiL Y, etal.

based on

Acta Optica Sinica,

Landsat 8 remote

sensing image deep residual fully

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

1210002-7

convolutional network [J]. Laser & Optoelectronics
Progress, 2020, 57(10): 102801.
AR, ZEE, R, 5. BRTREREEEH

M4 1) Landsat 8 & B R =W 7k (], ¥t S

St FeAgE R, 2020, 57(10): 102801.
LiuWQ, ChenZY, LiuJ G, et al. Advances with

respect to the environmental spectroscopy monitoring

technology [ J]. Acta Optica Sinica, 2020, 40
(5): 0500001.

XS, BRERSE, XIRRE, 45, PR ML D045 rh e i
SFRORBERE ] Jb2E2# 4, 2020, 40(5): 0500001.

Hu F, Jin S Y. Study on the development of wide
technology high
optical remote satellites [J].
World, 2017, 24(5): 45-50.

BASY, A, A BEROL R IR B IR BB B R
RIEEAT ], MR H, 2017, 24(5): 45-50.

Tang X M, Hu F, Wang M, Inner FoV

stitching of spaceborne TDI CCD images based on

swath imaging about resolution

sensing Geomatics

et al.

sensor geometry and projection plane in object space
[J]. Remote Sensing, 2014, 6(7): 6386-6406.

Pan J, Hu F, Wang M, et al. Inner FOV stitching of
7ZY-102C HR camera based on virtual CCD line[]].
Information Science of Wuhan
University, 2015, 40(4): 436-443.

WA, WOF, B, SF RRTRML MR ZY-102C T
£ HR ML B 0736 (1] RO =44k - 5
BRF2ARR, 2015, 40(4): 436-443.

Yang B X. Characteristics and main specifications of

IKONOS and QuickBird2

points for developing such like satellite cameral[]].

Geomatics and

satellite camera: some
Spacecraft Recovery & Remote Sensing, 2002, 23
(4): 14-16.

BFH . FE IKONOS Hl QuickBird2 TLA AL E@jr_
B AR 2O AT KF R (T A KR 5 E

2002, 23(4): 14-16.

Meng W C, Zhu S L, Cao W, et al.

and optimization of rigorous geometric model of push-

Establishment
camera using TDI CCD arranged in an
Acta  Geodaetica et
Cartographica Sinica, 2015, 44(12): 1340-1350.

da R, KRR, EE, 4. TDI CCD 3845 Bf i H
AHALT™= M TLAT RSB F 2 S ER A 0] . 2224, 2015,
44(12): 1340-1350.

Greslou D, de Lussy F, Delvit ] M, et al.

broom

alternating pattern [ ] .

Pleiades-HR

techniques for geometric image quality

ISPRS-International Archives of the

innovative
commissioning[ J] .
Sensing  and  Spatial

543-547.

Photogrammetry,  Remote
Information Sciences, 2012, XXXIX-B1:
Chen Z C, Luo W F, Zhang H,

evaluation of Beijing-1 microsatellite multispectral

et al. The geometric



RIS £ 485 £ 12 #3/2021 &£ 6 B/ EE,

images[J]. Journal of Remote Sensing, 2006, 10 on multiple fusion methods for GJ-1 satellite imagery
(5): 690-696. [J]. Remote Sensing Information, 2018, 33 (6):
PRIE®E, 233, ki, & bt —5/ D DRZ 6% 124-131.

P15 ik B e o AR ASTE AP (0] . 8 IR A= 4, 2006, SR R, BB RS- SRRETIERETOR
10(5): 690-696. PSR HT L] EIEAE KL, 2018, 33(6): 124-131.

[19] Bai Z G. Technical characteristic of GF-1 satellite [24] Jiang C S, Zhang X Q, Yang G D, et al. Experiment
[J]. Aerospace China, 2013(8): 5-9. on geometric correction method of Jilin-1 satellite
HE . ma—5 B2 ARMSES D], PEAGEK, image [JJ]. Geomatics & Spatial Information
2013(8): 5-9. Technology, 2020, 43(8): 208-211.

[20] Pan T, Guan H, He W. GF-2 satellite remote &, kB, MEER, F. S-S5 TEEGIL
sensing technology [J]. Spacecraft Recovery & IR IE L8 [J]. W4 52 m B (E 8, 2020,
Remote Sensing, 2015, 36(4): 16-24. 43(8): 208-211.

W, g, BE. Ea 5 DEBRBEARD]. M [25] Tang S H, Qiu H, Ma G. Review on progress of the
FiR Al 5 & @, 2015, 36(4): 16-24. Fengyun meteorological satellite [ J]. Journal of

[21] de Lussy F, Greslou D, Dechoz C, et al. Pleiades Remote Sensing, 2016, 20(5): 842-849.

HR in flight geometrical calibration: location and I, Wa, SNl s A4 DA TR R
mapping of the focal plane [J]. ISPRS-International [J]. #EREAHR, 2016, 20(5): 842-849.

Archives of the Photogrammetry Remote Sensing and [26] Zheng Y, Zhang H W, Du X, et al. Precision
Spatial Information Sciences, 2012, XXXIX-Bl: 519- analysis of combined block adjustment without GCP
523. for ZY-3 and TH-1 satellite images[J]. Bulletin of

[22] LiG Y, Hu F, Zhang C Y, et al. Introduction to Surveying and Mapping, 2020, 0(7): 10-12, 28.
imaging mode of WorldView-3 satellite and image M, kB, Mg, & RE=SMXRE -5 TAE
quality preliminary evaluation [ J]. Bulletin of WG A 2R E AN ]. W4, 2020, 0
Surveying and Mapping, 2015(S2): 11-16. (7): 10-12, 28.

Z2E 0, BH2Y, WEIH, 2. WorldView-3 T & 1% [27] Rosak A, Latry C, Pascal V, et al. From SPOT 5 to

AN E R R E R AR (T, M4 @Ei’, 2015 Pleiades HR: evolution of the instrumental

(S2): 11-16. specifications [ J]. Proceedings of SPIE, 2017,
[23] LuG, Gao L, Wang Y M. Evaluation and analysis 10568: 1056801.

Research on Wide-Range and High-Resolution Thermal Infrared Remote
Sensing Imaging Technology

Chen Fansheng"*", Hu Zhuoyue'®, Li Xiaoyan'®, Yang Lin', Hu Xingjian', Zhang Yong'

' Shanghai Institute of Technical Physics, Chinese Academy of Sciences, Shanghai 200083, China ;
* Hangzhow Institute for Advanced Study, University of Chinese Academy of Sciences, Hangzhow, Zhejiang 310024, China ;
* University of Chinese Academy of Sciences, Beijing 100049, China

Abstract

Objective High-temporal and high-resolution thermal infrared remote sensing images are important resources for
researches of fine characterization of human traces, inversion of Earth surface features, resource exploration, and
marine ecological monitoring. At present, different thermal infrared payloads ( TIRPs) have been carried by the
Earth remote sensing satellites at home and abroad. According to magnitudes of spatial resolution and imaging width,
TIRPs can be divided into three kinds: 1) large width and low resolution, mainly including TIRPs with a width
greater than 1000 km and resolution lower than 1 km, such as the moderate-resolution imaging spectroradiometer
(MODIS) and the infrared atmospheric sounder (IRAS) carried on Terra and FY-3D satellites, respectively;
2) medium width and medium resolution, including thermal infrared cameras with a width of 100 —1000 km and a
resolution of 100 — 1000 m, such as TM/ETM +/TIRS of Landsat 5/7/8; 3) narrow width and high resolution,
generally referring to the width less than 100 km and the resolution better than 100 m, such as the visual and
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infrared multispectral imager (VIMI) aboard GF-5 and the long-wave infrared camera of VRSS-2.

The special project of "Big Earth Data Science Engineering Project" proposes to make fine depictions of human
activity traces and coastal ecology based on remote sensing data, and to realize real-time quantitative observation of
urban heat island, human economic activities and polar environmental changes mainly by thermal infrared and low-
light-level cameras, which puts forward higher requirements for the spatial and temporal resolutions of corresponding
payloads. Generally, there are two types of data acquisition methods for remote sensing cameras with linear
detectors including the push-broom with a long linear-array and the whisk-broom with a short linear-array. However,
affected by engineering boundary constraint conditions such as structure size, weight, and power consumption of the
satellite, the imaging method of push-broom with a long linear-array is difficult to meet the requirements of short-
term, wide-range and high-resolution. Accordingly, the whisk-broom imaging with a long linear-array is an effective
method for solving this contradiction.

Methods In view of the above requirements, this research proposes a whisk-broom imaging method based on a long
multiple-modules-stitched linear-array thermal infrared sensor with three spectral segments, and realizes the wide-
range and high-resolution ground imaging with a width of 300 km and a resolution of 30 m (sub-satellite point) at an
orbital altitude of 505 km. On the one hand, in order to achieve a large range of coverage along the orbit, the
thermal infrared imager (TIRI) detector is composed of four 512 X 4 X 3 long-wave time delay integration focal plane
modules which are cross stitched together (Fig. 4). Each detector module contains three bands including 8 —10.5 pm,
10.3—11.3 pm, and 11.5—12.5 pm. The effective pixel number of each band is 512 X 4, and the pixel size is
30 pm x 30 pm. 25 pixels are overlaps between connected modules, and 26 dumb pixels are used to isolate different
bands of single module to reduce the influence of edge effect. On the other hand, the system adopts all-optical path
cryogenic optical system and deep cryogenic optical machine design to reduce thermal radiation of instruments, and
sets blocking rings between the rear lens group and dewar, as well as inside dewar, to improve the extinction ability
of the system outside the field of view (Fig. 2, Fig. 5, Fig. 6). Finally, in order to realize wide-range imaging, the
TIRI is equipped with a high-precision one-dimensional scanning mechanism (Fig. 7, Fig. 8), which can achieve the
wide-range imaging cross the flight direction while ensuring the ground spatial resolution, and greatly shorten revisit
period of camera.

Results and Discussions Based on the analysis above, the innovative results of this research mainly include two
aspects: 1) wide-range and high-resolution imaging technology; the TIRI of CASEarth small satellite adopts a multi-
module splicing long-linear detector (Fig. 4), ensuring the ground spatial resolution and increasing the field of view
along the orbit, and a high-precision one-dimensional scanning mechanism to realize the large depth whisk-broom
imaging across the flight direction, which achieves the earth imaging with a width of 300 km and a resolution of 30 m
at the orbit of 505 km (Fig. 7, Fig. 8). The efficiency of ground data acquisition is greatly improved and the revisit
period of the camera is shortened. 2) Design of all-optical path cryogenic optical system; the temperature of optical
lens is 195 K, which greatly reduces thermal radiation of the instrument, and the proportion of the background
response to the 300 K target reaches the same level as that of Landsat 8 TIRS (Fig. 2, Fig. 5, Fig. 6).

Conclusions Aiming at the technological frontier of wide-range and high-resolution imaging, this research, guided
by the project of CASEarth TIRI, conducts the researches including the designs of all-optical path cryogenic optical
system and multi-module splicing long-linear detectors, the whisk-broom imaging with a long-linear detector array,
and the radiation calibration methods (Fig. 9), and introduces the wide-range and high-resolution imaging technology
of TIRI in detail, which provides a theoretical and technical reference for the actual in-orbit applications and the
development of related optical payloads. Meanwhile, this research can provide the data and technical support for
global fine remote sensing and associated high-precision quantitative applications.
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