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Abstract

Abstract

The thermal infrared imager(TIRI) is the main payload of CASEarth satellite,
which can achieve a resolution of 30m and a width of 300km through whisk broom
with line array in the 505km orbit, and is currently the thermal infrared payload with
the largest width resolution ratio in China. Once launched into orbit, CASEarth, will
provide high-resolution thermal infrared remote sensing data for the detection of
human activities, economic development, pollution (water, soil and air pollution)
monitoring and ecological function assessment, water resources and arable land
census.

High-precision radiometric calibration is the key to the gquantitative application
of remote sensing data. The calibration accuracy of the TIRI is affected by the
radiometric calibration model, calibration frequency, instrument temperature, detector
stability, measurement accuracy of calibration source such as blackbody, instrument
sensitivity and other factors. This research is carried out from three aspects,
multi-parameter joint extremum optimization design, low-frequency calibration model,
and on-orbit high-precision solution method for the whisk broom thermal infrared
load. The main contents and innovations are as follows:

1. Aiming at the problem of limited integration time of whisk broom camera, a
multi-parameter joint optimization model, such as responsivity, instrument
temperature and dark current, is established in this paper. Incorporate engineering
constraints, and the optimization of parameters such as temperatures of instrument,
integration capacitance, integration time and optical aperture are set. Besides, for the
large field of view optical system where the low temperature exit pupil does not
match the cold stop, a multi-component temperature grid simulation model is
established to optimize the stray radiation of the instrument, so that the ratio of the
instrument's internal thermal radiation to the 300K blackbody signal is less than
0.214(8-10.5um). 0.204(10.3-11.3um). 0.563(11.5-12.5um), which is similar to the
ratio of Landsat 8 TIRS. In the realization of 300km width, 30m high resolution, the
noise equivalent temperature difference of the instrument is better than 0.08K.

2. The whisk broom with long line array of TIRI needs to adjust satellite attitude
to view deep space. The observation of deep space can quantitative measure
background response. In view of the problem that frequent radiometric calibration
affects the effective use of time of the TIRI, this paper proposes a high frequency of
background response prediction method based on the temperatures of instruments and
a low frequency calibration model based on instrument stability evaluation is
established. The on-orbit radiometric calibration is viewing fixed temperature
blackbody every scan and viewing deep space every two weeks. Besides the above
normalized radiometric calibration methods, we introduce stars and the moon as
calibration sources for cross-calibration, the iterative optimization of calibration
frequency can be further realized in orbit. This method has been verified by other



T8 o 70 AR LA IEAOUE B SRR B AR TT

satellites.

3. CASEarth thermal infrared imager adopts a three-band integrated filter, a
four-stage TDI and 2000 pixels long line array. For the four-stage TDI detector, a
four-stage TDI pixel selection method based on multi-temperature point traversal is
proposed, and the noise equivalent temperature difference of the three bands can be
increased by 13.14%, 7.30% and 9.36%, respectively. For spectral transmittance,
non-uniformity of blackbody temperature, affected the accuracy of radiometric
calibration parameters, ground measurements and analysis methods are established.
We put forward the low frequency time efficient calibration calculating method, and
verify the validity of the method through the ground vacuum low temperature
radiometric calibration test. The laboratory radiometric calibration uncertainty is less
than or equal to 0.500 K.

Key Words: Thermal infrared imager, radiometric calibration, long linear array and

whisk broom, instrument self-emission
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Table 1.1 Summary of thermal infrared sensor parameters (long wave band)

28 TIR MODIS TIRS GF-5 HJ-1B
(ASTER) (Landsat8)
Kot HEA 1999.12 1999.12 (Terra) 2013.2.11 2018.05 2008.09
HEERE 702 702 705 705 650
(km)
&% (km) 60 2330 185 60 720
Hh 4R 0.09 1 0.1 0.04 0.3
(km)
V&% /e 666.67 2330 1850 1500 2400
TArERER 8.125~11.65 8.4-12.27 10.3~12.5 10.3~125 10.63~12.57
i By 5 4 2 2 2
NEdT (K) 0.3K@300K  0.05K@300K  0.05K@300K / 0.42K@300K
#HESHERE  1K@300K 1% 1.67K@300K 1K@300K  1K@300K
122  RAOIMUBRES ERG AR

AL AP B TE PRSI L 3T A S A A B S T R
TAEH, IR AL AN B B4R S E AR BB B . R IR XT MODIS,
TIRS. ABI #i7 HA I 2L AR S 7 A 5 134T B AR A4 .

(1) Terra/Aqua MODIS

Terra 1 Aqua T2 45T 1999 £EF1 2002 4E & &, H E¥#% T MODIS %
fif, A 16 MRLAMEE, AT EIA 3.7um # 14.4umP 41, MODIS 1k
%7 MR RAG, 938 %5 A 2330km, BN AN BT 10 ME T, LR
fr¥y 12 fir. 24 DN AEASAL 1A Ffr S, SRAR IR FE 1% 22 494 0.01K-0.05K, H.
Bt DN {E 3NN MODIS T H At e bkt FE m HL ke fase, o
MR O 2 R, ELH B SR A 58 e A (1 258 RN 2 126 44-481,
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Bl 1.1 MODIS B E N
Figure 1.1 MODIS structure diagram
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TS HIE R . VG AERPERR AT IR

MODIS 13145 14 1] Ef FAHE S o 41 A P8 1 e 25048 290 S i BRTE BR8]
X B AE AN [ i1 BE R S HEAT I, RIS RAanE 1.2 Fros o WL AR A
S A 2 IsF (T 5 25 S o SRR PR R L R A O 4 2 R UL ) S A e )4
JE EAE NG AR S (A A B B AR S =843 4R . MODIS 152 b N EEL
PERR, R (1.1)(1.2) Rl 50,

DN,, = DN - DN, (L)
RVSg; - €55 - Lgg + (RVSg, -RVSys) - Ly, +RVSy; - (Le55) - gcay ~ Leay
:a0+a1DNBB +a2DNI§B (2

N T/ Ta] S, DN B0 50 Wil (-T2 . DN gg 25 BR T Sl
Ja B RRAAMRAE . RVS AR T 38 B 539 M e £, RVSgs, RVSsv 73l &
PR A BARF A I RN . g5 g0y 73 MARER T RAAMIFE I
IR e Lggs Loy N1 Lgny 70 AIERRAR . FHRAGEANL A B B S AR S

MODIS 4 5 % b B AN E PERUR T i F2 5 ao AHARLRE R 8 ap MU & ANH SE
FE, ARG R E . RVS MANERE P, AEXS v e 2 R ANA 58 o iR RS
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Figure 1.2 Response versus angle from on-orbit test (left: Terra, right: Aqua)
FERURS, VR SR AR S 7% ot e B E bR ARG 12
OB PHIE, BARE R AR AN 0.2K, ESEBR RS, BUEATRFAME
TR SRR L BEAT AR 2 BE (TSR LU BEHL IR 22 . MODIS IIFESIUE b T ROV Bk
YR F e LN PR AR 2, S Al T 38 [ 52 4 290K (Terra MODIS) 21 285K
(Aqua MODIS) . W74 75 FH 5N I B s RE A R R0 0 i 4t R B ok 4 1 e s SR 28R
W, B blo N T SRR A AR 1 RS T ao ANAEZIE R EL ap, AR DA E A (4
NEFEE 4R BATTHRRIRE bR, ARZRIE RN IR B, 1eAh, 23R B
PRI PR T PRGNS ) S5 A SR ], B2 PR P ek R LN T R S T s P AR i
TEH, Ay 270K-315KE,
& 1.2 MODIS TERL R AR AR

Table 1.2 The performance of MODIS on-orbit blackbody

TR/ ARIRIEEE  AEPURARIRE PRI AN E L
Terra MODIS 270K-315K 290K 10mK@290K
Agua MODIS 270K-315K 285K 5mK@285K

MODIS B 1 KM BAREAT RS E AR AL, R H BRAT 9 brilind AV L0 A1
ST BT R, B 20 M e tE LI AR IR 335K, R 31 KIS BR AN
IRIETY 392K, PN BRI IR, H BV o SR S8R A 2 1) ) BRER B4 ) B
PRV SR R ERR D AR BH BT » 5 b BB AL A BR RS 3R S R A8 T 5 H Bk

SR E SR,
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MODIS FALLAME BN H i bR i) B AP BRI
(1) KA B 31 BN H LB 2 € b R B0 5 BRIRLRE . Forr, L3RI
RIFE N 0.9, ZugHt.
(2) S5E AN B FBARAR 8 B it 240 & IRAF I B 21 19 BRIV R 5 2 0 Js
i
(3) NP 21 it & b 2 SRR & 45 R 4L
B Y 0 A SO0t xS 08 bR RECRARSL, BT MTR. SRR
JAM R A5 TG HR PR AT R 15550,
B FER IS AT BT TR 3G 0, 34 75 BT R 28 1 R 1 AR MEEAT VP45 - MODIS
P 5 20 e 7 RN L 2 R oy B E . R T 2000 4R F] 2014 4R B3L.
B32(10.78-11.28um, 11.77-12.27um) P4 /N3 B 10 75 S5 2000 %2 - (X 2002 4 B31 11
N 7 A O ZE I/ T 0.01K, - FARAR A AT PR AR TE SR S i (10 7K P13 571

£ 1.3 BFESSURZERERN K2 (B31. B32)

Table 1.3 Change of noise equivalent temperature difference with time (B31, B32)

Band 2000 2002 2004 2006 2008 2010 2012 2014
10.78-11.28 0.03 0.02 0.03 0.03 0.03 0.03 0.03 0.03
11.77-12.27 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

FEV TR B S LA M A RN i RS e VE ) B LR B . FEBAUNF, MODIS
£~ THI il B BT H(E N 83K A\ 2006 “E7T4R, Aqua MODIS £~ 1H1 il B T
AR REA ZE AT E R AR IS, HBEh VB SE G0 o PRI a5 A 1 2k B AT T i
FERAALTIAZ AL . 5 2012 4F, A VIR Il Al ik 0.65K, Xt 1B 31-36, R
25 3 25 RBCR IR 6%. BT M RBEFNAREE 508, KRR
() A~ TR P R B T DL 22N, e Ml R SE AR /N e o TRt R 3L
ARV T PSE R B B on] S A 2 R /1N T 0.3K 198590,

AT PRIR 75 LM R B Ta], e SRR TR R KL 15h, PRI IS S
257y 24n), 7E AT IR AU R, BT AR P TR B OB e [ e IR, e
PRHIRAE RE BB FTIE 4%. FEBUM ] 24 SR AR B ORI & € Fr it R 3L
I, B e At R A AT IR A OC R8N, R, FERUAR ST TR FE I
Fi 7 M S v A R A o ) B R
(2) Landsat8 TIRS/ Landsat 9 TIRS2




Deployed
Earthshield ~— ———> cl;ya%‘;:t%l: '
Telescope

Radiator

Nadir
View

FPE

Flexures

(10f3) Cryocooler
Telescope _—
s Assembly
>
“ '\I/' F
@
::.. ,\:,’-' d
Nadir \ ‘ Slackbody M peep Space
View e | i View Port
Port I\
i SSM Mirror
Ge lens
ZnSe lens
Ge lens
Ge lens
Focal & SPectraI
Plania Filters

(b)
B 1.3 Landsat 8 TIRS #4502 TIRS MR B (D) TIRS e R

Figure 1.3 Landsat 8 TIRS design structure (a) The overall design of TIRS (b) Design
of TIRS optical system
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Table 1.4 TIRS system requirementsparameters

ZH ol
6 RGN F AL 1.64
FERR 178mm
RRAR R 0.992
P AR
i} 0.05K
HFRG 0.1K
LTS 0.1K (270K-330K)
BT R 25um>25m
Btk 1850
A H 240K-360K
JEH R 0.3
H FLU 8x107e-/s
B H g 260e-
JSEihL 2.28%10%-
300K MG HLR 4.916108ph

Landsat8 458k AN AR X 2% : i Hbplf% 4% OLI( Operational Land Imager),
AT HMETEZS TIRS(Thermal Infrared Sensor). TIRS g 3 AN P AL AMEEL,
43 H14 10.3~11.3um(B10) 1 11.5~12.5um(B11), %A #E4 77 A%, R 55 A
185km, B T AT 4 HER Wi 100m. TIRS 62 R 48 AN iHiE 5
MR, HEFRJy 178mm, F HUN 1.64100 50, AaHLE RS nE 1.3(0) iR .

TIRS FEE-F IR &8 v 27 BHAD 2%, i 3 Bk 640X 512 ) SCA HHELTM AL
AR RS 27 Meoo, PHEREIA 1850 FlEoT, BANMBIT RN
25umx25um. R 7 B10 A1 B11 AR BB AL, FEPRANER AR B 1 AT LA
RS ARSI B (dark band) o FEFUT R FELIAL P00 R T O/ FELOA AR Ak s A
R B sz oredl, TIRS AP HIMHAG I 1.4 Fios.
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640 columns
BN
(i ™\

Focal Plane Substrate

QWIP Hybrid A QWIP Hybrid B

10.8 pm band 10.8 pm band
~140 rows
12.0 pm band 12.0 pm band

512 mws<

\- +—

A N
1 1o
/ 12.0 pm band \
27 pixel 27 pixel
Column 7 overlap overlap Column 1857
10.8 pm band

QWIP Hybrid C

Total width: 1850 pixel columns
100m GSD; 185 km swath width

B 1.4 Landsat 8 TIRS HIHRMI A3 HEAR6Y

Figure 1.4 Landsat 8 TIRS detector arrangement
MR A5 BT K TIRS PRI &8 L7481 DN {H 1 FE ok R 2 AR ME R 5
TE LT HO9 T AT 0%-15% 19, DN {5 BT HUH e R 2 R 202 B T 3UE
Wi HLAT 15%-100%11) 4 50, K, HATERRIE — A D RAXT DN (HET
B2ttt . MIAIZRIEAL 51 DN B, ES7ZAR S DN EHZ ML IER &R, &
bRk

L=M*Q_ +A (1.3)
k2
InC=+1)

L NFESERE, Qu ARSI DNE, M AME A, A ARE. M. ALK
Landsat 8 &) N NASA Wbk 2. MRIEA (L3 FA R (1.4) i B RK4E
[t DN {E#54: AiEE . Landsat 9 TIRS2 X DN {E £k )5, RA AL br A
BEAT E AR,

TERLLANE B, 5 FELAURIMSCES 35 S B PR R /N2 H bR AR B ASYE L 45 56 o0
R BB PR R R . FRATTARYE Landsat 8 TIRS [3RII A BT B0 . 15 5% B %k
HE I TE AR S HOR 300K (1 AR R HHESE,  ETHEL LI R I,
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F 15 TIRS HIREHENR. R BERMNS 300K ZAMN G K DN EHE

Table 1.5 Comparison of TIRS dark current, instrument background response

M H UL 300K SRR A& TR W BEHILS 300K SRR fER RS 300K

DN{i FHIDNfE R DN/H L A1 RARMILLH
B10 346 1775.62 628.50 0.19 0.20
B11 346 1652.32 1077.70 0.21 0.53

ISR PR AR S B T AT B S AR R AL, I T ARG E bR
(AN 8 BE A TSI R 2R A BRI TR ARM RGN KE, EhrAHE
FERIE T RS RAHEN SR OAP GBS R MR, Bk
PRUE L ZREOG. BRI R E B A . R R SR AR I R B E AR R,
FCPERENS E Ar 4 A 45 BRI TIRS (1 AR —A V T RE ) i 1] 22 440571,
RAEEH 0.992; SR B AT E TN 00K fEE AR FE A, SR FRIR 5T
WA E BN T 1%, BHIRE, {ERMARIRIE )y 260K-320K I, TIRS & HIE R
i BET 2 /N T 2% 1)K

OAP

Fold mirror reflectance
uncertainty (<0.9%)

« | Background

‘ Fold Mirror emission (0.2%)

OAP reflectance
uncertainty (<1%)

Stray light
TIRS (1%)
I < |Source output

uncertainty (<1%)

Total Radiance « _ | Source pinhole
Uncertainty uncertainty
2% <0.1%

Steering mirror
reflectance uncertainty
(<1%)

B 15 TIRS S8 R bR o0 e ) S EERUE
Figure 1.5 The main source of uncertainty in TIRS radiometric calibration
Landsat 8 TIRS {EPLI 5 b7 SN BRI BR S SAiT e, eI Ha st 2R
F R % A 60s TR ERR BB WIVCERRVLIN A IRRL A 40 43k, SRS
BRI 20 M UL 258 T DA 2 BOBHEAT VP . Landsat8 789U 47 R B T 7
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HARBOGR S, B EA RO ARG EAR R, FUmR 1 38 B 1) 5E
AL T, ST /N Landsat 8 TIRS 24 Bt f% (540, Aaron Gerace )
F MODIS (%5t 2O THIMEIE. EOUEIERE, RO Bfmht e
PAGBE /N T 0.5%, i A2 2% E AR B K2 32 7181 g4k, KR T Landsat 8 TIRS 7£
B2 BN ZBOER I £ 50, 7E Landsat 9 TIR-2 ()65 RGBT, SR T 34044
JEIR S RO 7 SRR/ BOE ) sg 4 7,
(3) GEOS-RABI

[ 37T 2016 40 2018 4F 4 T GOES-R %741/(1 GOES-16 Al GOES-17
P A, 3 F45% 7 ABI (Advanced Baseline Imager) Fifg4%["s 71, ABI 4
10 ANRATAMB B, HR K TEEM 3.9um 3] 13.3um, K AEEFR 7 RGHAT U
B BARFIA S AE )y ABL BRI AT FE R @ ARl®le B AACRIA 25 1R 0L 0 s [ 1]
R FOML A A g, 4 5 7Bl 15 23 Bhoet ARSI — IR R e kAT —
PRV 73 I LS 1 5

Scan Mirrors

Z (Earth) Blackbody
Calibration
X Y Target
(East) (South)

B 1.6 GEOS-RABI £&#4gEe

Figure 1.6 GEOS-R ABI structure diagram

ABI LA PSSR, 23 mlie 9 AR TE AT R b R R 0L, S R 1A
RS, HH SRR ARE . ik, fEebsa Nt 7 s mEz
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FOINNEERERE . ABI IER A XONIERIEA, WA (LE)FR.

LBB =mMACg; +qAC Bé_(LEW@BB +LNS@BB) +(Lew @s. T LNS@SL) (1.5)
m ONENERE, W RS G BT R o NARYERE, RS RS2

FENEAR T AR Les &R IVARTE, Lovoss Lnsoss 202X HEAA
RIS ZR et A0 m AL B B SRR IR SR, A Cas A2 LI FRAA IR FR 4RI
A0 8] AR 9 2 56 4 2 UL I PR 00 25 o 8 A 19 88 . 55 MODIS 8L, TEHLE bR
POULIN SR AR AN TS 723 5 SE R B 58 b SR 79,

ZT AR ZE 1A 1 B G i 7 L IS PRI B85 ¥ PRl A 8 2 52 8 A P T IRLRE R B2
GEOS-17 T, ZLAMETIM TAERERE N 60K K JE, HTHR RS
I RS, ZEAMARIN G AP i B T sy, MR MR S s HAETRA] ) R Le i) B,
BT A PR &, S B EGS HBIM RIS . A T #Em GEOS-17 #4
AN B AR VERE N E ARG BE, HEAT 1 EAR T 38 BEAEIt . WE bRy, X
FEA TR B A5 5 R ANEERE R 100 23 )R P PR R AN [R] AR 88 G s 3R s e bl
BT AT — IR BARE bR BFERR B LUTs (calibration look-up tables)
BRI G E L (BDS) 4. #uhh, IR T &t S B Lk B A
L T L R 505 A A DU S e R BR BN [, 5 NSl iR 2,

1.6 I T ILAME I RGBT % Bud% 7 QLR e A <
S,

R 1.6 EHASRLIBRAEERSH

Table 1.6 Related parameters of thermal infrared load calibration at home and abroad

e foBSI'R Himawari-8/AHI MTG/FCI '57;‘?5? Terra/MODIS
S 4 %gm B =R %Em BHIPIR
TR EH s BH 2

Raid) Rl
AR —%ﬁ TR / ﬂiﬁ — W
Ny 2
w7 g?f’ 10 4k 10 4k ;{;f U

FRT, ORI ks B AL AT AR HUE AR B e, JCH AR SR R 1
MEIRAAS, EARIIK AT IAEE 10 708 —k . FE Tl R S 58 AR T KO e
AR S I B AR E 1 PRI 5 v L X I TR S ity R ) S b iR 22, i kNI
SR 2O S o FR) S M AR AT RE A 8 SRR AN i v i AT U )
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123 BSREFHTESEIEMRIRK

TERLTANE B, X3 E B AR AT 20, H KN BRI R 1 —
AN LR R 3L, AR B 5 AR S I E T 4 R, SR LB A B
TSR I 5 37184801

G RGBT B, 8 KRG 07 AR ASAP. FRED S5 A5 H
S RERS ATV, Je50Bm . MU I SO 2 SR IR 38 AU ) =2 s M 477 35
A FE 1) B L2487 881, [ N A A 2 SRR AN [ 28 B 2% 10 A OGR4 HE R
W%, IR EIIEHA k. Xiuwen Yao 25 AXF L ALLT 424 R G ar
TARHOGI T B, 234 T RGN &0 I AR B0 o T KR EOGEE R IR R
P51 R H BRI 2R BOG I TR BEAT T RAIE, S5 RERH, IR KB T
ZR O HA 2GR AR S = A s 189l

A.V. Pravdivtsev %5 AR AR FIDGLIE T T7i%, B8 T ZHTH M I REE R
S, XoF PR 0 2% ECRR S R AT A T AN R] DI 2 O A PR S e A A ) A S A A S
H S LEEAT AT . AR E 4 MINET AL BL Co D, WA 1.7 Fios.

B 1.7 BEREEnRALEnAm
Figure 1.7 The heating position distribution of the lens barrel
BRI R R AL, HHR AR BT 18 (1022 () AR A S s SEUT IR 4%
B B0 20 7 AL ) B SR RE B R, D #r AR RE Ay A Ha R RE
1240 1 B SRS BTE LR AR ARSI B, ESCE BTN A
FHIN, RS B ORFR B R BE RS E ,  JB/IMER S S Am e i e 30,
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B 18 R EARGTTERREINEEEER
Figure 1.8 The difference in radiant flux received by different pixels on the image plane

Jessica R. Zheng S A% KISS R 4tH) H & #4247 7 904 A FRED %K
P S E AT AU LS B R ST AR A, FFARIE A TR AR« RO R4S
Tel 1 B B AR AT R B Te A S R I B ARE AR (1 B B AR SRR
A, AL e A e IR AT A AR A SRS i o AR T SR A2 5
M3 2 B4 SR ABUEE (Y B IR 3R, S FEAS RIS IR N HOACE: B B VR St AT 110
F. MBEIRE 200K I AIFAEEIR 2 240K B R B 22K T 20U,

FEENM LS RGTEE NN RS B SRR R CREAT 70T, Bifd
P BE (RS A M AT S i g 0, ELEH) B B IR S AN R ZR 06 PST 1K
PRI, 9T REAREE R B 5 Pdm T, 208 Py ik 55 321 0.8504,

S INEF S 7V NIV I E S EAR R SR E RS BE SR 2 DN AV T
T, FFAEIEEE RGN X A I B S AL G R S A A AT DAL B, ) T
A B SRS . R BT AR, R E B GRH T, oot b
L2979 32.6%, R ECHE S5 AT 203K A AR T4,

B 1 AEAAS BB BOMAX A8 R R 2 R S EAT O o A db, 6/ 280 &
9t S RS REAT IR IS IE DT FLAE R o X B 5 AR S IR 8 PR R SE A
FEPE AR 3R 22— o A AN BE AT B T i o2 B S5 ) I A4 38 I 7 ST 414
PABGIR L 5T S NI OC R, )X 1 50 N S I ST, SR T e hrhs
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DN, = DN — DN, 2.3)

Les = Zai DN, +b (2.4)

DN L4 & Ge Wl B AR (R 234 A, DNB NELA R GUML YA 23 175 5 Bk
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Figure 2.1 Classification of radiometric calibration errors before launch
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Figure 2.4 Influence of background response changes on radiometric calibration
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Figure 3.2 The structure diagram of optical system of the TIRI
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Figure 3.6 Dewar structure diagram (a) Profile of dewar (b) The design structure of Cold
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Figure 3.8 Schematic diagram of detector test system
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UHE T I LR B B =8 0 M R
DN =DN + DN

Dewar + DNdark current bias (31)

BB L BRI B A R, AR E AR AR L . iR — RYIAFFR 5
IS [ (R PRI 20 0, R A B/ — 3Rl & T R ] DUAS BRI 28 1 B &L B

DN =k-t+B (3.2)
DN S ERM 2 I A B 1% 2R BEAEL, t AR AT Ta], kA% A5 5 BE AR 43 et ]
BLHIRR, B NG ER M B E . B0 A B i K B 25 B B I
J&» BRI 1S 20 0 7L -5 AL T B B IR 508 B IR 4 K BEAEL . R — TR AL FL A,
o3 i H B 5 PR S S T I TR

322 HMEEOMBSREHTH

A B0 11 9L 78 Ak AT DA A B 7 1 B 00 e BRI 0, A B P S A
WP TEd I, I B 5 B ) T vt L PR S 2L v s R A UL AT A 3

IRYE DT BT, ERIAPIA TR 65K I, A Jabl. FRNES 480 T1E
REEYMET 100K, FULW] DLZBEEA10 B S ARG, SOSHE L E H A & 348
S, RAE N 2.4, FLELE DR EE . SLARASERTAL BT D 7E— AR5 A
WA, JeHoT ARG T B TR U, AN BB AL LR 1 B S ARt
Xof L FR) L YAL R 3R

£ 3.2 FBLE X TR

Table 3.2 Current corresponding to Dewar window

FEBLE HRFE (K) / 204.15
FEELE Y B1 0.012
HLE(NA) B2 0.014

B3 0.012
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Figure 3.9 The temperature distribution of the Dewar
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ASCHIT Y AR D00 6 B I RO P A LRI SR TS, 2 £ A/ A1 T i 32 )i 32 80 Y T Y
(50K-60K), #Hri = FAEH, BIEARE T8 1, ¥ #miS asMEF iR
JER) R RIEH H N AR
I, oc T"2 exp(-E, /kgT) (3.3)
Horb, L RYTECHIR, TONALAMET IR, ECNMEPIRES, ke NBIRZE
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TARIRBERBN, B2 M AT 10151 AT
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Figure 3.10 Schematic diagram of focal plane array
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Idark =1- Idewar
$ortts DNy, SR BRI DN L, b J9BUIIIE, Qo ilIF s
Idark %H%Eﬁﬁ’ Idewar jl\j*j:ﬁil%lq DX#&E’(] Eﬁjﬁo
% 33 ARELSMETEER T KR aRNwE

Table 3.3 Dark current test values at different infrared focal plane temperatures

wE (K B1(nA) B2(nA) B3(nA)

50.0 0.028 0.024 0.026
535 0.073 0.066 0.070
55.0 0.109 0.101 0.107
57.7 0.267 0.256 0.265
60.0 0.507 0.505 0.507

= AN B P YA B AT TR P AR A i BRI W LI B £ A AR T L
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Figure 3.11 Noise changes with focal plane temperature
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Figure 3.12 Infrared thermal imager structure diagram
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Figure 3.13 Schematic diagram of outer hood design
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Figure 3.14 Simulation model of external stray light of thermal imager
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Figure 3.15 The relationship between the proportion of external stray light in three bands to
the target at 300K and the sun's off-axis Angle
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Table 3.4 Optical component parameters in optical simulation analysis

IR L i e IS U IES UOERt
ERE ) 0.97 / 0.03
#EHi 1 0.02 0.95 0.03
i 2 0.02 0.95 0.03
i 3 0.02 0.95 0.03
i 4 0.02 0.95 0.03

AL 1 0.03 0.94 0.03

o

&1 L C]

B 3.16 AaH SR EIAHRN AR B8k E
Figure 3.16 The light path diagram of the instrument’s self-emission reaching the detector
Landsat 8 TIRS f Bk TGy 273-293K, @R N 186K, FKA1Z
% Landsat8 AR BLTE, WA HN T IAEHREI . 07 HIN, 2
B 1 AN B TR 22 5, AN [ SR B 3 1 25 AL AR B B AR AT o P kAT 2
Prit#e.
® 35 Tracepro fiRAMESRESH R

Table 3.5 Temperature of components in Tracepro simulation

WA (K EBEL ] B Bt &
WE 1 300 195 195 205
WRIEY 2 270 195 195 205
WRIEY 3 270 205 205 205
WRIEY 4 300 205 205 205
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Figure 3.17 Analysis of the proportion of self-emission of each component in the three
bands (temperature field design: optical lens temperature 195K, scanning mirror
temperature, left: 270K, right: 300K)
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Figure 3.18 Analysis of the proportion of self-emission of each component in the three
bands (temperature field design: optical lens temperature 205K, scanning mirror
temperature, left: 270K, right: 300K)
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Figure 3.19 Background response changes with temperature of lens
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Table 3.6 Background ratio of the instrument as a function of the temperature of scan

mirror(Temperature of lens: 185K)

AWEEE 8-10.5um 10.3-11.3um 11.5-12.5pum
264K 0.172 0.161 0.497
270K 0.178 0.167 0.502

277.5K 0.187 0.174 0.512

R 37 BHEEEN 195K B, (EH R AR EHRE K2R

Table 3.7 Background ratio of the instrument as a function of the temperature of scan

mirror(Temperature of lens: 195K)

FHE 8-10.5pum 10.3-11.3pm 11.5-12.5pm
264K 0.205 0.196 0.548
270K 0.214 0.204 0.563

M ERATUUE W, @SR E N 195K, FIHIBRE A 264K I, (XS S m)
AT R T i 85 Dy 185K 4 B4R & Dy 277.5K I I ELH . B4 e A i 45
AL EIAE IR BE IS, S5 E B AL IR By FAGR S 0T B IR I 28 4 tH A2 40 5
Ky EAME RS 3.3 157 1 sl 2 R —2L

343 ZHHBHENILEIT

M B G RERG AXRE, FRICRINE . FEE. @B A LA O iR
JE S RRIR T AR BTG . (RIS OO F R b, HLEE R4,
H. CASEarth A/NEE, A, HEEFMIFEHZ 2 RS

LA AR FAUE T ZEA HIA L WA HLHRISAE . ZRG HAa . 2RI 2% K50
ML G BUGE B . OAMESFI . AL B O UR A AL L
07 A, FOR R R B2 BRI 2 BRG] S 8T . IR B K S S o
AT, IR E 2 BRI DRI BRG] . DB AR EZ)0 200K
PATR, AN SR S 1174 TovE 2 e S A IR R 2R, BRITE Wt RN T sk BE
S T 424 b R S P AR AR

FAAG A FR A ) A0 A U 2 1 PO B TS 4, RSO P 3 e R B R
Hr, EARAL P S S A B SR A AR KT I ST R B A, B 3.20 Fiws
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Figure 3.20 Heat dissipation structure of TIRI
AT S B A AR R e, BREALAR R T s oK. BT A A
IR E 32 1) 32 G DA S BRI AR PR A, 28 2EL Al P PR 8 58 7 A0 2 R S KT
MR, AR REBETE R L. ARACR SR AN HLEDFE I 2R S5
(3.12) 7w

DNbackground =f (Toptics’Tscan—mirror ’Tdewar1TfocaI—pIane) (39)
Zl = min(DNbackground / DNBB—3OOK) (310)
z, =min(NEdT) (3.11)
I:)Thermal control <50W (3 12)
Prefrigerator < 150W .

Landsat8 TIRS Jyflidth BEIEHR ML 0L 1 A3 R RISt XA i) RBUZ HIE
3 B PR LA NE BU e KT o B T 3B A BE 115 Landsat8 1 TIRS 73 AHHEL,
B Landsat 8 #5305 300K 15 5 LLIF N i€ AE AR IR O BE LT b, I
455 SR PR AR IR B I AT it

MRYEAN R L 7 FO 8 SR 04T, J6=A i BEADCHLAE A B B AR A v o Pl iR
Ko 2R e B 18] (1L B B B 2 BRI TIAE I IR o 255 SE Il DI FE L K&
BT B B IR 5 300K HARE SHIELG], Rk FE G A il i
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4351 195K 11 270K

Landsat8 TIRS 2= % 5ilt) TVEIRE N 186K, R EFae i £0.25K (44 4
BN, SRR IO AN E A 7 ROk BNE B BT HREE . FE N TAER
&R 273-293K, REREME N E2K (44 Srah ) B4, {03 B AR ST g H K
FEAHZ) & 300K H Az Hh K FEAR (¥ L5 435314 0.20(B10), 0.53(B11), & FHI
300K H hrf 2K FEAE [ EL 1A 0.21(B10), 0.19(B11). R¥E 3.2 fSZitel LI
HAHLRITHFER S, ZRIES TARRZ % E ly 52K, £ 3.8 L 7 #EACH TIRS
) 3 R S RS 4

£ 3.8 FBAE TIRS KRESHHE

Table 3.8 Comparison of temperature parameters between thermal imager and TIRS

YA 42 F Landsat8 TIRS CASEarth #£1%
2E S 186K 195K
e 273K-293K 270K
AMETH 44K 52K

344 REUABIERES T

PARACE SR R B A TE Y 220-340K, 72 RS & AL EEHE G, L
WL 340K FAFRI, (PRI H DN it R T REK B AR ANE ALY HL S
B o TEIE E IS TARIRLRE NREATSE50, MR e AR 40 It (RIS B B I 1
PG B2 o A3 R ARV B AN BRI S B PR RR I 24, B R 5B 5
PLA S FLIR 5055 I LU A R 7 2 A 22

\

mky

£ 39 #4EI5 Landsat8 TIRS [IACRE B BT

Table 3.9  Instrument background ratio between thermal imager and Landsat8 TIRS

BB PARAL TIRS
8-10.5um 0.214 /
10.3-11.3um 0.204 0.200
11.5-12.5um 0.563 0.533

FEIRE A TR T, SRR St R 5 ) LE ) A Landsat8 TIRS #H2,
R BN A B B A vy RAEEE P 5 B J A
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3.5 RE/NG

R R RGN 2R ESHOHAT T B IR, AIRTHE I R U
FE bR RG BB HE At . 0k, 7EHPRIRIASE NI R T ERI SR AR 5, did
STAL LA 1 5 PR 0 07 3, S T R0 25 At AL U 1 ) B AR S R
LI 05, FRTT BT AN IR A1 TP RO i o SIS SRR, RSP IR
60K If, MEHIRLI Y 55K I 5 £ FLARN # ft M 75t ol £~ T i B2 f) PRI i
PRAK . 7E404MEPIHIR A 55K B, BG5S 300K HbsfE 5 M F 4k
0.11(8-10.5um), 0.17(10.3-11.3pm), 0.21(11.5-12.5um), 5 Landsat 8 [ EL51IAH 24
B2, RINZE TARR KR DhFE R B 52K HIk, #3721 tracepro £ HARAY,
Sof A FIAX 28 N B A B ST 34T VA & . Tracepro 15 45 R R AN HOE S
300K HApZ /T 1.01%, WM K. XT N EAEEESN, St7EE. &
8 FAHH BT LS L IR 38 2 s O N R R . IE 2R TR B
G IERSS AT T 01 E, 5 A AR A B OGHL A M AE B S Rt b b b
R o ARIET A R T AR B 5250, 2458 RGUHA. HIIRTIFE, XY
WIRFEY . B, BRI, B ORESHIE T . &E, JEEE.
PR IR o BB N 195K, 270K, (X285 300K H bR ELBIFE = A3
Bsrly 0.214. 0.204. 0.563, 5% [ 5 Landsat 8 TIRS AH %4 HI7K .
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5 = B RS tracepro 1y FLE5 A LU SEIM B BB B . LB B4l
BT IR RE S5 2 HOEAT T AU it A2 TRRL A TG A SEBL T IR A
REARM o AT AR 61 i B pR B AR B AP TR SRR B AR S0
S M AR AR BE 3 S8 52 WA A S S bR BE (R R AL, S 1 AN e BT 59

NTHETE 4 9% TDI SR A1) R B, Sl 7 —Fpdk+ 200 R J ¥ TDI
BTk $ 71k AR E M AR FITRE 7 AR e brskta, WS 1 s = 4R
UHEAR RE IR T SR RIS NE R AR DGE b AN € FEEAT 1P/, D9
BUERRR L T 2L

FERUEARIS, KD FRIAPRACTT AL T 5 MBI v 7 S B S50 2 ) 2
B, BB v 2o WL 2 G e A 2 (A RSOUL I e ], PRI G ] g T X8 Ak LA S AE
TEABURE b 25 A U AT DR AIE SE B i B A2 A2 IR A IURE s 85 g R 14 ) AL o AR B 48 1
T RENUARAR A B SRS S50 L BT 5V ST T kA AR R PR VPG R AR
PR RUE RIS, OAE TR RS R . Ak, R RVRACH H Bk, 1E U I g
BEAT PR, EPUERRIT R SINLAME R . HBRAE NS SR e bk ia i, BLAE
ot B2 EX %A AT TR

4.1 KW E ARG EFR

411 LW EFEFRELEIEIT

PRI RFE BT TAEEE N 195K, #iR N EIEH L R G ME
JEER, HAEE R MG E SR EOR, & s RS, Tl g
TERNHI AR VERE . R, SEES S5m0 ARG PG A R B T A HE A A, S
B8 25 58 B AN TT SR 8 S S A 1) R, A 2 X AR AN % S S A e I LA
DGV RERFPE L BRI LR L R R AR

IR % SE AR RGFE RN L e bR R ARG RS P AT
SEIRIAE . RN SRl AR SE . 5 BRI A SE A E AR U
SR A R B R 70T . SR e AR TSR RIIZ3) . RGN & HIHE

BOE R HARIREE T TAE, SEMERLA0E . BT REIIRE . L= E RG 4
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Figure 4.1 Schematic diagram of the calibration system
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BRASCAS T M S 68 S o PR M0 o 1SR AL 2 1) T BB 31 08 5 14 A JEE SR B 5 J A
SHRTIE/

A S R o S 6 JER o 2 PR L PRE R SR N R A ) P55 AR AR 44 B A FR A
IR Y, SRR S 5 Wi N AR AR 2 18] AR 2R, 20 Y SIE I8 S A A0 0 s 2R AR
FERE o SCIR =R E br R MR ROV SR E AR IR I 2% . N TR
HEAAGAAEHE AN BRI [ P9 R ey SR, B0 B REAAORTI Ml T S A A DA R Yt
1TEbr. BT 2 LBENRE PR AEHR R ENE, 2 L BRRN G ER
JEBEE N 310K, SE BRI s Kot B BARIR AR SIVE A 4.2 Fios . 24 0B Ak
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Figure 4.2 Temperature and non-uniformity of blackbody for calibration test

412 A% TDI HERTAGTHIET AN

PR OCR AR RS T30, BOTHISE I R, SRA 4 2% TDI %05 3K
RTHUAR I RS . TOV I H F SR 1% W EARE R R I E o £ bR e, 2
By A BoThIE T . A 4 MEoT, BTAMRSERZESR, HNL, R H AT
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K 2R R BER IR v, WREGITIEFEIERE, X 6144 SIIETTI)
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T SR T B FHE R LR

HARTF R W —5ME e AT iH R, WEYIR R KGR, ZREITE
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5 KGR LEHEAT FUBG AR & R LR T HRORERR L, R iz G
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EIFHEITIER NEAT tHHE4E R, g5 R REAE =BT, NEAT (300K) 477 8E
PN 13.14%, 7.30%, 9.36%.

EFREZRELINMET
G
L1 TTIRIRIERE
BFT—MERITHE
TN
f
S BEREEIE AR K
=k
T EEREEE {EMREE
RITEEFEE P I1X
BTERO
BEIRLERBA TR
KiEHEEE
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EREABIEOMET

l 2
i R TR IR RE RS

|

ZHR

& 4.3 TDI AR ul S ik ik
Figure 4.3 TDI Best Pixels selection method
R 4.1 £4075 58 % TDI 5 NEAT HE
Table 4.1 Comparison of NEdT between traditional method andproposed method

NEAT (K) B1 B2 B3
(11.5-12.5um) (8-10.5um) (10.3-11.3um)
(RS bz 0.0875 0.0370 0.0521
W% 0.0760 0.0343 0.0472
NEdT &/ (%) 13.14 7.30 9.36

B 4.4 =BG OB SR ER AR, =AU NEJT HM0mT
0.08K, Hrh 8-10.5um f] NEAT Hz/)N, N 0.037K, AHAGACEE ) & B AN
FBE e femt Z485 1A m REUE g 7720,
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Figure 4.4 NEdT distribution of three - band pixels
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Figure 45 The preprocessing process of the detector's raw data
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FRT B 0] S5 i S 1901
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T E bR AR SR IE AT 4p N B iy T RUE I 2 AR I . B EAURT H
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V00 P18 39 S AR )4 S8 P T T SRR I AR e B TR RS I 20 RS SR G T T 25 o
{8, FAME T A S T B A A = E ORI A2 & i EA R T
S22 EL U B A AEAR S S0 o B AR IE A i a(4.2) (4.3)F7R. B
IR SIRE AU B AMETT i B AR ST RE . Ik, GRS AR i
I, Rl KBV ORISR, kT R AR SR e R A EE .
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DN(L)’,,=DN(L),; ~ADN(L),, (4.3)

Ll L (W/m?/sr) L1 L (W/m%/sr)
(a) B RUERRIERT (b) SSEASE S

B 46 BRAEESSRESEE

Figure 4.6 Schematic diagram of single-point nonuniformity correction
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B., = DN(T1)-DN, (TD)*K, (4.5)
DN,,'=DN, ,*K, +B,, (4.6)

DNij(T1)AT DNij(T2) 73 A e BARIR I 9 TL AT T2 1, Akdsoy Cihj) BB
% K BEAEL . DN(T1), DN (T 2) 43 9 7E FRAAIR BE T1 A T2 7R #0028 4t 1)
FIME (EBRETD. Kijy Bij AMEITHIAR SIRIE SR80 #4385 IE R ES H
B BAAMGTCH HH 1R BB IR BURS IR 5 KBS, Bkt BN En=(4.6) . X
TAEBNATE N R A BRI RS, W R0 ER SRS IE — MR e RIS RS IE
MR, WE 47 Fi.
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Figure 4.7 Schematic diagram of two-point nonuniformity correction
% RIR AR SRR T SO ARZR PRI ZLAMAII 85 2 )ik BB IE F] 7
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4.4 Prgma N SME B 4.7 THEL m O ERMEIREATEL n B RERE A)
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Table 4.2 Non-uniformity correction results

L35I 1E% M1 M2 M3 M4
B1 0.50 0.36 0.36 0.51
B2 1.60 0.59 0.79 1.05
B3 1.17 0.44 0.55 0.55
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R 4.3 NG R FAE R R 5

Table 4.3 The radiance non-uniformity of different spectral response curves

‘ MRS AR S
BB
230K 300K 330K
8-10.5 1.106% 1.178% 1.238%
10.3-11.3 0.699% 0.697% 0.695%
115-12.5 0.744% 0.740% 0.736%
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Figure 4.8 The spectral response curve of the three bands of the thermal imager
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Table 4.4 The Performance parameters of blackbody

T H SRR
R 0.99
3 AN 6
T FE RS E T 0.02K
RN L 0.03K
TEAEY 51 <0.22K
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Figure 4.9  The size of the surface source blackbody and the distribution of 6 temperature

measuring points
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Figure 4.10 The temperature non-uniformity of the black body radiating surface

4.2 KIEIRGENR
421 EWEIRSTERDN

MEE =B TR, AR TS S48 SR RN & 40 15 5 A ] Z2mE i 4y s
HACGE T SRS B AR B AR T AR Ak o O 17 e MR B AR A 5T AN AR 1
SRS, SIS S TE AR N BRI AT, BRI 90 EEX A ITHE T I,
FEUCKAE 1000 17 9 AR B ATRE -

PRI 2% 40 B B SE AT AR Tk £ A S AIMG T I B 45, SR 5 R W S A
I At AR A PR S te IEOL R 5 B AR S PR AKAR S E bn A 3K
I3 TS =N B AR A E bR R A RS E AR AT

Loy + Ly =a,- DN +b; 4.9)
Ly, =a-ADN +b (4.10)

ADN =DN(i, })~ DNyoorgrouns (i J) (4.11)
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tr&EEa. bo ESEIEERRN, RAMTURE R FERETT TN, AT A
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Figure 4.11 The relationship between the radiance and the output value of the detector.

The abscissa is the response value after removing the background
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R 45 LRFER THEN SR RY

Table 4.5 Radiometric calibration coefficients under laboratory calibration

W EWAR M1 M2 M3 M4
#
Bl a 0.0082 0.0079 0.0067 0.0068
b -0.0443 0.0391 -0.0390 0.0366
B2 a 0.0053 0.0044 0.0037  0.0039
b -0.0395 0.0421 -0.0246 -0.0114
B3 a 0.0056  0.0042 0.0040 0.0041

b  -00260 0.0278 -0.0078 -0.0027
Bl 411 oy =AM BE 4 MEBRARIT E AR 4, R 4.5 S T =B

SERS RML SHBIL AT IE T 0.999.

422 RETERTNHEEST

4.2.1 THREATE TR A IR e b R AL AT
PRS2 BRARIRE SR ma N, PRI BSOS DR 3R AR R R AR AN
SR, RS MR S EAR AR E R

(1) FBAARR G e 5 R A Tt ) i 22

S 2 S 2 T B AN i T R AR () AN S S R T B A S S
HRIHNER, BRI RELIATEE BT ERA N 0.2%, HA4AEE AT
SE AL T4 AR T 1 DA SR TR B R AR 38 S

CATTR T T8 AR AN 5T B (5 0 2R FH S RIS L3R AT A, RO R SR
hE

Q) PR FE s 2 Gt e (R A LR )M B S FLR E Al (il A AR AR
ML

b)TH A A AR RS R CRARIRED R BARRE S L (T, AR
TR HERR L L (T) T HIES Ehr &% a,,b; ;

C) AR 5 78 br R BOF DN B 3K HE 2% 58 bl BE LB AR BE L (T)

d) 73 AT SN [ E AL R L (T) " AR 22

e)iF FAR L Z S in g L(T) A b, % E 70 EEEI O SRR R %
CIREE AN E E DTk -
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\/iZ(L,- M-L, (M)’
u, =100% - +—= (4.12)
L(T)
AR FH SRS R 18 512000 R A A SF 3 AR AARR, FEE F18 AN 8 R 32 17 K (R4 S AN 0

BEREAT L

(2) Feim 5] ek HOAN 52

PR 8 10 1l i 157 ) 2083088 5 7E S0 3 4% IR, A s B R BRI TR
T2 RIS L R RO B AN o it e S U 1 AN 5 BE 204 0.1%.

(3) FRI 21

sk 75 TR £ it AN S ) 2 BRI, E MR 2 B H

(4) FRIE bR BRI T FE

i FH SRR RIS T AL AN B, 2 5 7R AR B AL T o A I — 2H e
b R B BENLEL . AN E br REOFA R ARSI, R 1 AR e 2 $ i B AL B
AN ERTESEBIAGTHE, 175 EE ST 7 Z 568 . 9007 Z5ERE R
B30 R A (4.13)

C=('WJ)™ (4.13)

C My ZHERE, 3 A Jacboin AEFE, W NALEHERE. KRRy 2 500 DL K
S THE A= 1 5000 4 =i 4 A O BEALEL, B 5000 bR 7 R . THETER
ANEFRTTRE T A AR ZERTT 2
(5) EhrEE M

FRATVRIFH 4.2.1 15w )4 G o b 3R 500 52000 0 s A s P AT A SR, e bR
SEVE IR TR AN 22 5 7073 0.261K. 0.351K. 0.380K.

RSN S AR S RN E O R 3R AN e B 7 A3 7 AR, AT R i
R

_ 2 2 2 2 2 2
Gcalibration - \/O-fit + O-BB,T + JBB,g + Jspectral + O-noise +Urepeatability (4'14)
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R 4.6 LRZEHEHRHOAHEE (K)

Table 4.6 Uncertainty of laboratory radiometric calibration

AHfE R (KD B1 B2 B3
VAN 5 0.067 0.102 0.058
R R S 0.129 0.137 0.122
WER%E 0.110 0.171 0.088
AR 0.213 0.277 0.214

I 75 0.094 0.038 0.050
M 0.261 0.351 0.380
BN 52 0.389 0.500 0.464

M 4.6 KRG, =B IVHR S E bR IR AN E /N T4 T 0.500K, JE
b 147 2 2 R AN R FEE KT T AR AN R B R B, DY AN 5 A M 7 56 A
ANf E FEE R R B )N o

T AFE RIERIE , A2 B HEF AR . MODIS U Bt 31, 32 EZTE hr
ANt B R R BT O R L L AR S L SRR E L RN N 7 R 0 g
1 Landsat 9 TIRS B10. B11 7£ 7€ #nid B KA E JE R R N4tk B11 BB
Py B R AN 5 P TR 3 UL A e o TS [ B SR AN 88 A [ 33k Bkt 7 A AN e o 2 17
S DR 3R 52 380 4% DR 3 B 5 AN PR DR /0 DA S RN 5 o 7 4 P 52 P 52 0

4.3 CASEarth BER GRS E IR Rigit
431 HEMZEENRFRET

SIG = bR, BRI IR Y D3 T i RS ASVE BRI B 2 A AR
TRLRE A AR 20 FRAACIR FE R B Bon I PR A o7 R 3 o e /> — e U & B R 45 21 5 A
REC BT RART R T (IS R), ZEBIUE bR ) 22 I B w11 28 A4 2 )
SR KT LI BT R] o R, B AR AR B b BB AA T 208 5 s AT OUL i [

MODIS Bt 7 — AN LS 1, 541 05 T LA ¥4 2 0 i 2 U P
SAk (Terra MODIS B ik J3 [ 5 76 200K) SR H H 4 E b R 4. o TR Ak
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LA 58 b A SRR A, AE BN 58 b 28 BORBR R 110 S 37 75 B0 FRAA ) 2 /NI
AT R

MODIS [FLT A B e bn A SO ARZE M, 52 B B AR T BRI K S FR 1),
(Terra MODIS) £ |- BRI FE 5 BBl Ll R S TR e bR st e /MR 2 . B T R IL
B7ANEE A, 90N 2725 K, 2825 K, 297.5 K, 3025 K, 307.5 K. 3125K,
315K, EHUBARI T BRI FE LT 46 /NI, BhAh, SR B8 i 56 () A
SEFRAIR LTI KB . MODIS #VZL A1 B BB AR IR R AR A /N T 1%, PRI E R4
4 IR (1) SRR T R 78 B S B0 AT AL TE AR EE K

A 7S RAE PR AR R B IR, RELN 4K, DR HLE S AT DA
i, VA S MR AT T 25BN RS Y 5. BV m B RIRE B . Landsat 7 ETM+H T
AR BB 1), FARIR B PR IR AR T TS o 9 7 e B R T IRLRE X 4 HH AR FEAE 1 s
TESIZI0 % 58 bR LR TR P % AR BEAE 2 (Rl R R HABIE . 3R 4.8 B T
MODIS. Landsat 8 TIRS 1 Landsat7 ETM-HE I & b I 0 7E I 5 %

R AT BRAEHRERANGT K. PKE

Table 4.7 The cold background observation method and frequency of remote sensing

instruments
LS TR 1 IR VST p N ey IUAT R
Landsat 7 ETM+ R B BRI
Landsat 8 TIRS BaE A Y9%F 40 SR
MODIS BaE I8 3 VA7 LI e 11 BRI

CASEarth £E%UH E bRl i [ 7] A2 1) AR F1 ¥4 4% - A A T MODIS. GOES-R
ABI ZAE A RIB IR, AERFIRE A G S 8 W, BB A TR 2 R
BAREIMA = . thsh, BT LR EERE], AR Landsat?7 ETM+3 &4k
PO B IR, DRI VA 25 B W AR RSB o ARATIR GE AR AT 78 Bk JE A R 2 B2
PIJTTH, —J7TH, 5w 2 B A T 3 0 AR A AR Ak HUOG i sl i, 7R
POULIN T RD TR P, S50 92 PR AR A 26t B b S JEORS 7= A el 5 — 5 1HT, 4
T R N R AR AR A B, e A B A O T SR AR R BB, Tk
FAWT A pR T S B R A e R R A T AR
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Figure 4.12 Schematic diagram of on-orbit radiometric calibration optical path
TESE FRARUCBETEI, FRATT B S %0 3R FH AR [ T 25 AR e R0 25 14 Jo S g
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Table 4.8 Analysis of the long-period response rate of a certain detector

HEH—kE
R 14 25 42 53
P 1B B A EL
X S 26 0.9933 0.9916 0.9942 0.9940 0.9917

M ERATTUAE 2RI S50 S 2 AE 53 R A AR /N, W UCEbRTHE
Ry S22 AR A /N T 0.3% . 1R A 1R B 38 AR R A LE B E AR ARIR SR (I 5%
E T JE P RN 5 e 2 256 P A8 A TT DL 22, 2 i 38 RN S o % e (1 R ek K PR AE
FOLIAAT s ARSI TEAR T BRI R4 2 WL A 40 15 A 96

CASEarth # QA AEEI E bR 77 0 B E AT XS UL B 5 B OR R 7E 270K
LT CEE), BUARAGREX R B E R BT IR e br &
.

S T AR Bk A D) A PR JEL S [ B ] 1] R AT o 58 8 o SR A BR AR T R T A
B INEIRG, b AT A ER REOY W TR . CASEarth HBAIE
PRIIAR, T4 s 82 PR AR AL AE B 5 o b R BT S AT H b R R S N 22 7 A 5%
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Figure 4.13 TIRI on-orbit linear calibration coefficient update process
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) REBUE . FATRIE R 48 e S RS R S 240 T 1E
FEMEE ST o £ HOUL [RIFE I ZH0T , =AM B il AL 21 i 1E A2 A2 45 4
4-1.88, -2.04, -1.98 4, WATMNLIMER PR T A% FAF ML IME L,
843 AT LI ) M Y ARAR R R R 4.9 BT IRIL, FEBUAT AR I 2 A
Y AR IR HEAT LR TE AR . 28 OB bR . BEA, TERURHE R, FRATT T
SREGEIOAR 53 5f (8]« SEHAR 43 A S5 TR SR THX AR B e g, e T1E A
PRy 72 B B4 FE A

R 49 WMOWERBLORNERKIEE

Table 4.9  Some stars that meet the requirements of TIRI

RAJ2000 DEJ2000 BE
00 24 02.006 +38 34 38.28 -2.6
00 23 14.587 +55 47 33.27 -2.58
01 06 25.905 +12 35 46.82 -4.02
01 09 43.943 +3537 13.94 -2.14
0302 16.769 +04 05 23.00 -1.72
02 2251.783 +58 35 12.61 -2.05
02 25 43.494 +62 06 15.85 -2.3

ST HBRS E ARG BCE R e bRt 1 IR IE T B AR RUE
PREOULIN 5 5 Je R BCEHr 7 R AR 4.10 .

R 410 FEH RSN T RBEIT

Table 4.10 Design of Observation Scheme for on-orbit calibration

R T 5
B CEER A R A AR
WA CHRE ) i i A
e i ERTS T
R / FERRRET
i J A

82 585 E FRIIE
FRATAI IR K FVAR LT AN AR AL A 4B 22 00 00 K df xoh 20 AME R 8 b 5 80T 1 56
UIE o SR PR AR O RE ARSI 5 — 25 2 T2 OCTE 2 X 5080 v 4 S e A
HAER PO B IE ., @AV SR 2SR . WER PR € br X B
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Figure 4.14  Stellar calibration curve
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Figure 4.15 The optical system of the camera
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ZHAR 73 I T B4 0 o ] ] R AR S, ASCRRIR 2 37 78 AN [RJ AR 20 I T SR A T B P9 R A2 4
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® 41 ETELRHEEAMRERENL

Table 4.11 Changes in the temperature of main components in the vacuum test

i BN (K) BRI (K) ZATEE (K)
ik 272.5 280.1 7.6
EX 265.0 285.8 20.8
W 265.3 285.8 20.5
e B HELE 262.8 276.4 13.6
JE Y HELE 264.6 277.7 13.1
FREDO 256.0 270.7 14.7

442 ETEZuskMOENERRMERSE
A B AR 5 HOR T STARA L RIS A BIEAR T A1 16 5 B8 4%
A Ko AR ZRAER S AR B TR A (2.3 Fros, A URGE T H & #4
BEE S P A A R 85 0 2 PR G AP X T
AT BRI, HE S IE E BRI R AR, E i R B T A ) 0
T A B R AR H SRR E T 2 AR, HAA AR . SR A
KA ZEES RN, BIA 2 e B0 S S g il 4.16 2
AN T OGS AL BL T TR B PR SN0 N B RO AR A
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Figure 4.16 The solid angle of the self-emission of different components

I J I PRI 250 82 1) DN B B 108 B 5 VIR SN RO, 34 B A s HE

78



54 T AR AURI S ROR A e s T I AT

TFTERIN 28 B o 6T TR SE (8 T R AR 2 e VR s BRI, SR
CLAMESFTH B T AL DO B LA, FRSP T BE RS s, AE TS R eI v
WA .

K AEPU AR VTR T8 SONPRTEE T80, A Tl A3 B S i B
[¥] DN A ic 9 DNo, % AAHREEIC Tireterences K F(4.16) 4T 2 T MU 5
R A2 5 T fit SRS RS pifE .
DNMMWM—DNmmmmmmmzigg%ujHm(uzﬁ@@dz—jmeMm¢nmmm“@dimz)

(4.16)

Horb, pi BT LR RETER. SAME RS FOEEE L RESHIN
Fet, (A) DOMIEE B R . ETHET, SRR BT M) DN B BEAT TAL
H, GRARYSIRIE . B U i USSR 22 WP 25 B K FEAE DAY /NI [ I 7 45 b
B, ARG, RN EZ S FERA NS IE . T RIEAR TR REE,
KH TG RIAR iRk QAR B A . SRR KRB H AR R AR e
JE GRS EBAIAL BL AR .

R 412 HERIAVSHE

Table 4.12 Parameter values obtained by fitting

Z¥H 4.5ms 13.54ms
(>10°)

Rt 0.8870 1.1722
B 0.5296 0.4225
Le¥rN 0.03008 0.0177
JERRHELE 5.4237 5.6767
FE L 1.0623 1.0545

LA R G RN ZR S R S8, SAMFRAS 2 B B IR 2
BT IR AR, RIULAE B 5 B85 i S B, S8R/
N RZ L AEI) B 5 GRS B B S AR bl . SR 412 nTRUEH,
BEHEZAE AN 1S 2 S BUfE LA AL B S BB R, BIFE Tk i) 5 A2 AT
BT BRI I DRk Ko A RS SR AR B (1 2 B s, AT AR ALk B B
SRR I LB A B B AR TR s, X BAIE R IR A AR e B AT R
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Figure 4.17 Model fitting value and residual distribution, integration time (a) 4.5ms (b)
13.54ms
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Table 4.13  Fitting results of different integration times

FR43 Bt (] 4.5ms 13.54ms
R? >0.999 >0.999
RMSE 2.667 8.544
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Figure 4.18 Probability distribution of model residuals under different integration times
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Figure 4.19 Calibration error using two background responses
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Figure 4.20 Background response changes with time on-orbit
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Table 4.14 10-fold cross-validation results of different algorithms

Bk explained_variance_score MAE
Adaboosting 0.953 9.924
GDBT 0.979 5.96
RF 0.985 4.31

# 4.14 F11 explained_variance_score #& 10 #7538 XIGAIE [T H51E, %5 50H
FARRE RS 1) 77 224555, BUEVGEHIZ[0,1], FAEBEEE 1, WASERY (1) i 25
RS variancey, ., o FAORSEIRTIUIE5 S bR i 5 (R R 2

Variance,

explained _variance _score=1- pe) (4.19)

Variance,
LR RZE (MAE), 7] RIS TRONME AN B SAE R R, AR 8]
T
MAE =Y, =Y peg | (4.20)
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Table 4.15 Average absolute error and variance of training set and test set

plEzReS TR EE
TR At R 2= 2.61 431
%= 15.55 41.62
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Table 4.16 Error comparison between multiple linear regression and random forest

algorithm
A7 SR LR
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