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Development status of remote sensing instruments
for greenhouse gases
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Abstract; The paper presents the development process of greenhouse gas remote sensing technology. It intro-
duces the design priciples, work modes, spectral band setting and main specifications of foreign advance high
spectral resolution remote sensors for greenhouse gases. Furthermore, It is also specified that greenhouse gas
remote sensing technology evolves from synthetical instruments to special instruments. Based on the overview
about greenhouse gas remote sensing technology, it discusses the future development trend of this kind of in-
strument and points out that the main emphasis of the research will be some instruments with higher spectral
resolution, higher spatial resolution, wider coverages, shorter periods and higher signal to noise ratios.
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Tab.1 Parameter contrast of main greenhouse gas remote sensing instruments
Specifications (016(0] GOSAT SCIAMACHY AIRS IASI
Tropospheric 0. 0 co,,CH,,o0,, 0,,0,,N,0,CH,,CO, cCoO,,CH,,0,,CO, CO,,CH,,0,,CO,
gas observation v 0,,H,0 €0, ,H,0,50, ,HCHO H,0,S0, H,0,50,,N,0
Whole 1 Whole 1 Whole l:
. o e o e ol er Middle of Middle of
CO, sensitivity (Tncluding (Including (Including
troposphere troposphere
near-surface ) near-surface ) near-surface )
Ground
. 1.29 x2.25/5.2 FTS:10.5/80 ~790 30 x 60,960 15/1 650 12/2 200
resolution/km
CO, precision 1~2 4 14 1.5 2
3-channel grating ~ CAI,SWIR/TIR 8-channel grating Grating Fourier
Instruments .
spectrometer Fourier spectrometer spectrometer spectrometer spectrometer
Viewing modes Nadir, Glint Nadir, Glint Limb, Nadir Nadir Nadir
Sampling/d 500 000 18 700 8 600 2 916 000 1296 000
0.758 ~0.775,
0.757 ~0.772, 0.24 ~0.44,0.4 ~1.0, 3.74 ~4.61, 3.62~5.0,
Spectral 1.56 ~1.72,
1.59~1.62, 1.0~1.7,1.94 ~2.04, 6.20 ~8.22, 5.0~8.26,
range/ um 1.92~2.08,
2.04 ~2.08 2.265 ~2.38 8.80~15.4 8.26 ~15.5
5.56 ~14.3
SNR >300@1.59 ~1.62 ~120@1.56 ~1.72 ~2000@4.2, 1000@ 12
(nadir, ' ’ ' ’ <100@1.57 ~1400@3.7 ~13.6 ’
>240@2.04 ~2.08 ~120@1.92 ~2.08 ~500@4.5
5% albedo) ~800@13.6 ~15.4
Mean altitude/km 705 666 790 750 820
Descending
) 13:30 £00:1.5 13:00 £00:15 10:00 13:30 21:30
node time
Revisit/
. 16/233 3/72 35 16/233 72/1 037
(d/orbit)
Launch date Failure January 2009 March 2002 May 2002 October 2006
Life time/a 2 5 >7 >7 5
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1, 2% 1A T I LA AR A% H 1 000 IR == SR 1Y)
RSB 1 45 TR RERE SCEL CO,
AR, ER 1 A 1 TR F], 0C0 1Y CO, il &
KR e, 8% 1 x 10 (124 F 0.3% ), GOSAT
FINHERS BE HAT 4 x 10 ~°  SCIAMACHY 1E N5 —
FIR R AR, 9030 T 25 [A) 38 I R =S
AT AT M, (0 CO, I 4 B AR, HA 14 x
10 °° TR — 4w dahn , et R, AT
PE—2 T A5, 3 HL 43 T ZE A 23 AR 1) T
YE D7 44
2.1 SCIAMACHY

SCIAMACHY & ¥4 # 78 FR U it K =) (ESA)
ENVISAT L& b A %A, T 2002 453 A &
. SCIAMACHY 456 8 ik 5 Al 52 3 43
BRSSO, HEI Y S AR BT AT
Hh(240 ~1 750 nm .1 940 ~2 040 nm.2 265 ~
2380 nm) ,OGiESHEFE R 0.2 ~ 1.5 nm, FEHE
AXFIRZE <1% xR 2 <2% ~4% , SCIAMA-
CHY My FEH AR bR 2 iRt

%2 SCIAMACHY M EEHRIEHR
Tab.2 Key technical indexes of SCIAMACHY

ENVISAT-1 orbit. Parameter
Orbit per day/(1/d) 14 11/15
Repeat cycle/d 35
Orbit period/min 100. 59
Mean local time at 10.00
Descending node
Inclination/ ( °) 98.55
Orbit radius/km 7159.5
Orbit velocity/(m + s ™" 7.45
Mean altitude/km 799.8
Scanner unit
Number of axes 2
Angle resolution/ (") 2.5
Telescope Parameter
Aperture diameter 31 mm
Spectrometer Parameter
Entrance slit size 0.19 mm x9.6 mm
Instaneous field of view size 0.045° x1.8°

Sun aperture size 0.06 mm x 3mm

Sun aperture instaneous field of view size 0.045° x 1. 8°

Table continued

Number of spectrometer channels
Polarisation measurement device channels: 7

In-flight calibration H/W

Parameter

On-board diffuser : Ground-blasted aluminium reflection
diffuser
In-flight calibration source:Spectral line source: Hollow

cathode discharge lamp, Pt/Cr cathode with Ne

filling
White light source: Tungsten-halogen 5 W lamp with
equivalent blackbody temperature of about 3 000 K

Thermal control . Parameter
Optical bench nominal temperature : 253 K
Optical bench orbital temperature variation ; 0.25 K
Detector array orbital temperature variation ; 0.02 K
Measurement data Parameter
Data processing Coadding
Nominal data rate/ ( bit/s) 400. 00
High data rate/ ( bit/s) 1867.00
Absolute datation:

Accuracy/ms 10
Relative datation

Accuracy ( PMD/Spectrometer detectors ) 1 ms
Budgets Parameter
Mass ( Budget ) /kg 198
Power( Budget) /W 122

A R TR 3 DL R R B/ A 5 4 2
3 Ay AT WL, JHC v pl SRR R B
1 2253 WU ( DOAS, Differential Optical Absorption
Spectroscopy ) 77 % S KA MR 51
Ho HAETFEPER EEAKRELT DOAS [l Kl
BRI R KR, RO I SR AL O,
0,,0,(1D),0,,Br0,0CIO, ClO,S0,,H,CO,NO,
NO,,NO,,CO,CO,,CH, ,H,0,N,0, HH CH, ¥
SRS AT IR F 1% , CO, I ST 4 R 2 IR IR
W, RS B2 155 T — 2D BIE

E Nadir S 520 T, SCIAMACHY  H 08 fiig
Kew 5B T FAZE R RA, WIE 2, DAY ik
W1 0. 045° x 1. 8°, 4748 X 3k G T % XS
+500 km , BRI S 1 000 km, F 41 #E
W4 s, BEER—DPUEM I, S/CHERIE
TR WA AT LS AR YR il I g 5 1 X 0%
B, M 62. 5 ms (A3 ] AT LAAS 344 07
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TAEI T REMEAS BN = 1 o HE 3, o FHAH G 1Y)
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(1) Y6224 4 ( Optical Assembly ) : SCIAMA-
CHY "l & 4= 035y , WiE R R . A
SRR RGO RGN, K 3 R 8 N
I IFAR I AR o A s S

%3 SCIAMACHY HystitHERig &

Tab.3 Specification of spectrometer in channels and detectors

Spectrometer Wavelength Spectral Number of Detector Detector
channel range/nm resolution/nm pixels material temperature/K
1 240 ~314 0.21 700 Si 200
2 309 ~405 0.22 1024 Si 200
3 394 ~620 0.47 1 024 Si 235
4 604 ~ 805 0.42 1 024 Si 235
5 785 ~1 050 0.55 1 024 Si 235
6 1 000 ~1 750 1.56 1024 In, 5, Ga, ,, As 200
7 1 940 ~2 040 0.21 1 024 In, ,, Ga, ,,As 150
8 2265 ~2 380 0.24 1 024 In, o, Ga, 3 As 150
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(2) HF 2244 ( Electronic Assembly ) : X %
AR FEATHE L A5 R EE AL B

(3) ¥ HI4H 7 ( Radiant Cooler Assembly) : ¥
PRI A5 203 [ 1) TARIREE
2.2 AIRS

AIRS TE T 2002 4£ 5 7 4 H LS, T
DR, 6 A0 ] B EcE 2 BT 2 TR 7T L
KA A A2 A3 A I HL AT DIOULI 215 P24k
B AR S HOGIE LMY A 2 378 4>
LEAMEIE RN AL 3.7 ~ 15,4 wm BB HA 5 X
(footprint) Ky 13.5 km, Yaik 43 HER 2 Ky 1 200,
XHFLLANEE , BRI A0 0. 6° x 1. 1°, #1147
]2 0. 6° BI85 Bl 705 km, 1. 1942 FHER

JERTHLE | 13,5 km™

AIRS & — M FEPIELIAN(3.7 ~15.4 pm) H
A 2 378 ANIE, 7E AT WOELLAMAT 4 A ETE Y
T HEROCTEANL . TR — A PR A
AL R GE, R FHEL AP BT U142 R ( Cutting-edge in-
frared technology ) F= A KA A FRIEE , KIKA =
SR — SR R E B A . BT 2002 4F 5 H RS,
T AR A R A B R b T | R 1 AH DG AL
P, KA P L0 A1 =22 8] 19 56 R 9T <
EFR A ARl X I J2 A RS B T Dok |
1 K/km, 30 B2 Y45 B2 W] LA 3] 0.5 K/km,
AIRS ) EZFARIEIRLF 4,

F4 AIRS MEEHASH
Tab.4 Key technical indexes of AIRS

AIRS Parameter
Spectral coverage 3.74 ~4.61 pm,6.20 ~8.22 pum,8.8 ~15.4 pm
Spectral resolution( A/AA) 1 200
Spectral samples 2 378
VIS/NIR photometer IFOV 0.185°
Detectors 17 linear arrays of HgCdTe
AIRS footprints 1.1°x0.6°
AIRS power 256 W
Weight 156 kg
Spatial resolution( at nadir) 45 km x 45 km

Heat rejection zones (3)
- Mounts (7)

Sensor electronics

Spectrometer radiator
Ist stage
2nd stage

Earth shield

z (424
Dimensions in mm

FPA coolers (2)
1397

e
<2

; s - 1
Coolerjdlectronics
N

30.5)

Scan assembly

IR focal plane assembly
Spectrometer

F3  AIRS {Y 845 MR

Fig.3 Instrument structure of AIRS
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housing Rotating
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Fig.4 Structure of AIRS
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HT 2 s BF, BERL B E Ny 49. 59/, P2k — 2 B A 90
A T DR 4 4 4 T DX R AR
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4 AT R ) AR T %, 46 310 K 1948
SEERR R OGS S %GR, G E AR %S (photomet-
ric calibrator ) . VIS/NIR Y6 FE i W) B 1 3%
0.185°,' B IR 4T Al 47, M [ B X
AT DL AL A0 g (i i

IR ZGI AT S EHRR A IR By ek o
6 17 ZF55) HeCdTe BRI &% L | 5% G 2
MRS 3 ~ 11 Gz [h], B— ALK PIAT T
K (N =94 ~192) 4%, MR P55 B e £ 0 FH I rh—
G SZPIF TSR PR Bk 3l i A5 5 =X
PR HIZE 150 K, IR S #SHI 2 60 K, H3
BEAHIE 273 K, TR JG2AIn eI 2% (44 2
AT LSS AR T T B AU . VIS/NIR 6B Tl
FHOG2FUE I 7 #4551 400 ~ 1 000 nm HGIGHT
VIS/NIR J6 B 3 T 75 % 21, TAE |l 293 ~
300 K, M IR 43563 Al VIS/NIR Y6 i1 Hi ok i1y
{55l E S SHIGABE . 40, AIRS (U 4%
A F8 A R i L

—18.5 —9.2 0.0 9.2 18.5
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M-12 M-11 2 3
‘3 M-3 — 10
= 411 391 M-2 6
= |2 i —T) .
= \= 461 433 0
- o
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(b) fkmi 4141
(b) Focal plane array

S AIRS BYREbRHILG 5 fR i 4L
Fig.5 Scan head assembly and focal plane array layout of AIRS

AIRS 7E 3. 74 ~15. 4 um Z A4 3 4NHiH
R4 PR L R 1200, SEFRSEM 1086 ~ 1 570,
RN 3 AN 4.3, 74 ~4.61 pm 6.20 ~8.22
pm 8.8 ~15.4 wm, A ULYGHY 4 4 A4

#A 9 pixel MOGEETE, BRI A 0. 185°, 43 %
2.3 km, R HUEG R VE R /06T, AIRS X
TREEE R G ek R UL 611
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1 il T Spectrometer entrance optics . .
! - S = =2 Tab.5 Specification of IASI
Scan mirror 3 -
= IASI Parameter
o >
e 3.62~15.5 pm
L
= Fore optics Bl. 8.26 ~15.5 m
- 1 e e v e e e 4 B S > ,t 1 b d
LERDRY ey pectial bands B2:5.0~8.26 um
3. Front telescope secondary
A G R B3:3.62~5.0 pm
6. Back tebescope primary

7. Entrance filter set{11)’

8. Entrance shit( 11 aperiures)
9 Alocal relay primenvill)
10, Afocal relay secondani11)
115

Field of view

Spatial resolution

Spectral resolution

Data flow

«

E
Schimidt ca
Schmide m
Drewar window

. Field Matiener lens

20, Foeal plane Rlterseii17)
21. Detector amay modules 12)

Dimensions of sounder

Mass sounder
6t RGLHIE
Fig.6  Structure of optical system Stiffness
Power consumption
Reliability
Availability

2.3 IASI

—48°20'/ +48°20’
D: 12 km
8 ~70 nm(0.35~0.5 em™")
1.5 MB/s( average)
1.1mx1l.1lmx1.2m
<200 kg
>55 Hz( during launch) ,
>6 Hz(in orbit)
<240 W
>0.8
>97.5% (5 a)

LLAMK AR T 4% TASI ( Infrared Atmos-
pheric Sounding Interferometer ) s& KR T Z M HL T
£ METOP BYA7 85 3ifi (1 7) , T 2006 4F 10 A %
S5 TASI REAE S IO Rili | VA ARH 8 B0
AR R ST XS HEAT A9, TAST 48 it Y
EJ7I 1 km NI EAEE N 10% R EAEE N

2425
1 K[ ] .

B 7 TASTAL G IR )
Fig.7 Photo of IASI instrument

TASE Xof it Bk B 4 5 000 ( DL I 8 ) Sl ik — 4
HAWA R s e, 340 o
SEPLSERUAEE U B A BE LI ) TR Y
B AMEE I T o FAPRE . BRI X T
B PR B B ) P PR RS, 6T A S
ST EXEZE ZMAENREEERT
0.15 mrad, P36 A £48°20", 76 8 s M fiEME S
PRA IR, TR 25 118 AR L A 4% SO ) —
",

S T
f direction Flight direction

" Eart s

30th step Swath width: 48.33°

TAST #RMASY I T4k sh2r AME I & i — &K

Angle between steps:3.3°

WEds, TAEIR BN 3.7 ~15.5 pum [0 {d L 725
HoLi AL (TANSO-FTS) Fl— & T AE 3 BeAE 10. 3 P8 TASTEFH T AR A
125 um BOZEENRAGNELR . e IIE T30 5 Fig: 8 Scamning work mode of 1ASI
IR T U5 B T 95 R AE B Ll 250 Ak B8 2. 5T
S50 B0 el B I R 8 R S E A, TAST A EBLEL
ARIGFRANFE S B,

TASI (2= R G L T T AL Z 5 1 5 il
SN P AR A — BT 4 AL
I, 6 cold optics S8 — G241, cold op-
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Focal planes

‘:';:- Aperture stops

“~ Field lens

e

Moving
cube corner
-
o ’
Focusing f_,-' e
y

- e
S
- o
o e
. K - o
mirror 4~ Pte L
s - = o .
e e " Scan mirror
- __—"". =
.

Fixed cube corner

Afocal 2nd mirror

K9 IASIEE R G4 A
Fig.9 Optical system structure of IASI
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2.4 TANSO

GOSAT J2&—J9UHH of Wi I 4 BR K< rp €O,
CH, & B AR DN T3 8L, v 47 3 = AU N 1)
B #% TANSO, F B 4L & <% I 1% 12
TANSO-CAI( Cloud and Aerosol Tmager) 11 TANSO-
FTS, TANSO-FTS 735 0. 75 ~14. 3 wm JEBLAY K
SO, DORS B i & A CO, VR 40
0.76 wm U B H kR WA W E, 1.6
2.06 wmi B FHR LM CO, MR, 1.6 wm % Bk [
AR I CH, W, 5.5 ~ 14 pm 3 BEHI K
PR CO, \CH, JKIRARAIREE, LI €O, 5
CH, 3 H B2k, K 10 Sy TANSO-FTS #k B 4= Bk
CO, /M i By 2, TANSO-FTS {X#$ 1Y F B+ A8
PR UL 6, Ot 1% R TR, LIS HEER R
0.2 cem™',

~<] -

Light source

M2:Moving mirror

FTS

Detector

0.0

BREEIXGARERBRRAERCERCEE

CO, and CH, absorption spectra

eround

Interferogram

Global distribution

Source and sink of 64 area

10 TANSO-FTS $RHLAEK CO, 4370 iy 2

Fig. 10 TANSO-

FTS data retrieval flow

% 6 TANSO-FTS EEAEIEHR
Tab.6 Specifications of TANSO-FTS

Technical parameter Band 1 Band 2 Band 3 Band 4
Center wavelength/ um 0.76 1.64 2.0 MWIR/LWIR
Wavelength range/ pm 0.758 ~0.775 1.56 ~1.72 1.92 ~2.08 5.56 ~14.3
Bandwidth/cm ™' 0.2 0.2 0.2 0.2
Targeted species 0, Cco,,CH, CO, CO, vertical distribution
Weight/kg 250
Dimensions/m 1.2x1.1x0.7

TANSO-FTS K622 RG L5 E 11 Frw,
P 48 18] SR FTS ARt XU Sl im R 48

4 G TR, ASHEZ g 10 e e | h
SH1HE SR AR A R G HE A B A v S B
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TEHO ) THT S 45 1) 48 v Ak T L 37 1 B BIR i 4
Yy, PR —A~ e R B A 7 DG, A6
DGR I LA, A 28 3 R AR EA

D‘ECP B,l‘“’kb‘)d)’ Diffused solar flux
ili'(‘:'ﬁf’ view

Scene flux
from nadir

CMOS camera
1296 pixel x
1040 pixel

Pointing
mechanism{main)

/

L 4
).
rd

FTS-
modulator

Primary parabola

BS3 MCT(B4)

on Dewar
Si(B1) InGaAs with InGaAs with and pulse
p/ TE cooler TE cooler  tube cooler
(B2) P/S (B3) P/S
K11 TANSO-FTS Jt# RGR B
Fig. 11 Optical schematics of TANSO-FTS

0.76.1.6 F12.06 um 3 M Bt ) TANSO-FTS, >k
FHIE 50 IR T W ARG T3 B, LA Si A1 B
InGaAs FRIMERHMT W K, RELLIME BOB 2R3 B
R FR G AR TE MCT 2% 1, MCT #8925 %
Jok nh A H A B  BIEE InGaAs FRI 5K FH A,
Hil% . FTS BOGIE RAE /T HEREN 0.2 em ™' fEIA
BB 6 HE 4> PE A FHWM 43 510 0.6 em ™' F
0.27 em™ ',

GOSAT DEIR %4 T —H = A R
10, FAE IE B B A 2 %) CO, R A 52
CAT( LI 12) F 30 FTS 55 X I 2 2 R
23 AR TR LA R CH, X FR 0 i g %) 5% 1), PR b
i CAL YR 25 R SEAT B IE B0# & 577 = 2R
JEE I MR It . TR A U BN iR 2
23 (B TR S /N ) B L FH T 4 A
B4 AN B ARPE LR 7, CAT 1 4 4
W FE 3 A YIRS H N, BN 40 kg, I
4100 W,

\». .
Instantaneous
Instantaneous FOV FOV{band 4)
{hand 1.2,3)
500 My A X\ NONTREREREN, ]5"”“’\
500 m | 500m |
! 1000 km(FOV) ! I 750 km(FOV) !
\ Flight direction \ Flight direction
[Bands 1,2.3] [Band 4]

Kl 12 TANSO-CAI AMEIE 58 2 981
Fig. 12 Outside view and cover width of TANSO-CAI

%7 TANGO-CAI 4 /i Bk %5t AR

Fig.7 Spectral band choice illumination

Observation Center Spatial Number of .
) ) Instructions

band/pm  wavelength/nm resolution/km pixels

0.380 20 0.5 2 000 No O, absorption, low surface reflection

0.674 20 0.5 2 000 No increase in albedo of vegetation, no effects

' ' on 0,-B and H,0 absorption
0.870 20 0.5 2 000 No interference of moisture absorption
160 %0 s 500 Avoiding H, O absorption, providing CO, and CH, correction,

without effects of the detector cutoff wavelegnth
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S CO, W FERG FE I AR R THHEAR[ (3 ~4) x
10 JHY TR W18 43 45 - B GOSAT SR XS
HNFAE FELSR 55 R 7 H% () TANSO-FTS, X %E b b
ARELRAEH BT, R AR A B0

OCO ( Orbiting Carbon Observatory ) T B J&
2009 4F 2 H 5 [E NASA & S — N RIEKRS
CO, WL TIA | 728 8 AT MR, 4 INAT: 55 4
%% 2.78 3T, T 2002 4E 7 H %) A NASA HiEk
REHFRIT, DEBEEKKN 212 m, TN
0.94 m, 5 K 441 kg, HIJFE N 813 W, HliE N
705 kn K BHEI G HARTE , B 99 min, [B1)3 ] 1
16 d, Wi R 2 a, B s E R 1:15, 5

F .
""‘\\85 2

(b) Glint

EOS 1 Aqua.Aura,CloudSat ,CALIPSO ,PARASOL
L[ TAE, RGP {5 2., 0CO F 2009 42 H
RS AR T AR TR R I B e A e
SECTI R A R AR P B ek, B AT IEAE AT
JREEEL(0CO-2) W, BT 2013 4E & 57,

SR T v ) R S A O R SR A Y T
P, 0C0 $ERHL 3 Fivbn o (A IR KNE | I
FEAREE, G 13 BroR, OCO X #% B A7 45 )
S GBS, O R TR0 00 30 3 TR AR e e
AR 1T B EITEE A 3 HOEHE S AL,
BEAE S — LR N 11 em IR ZEMMK RS, 4
HORyPE O BN F R 1.8, 0N
100 mm"")

Geolocation
accuracy

(c) Target

K13 0CO Ky 3 L
Fig. 13 Three observation modes of OCO

0.760 pm O,
1.61 pm CO,
2.06 pm CO,

Diffraction grating Telescope/relay

Light

Collimator lens

Light

) Linear polarizer
Cold filter

0.76 um spectrometer ¢
Focal plane

Camera lens

Re-collimator(inside)

Focal plane Assy's

Spectrometer Assy

Grating

Instrument
mounts

Telescope

Camera lens-spectrometer

14 0COE# RGN EES =445t
Fig. 14 Optical system schematics and 3D structure diagram of OCO
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et RS E B, P, My
WA BB A TR B, 0CO 1Y%
SERGAERINE 14 Frs

TAICTHER LS — D A BREE, — A RGE

S LA, — T T SR A AT — A~ XGE B AR

Bk,

&8 O0CO HEERAIER
Tab.8 Specifications of OCO

0co Parameter
Tropospheric gases measured Cco,, 0O,
F number 1.8
Instruments 3-channel grating spectrometer
Viewing modes Nadir/ Glint/Target
TFOV/Swath ( km) 1.29 x2.25/5.2
Samples/d 500 000

Spectral range/ pm
SNR (nadir, 5% albedo)
CO, precision
Orbit altitude
Local time
Revisit time
Each spectrometer slit dimension(3 in total )
Nominal life
0CO dimension
Weight
Required power
Each focal plane array(3 in total )
Field of view( the slits produced)

0.757 ~0.772, 1.59 ~1.62, 2.04 ~2.08
>300@1.59 ~1.62 pm, >240@2.04 ~208 pwm
1 x 10 "% (part per million)

705 km
13:30 £0:1.5
16 d/233 Orbits
~3mm X ~25 pm(0. 1 inch x0.000 98 inch)
2a
1.6 mx0.4 mx0.6 m(5.3 feet x 1.3 feet x2 feet)
Approximately 135 kg(298 pounds)

Less than 125 W

1 024 pixel x 1 024 pixel array with 18um by 18 pm pixels

Approximately 0.01°(wide) x0. 8°(long)

3 AT AR R FH RV 1) 45 44 I i R — 1 ]
FE R A ORE T DA R 2R 40 04 W RS 1
EATZ AN 200 R A BE RS BB A L
X 2 H A T ELA AN [ 18 1 B R e 1

0CO ffi 1] 3 1 024 x 1 024 £ - i [ 51
(FPA) 43300 5t 38 3 B — > o0t iy o, I A
R 3 Hz, TEFREEBFHIF OCO 1L, IR H )
BRI 28 J& 3 4 Teledyne HIRG-18 FPA, I —>
HyVi SI FPA il & 40 <% Be, J P 4> HgCdTe
SWIR FPAs I 5 CO, BB,

PRIZS 0 RAT e/ G R FE R DL B
W T RGN R 1 B de RF

OCO Y RGN ALt B 40N P AT G
ANBEIG R REAE — A0 B B
HROEHEA TG R G, SR T — A

PR PG HR A AR AR A ) B 1) 640 B ok, &t
—ANERFURBEAY . B UE UL A — A B AL %
AT BERRUE L , 230 i 5 CO, Al O, T Jg%
Pt I 1% 1A I8 BT BEL 3 JHG A 75 2 1) 18
B, SR ARER O N R EAES Gt
AIpesE b B2 3 mm, G824 25 pm , X4
A R B 72 A — 249 0. 000 1°FE 1 0. 014 6° K
Y, 65 a A G PeaE R IR Y EAE — A~
TH RS, FH DABH P40 S0 A 75 22 19 D i Ol I ok
SRR, MR e A ST A S B4 5, —A4~
T TTE SRR L, SR A T R R AT T, 48
1 IO A R B R A R BB I R SR R A
A fE TV IH MRS b, BT RIS R R N 2 2
180 K, FEE IR BHPS AR A A% AR A5 5
Wit 2 298 HARZE G ULIE 15,
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@
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K15 0CO St R GE M 4 [
Fig. 15  Structure diagram of OCO optical system

TEAEASE 8 HOT B9 IE7E B> PR
R (FPA) B9 G 1E% 4E 7 1] (spectral dimension )
BHAEIA 14 1 024 pixel |-, 1l TAAEK M
PR, ETE FPA A28 [l 4E 5 10 b HAR S 72 R 24
190 pixel I, OCO &M & —1> 190 pixel H?
9160 pixel R & LHT A& REER I, 16—
Rl FPA L 3 Hz 4505 1 SR W b i H 4
o T AR 15 E s R T B A M L, 7R
FPA AT FRRAE 2 )5 [ A 4B Y 20 pixel ;=4 8 A4~
2 EPEEPDEHE . W E B A PR EDERE S IR
TCIBRAE F ML 292 1.8 mrad (0. 1°,705 km %

®  Requirements:
=10 km swath
=35 cross-track samples
=24 samples/s
=3 km?¥sample

* Implementation
Swath: (10.3£0.3) km

X-track samples: 8
Samples/s: 24
Sample area: 2.92 km?

*  Comments
Swath was setat (10.3+0.3) km

* 10.0 km is minimum
* 10.6 km hits the 3 km? limit

IFOV ¢

WRIESPRLH 1.3 km ), BEEEAE I 1Y
FATEE HA 0. 14 mrad BB SR R Ge TR B T8k
ZE7 1) B FA AR TR B 0. 6 mrad, AT LRI AL 3 4
o iea WILE KT ITRG

bR T AEAS [ 4E LY 8 4~ 1024 pixel 25[H]
SEEDGIE , A OETHIR [E] 4 ~ 20 S GTE R AR
KA E PeaE )y nl S B By =S Al 3 HERR B —
NSRBI RE S T FPA 1Y 220 pixel 52,
it FH 30 5 114 25 [ 3 B S  €8 S SOR 0 25 [
AP I W D AR SR RS 1) 22 B0, DL 16 i
17[31-33] 5

causes footprints to
be parallelograms

20 pixels per spatial sample

K16 OCO Fy B A 5 5 1 S B ik
Fig. 16  Resolution and swath realizing method of OCO
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16 outputs
| column X 250 rows (each output 64 column wide)
“Super pixel” A ~ 4-20 full resolution
(1 column X 20 rows) I RS RRRERRRRRRR NI “color stripes”

=

(1 column X 190 rows)

N

Spatial direction

Spectral direction

FWHM of the
slit is sampled
by 2 to 3 columns

K17 0CO KLk RIT &I ik
Fig. 17  Spectral pixel admixture method of OCO

3 BE ARE RTINS ZE 6 R R A

TR SARERI 2 — S0 A L o A 24 i
YL 18 4 /E CarbonSat . &2 & JA ML k=,
CO, W TAE RVER X #5019 N S B CO, 4RI 11 4= BR
B35 M\AS 6] 43 B A0 (4] J5) 440 9 A4S O T 4 th T
B M EESR  HREAETE 24 h LA 2 km x 2 km
T 0 PR S P 4 BR 7 26 UL, 5 0 1 A A B )
TAE, — W s b ik 2 500 km,

BEAb, 25 3 S e r S 107 ) R S 00 =2 1 3h 2
BRI 4] G T A R T 2 A T S
K I —AN T Ey [], X Fh BT AL = O AR A T
DABRE A TR R RSB 1) s A T L i A
g‘[%] .

A2 A R 7 SR R & ROk A, Kok
CO, S H AR E SR AR B & EEm LT
TR JE .

(1) m GRS He, $2 i LIRS 2
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(3) Do RE LR, B 3 9 EAE 1 000 km DL b
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o
4 R
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[l N 22 TR L RO KL
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