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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 1t 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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1
Tab.1 Parameter contrast of main greenhouse gas remote sensing instruments
Specifications 0Co GOSAT SCIAMACHY AIRS IASI
Tropospheric 0. 0 CO, CH, O, 0, 0, N,O0 CH, CO (€O, CH, O, CO CO, CH, O; CO
gas observation 2 0, H,0 €0, H,0 SO, HCHO H,0 SO, H,0 SO, N,0
Whole | Whole | Whole 1
o o a,yer o a,yer o a,yer Middle of Middle of
CO, sensitivity ( Including ( Including ( Including
X X troposphere troposphere
near-surface) near-surface) near-surface)
Ground
) 1.29 x2.25/5.2 FTS:10.5/80 ~790 30 x60/960 15/1 650 12/2 200
resolution/km
CO, precision 1~2 4 14 1.5 2
3—channel grating ~ CAl 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 1 296 000
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/ pum 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 ~2000@4.2
. >300@1.59 ~1.62 ~120@1.56 ~1.72 ~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/
o 16/233 3172 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 Table continued
1 CO, Number of spectrometer channels
1 1 0Cco o, Polarisation measurement device channels: 7
1 %x10°° ( 0.3% ) GOSAT In-flight calibration H/W Parameter

On-board diffuser: Ground-blasted aluminium reflection
diffuser
Inlight calibration source: Spectral line source: Hollow
CO, 14 x cathode discharge lamp Pt/Cr cathode with Ne
10°°¢ . filling

4 x107% SCIAMACHY

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

o

Thermal control: Parameter
2.1 SCIAMACHY
Optical bench nominal temperature: 253 K
SCIAMACHY ( ESA) Optical bench orbital temperature variation: 0.25 K
ENVISAT 2002 3 Detector array orbital temperature variation: 0.02 K
- SCIAMACHY Measurement data Parameter
Data processing Coadding
(240 ~1 750 nm+1 940 ~2 040 nm.2 265 ~ Nominal data rate/( bit/s) 400. 00
2 380 nm) O 2 - 1 5 nm ngh data rate/( blt/%) 1867.00
Absolute datation:
<1% <2% ~4% . SCIAMA-
5 Accuracy/ms 10
CHY 2 ° Relative datation
Accuracy( PMD/Spectrometer detectors) 1 ms
2 SCIAMACHY Budgets Parameter
Tab.2 Key technical indexes of SCIAMACHY Mass( Budget) /kg 198
s g
ENVISATH orbit: Parameter Power( Budget) /W 122
Orbit per day/( 1/d) 14 11/15
Repeat cycle/d 35 N /
Orbit period/min 100. 59 3
Mean local time at 10:00 ( DOAS Differential Optical Absorption
Descending node S
Inclination/( °) 98.55 pectroscopy)
Orbit radius/km 7159.5 ° DOAS
Orbit velocity/(m * s ™" 7.45 20,
Mean altitude/km 799.8 0, 0,(1D) O, BrO OCIO CIO SO, H,CO NO
Scanner unit NO, NO, CO CO, CH, H,0 N,O. CH,
Number of axes 2
umber of axes 1% CO,
Angle resolution/( ") 2.5
Telescope Parameter . )
Nadir SCIAMACHY
Aperture diameter 31 mm )
Spectrometer Parameter °
0.045° x 1. 8°
Entrance slit size 0.19 mm x9.6 mm
Instaneous field of view size 0.045° x1.8° £500 km 1000 km.
Sun aperture size 0.06 mm x3mm 4 s - 3/C

Sun aperture instaneous field of view size 0.045° x1.8°

o 62.5 ms
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16 km o ( )
25 km 1. 8° 800 km o 1. 8° 100 km
» Nadir (0.045°)
N 2.6 km o
N . 100 km
Nadir 34 o
Limb o 2
2 SCIAMACHY 3
Fig.2 Three work modes of SCIAMACHY
Limb Nadir
1 000 km.,
Limb 1 km o
Nadir Limb
o 18 o
N SCIAMACHY 3 o
SCIAMACHY (1) ( Optical Assembly) : SCTAMA-
Limb 2, CHY °
2 s 8
3 SCIAMACHY
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 1024 Si 235
4 604 ~ 805 0.42 1024 Si 235
5 785 ~1 050 0.55 1024 Si 235
6 1000 ~1 750 1.56 1024 In, o Gay 4 As 200
7 1940 ~2 040 0.21 1 024 In, , Gag 5 As 150
8 2265 ~2 380 0.24 1024 Iny 5, Gay 15 As 150

© 1994-2012 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net
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(2) ( Electronic Assembly) : 13.5 km * .
N o AIRS (3.7 ~15.4 pum)
(3) ( Radiant Cooler Assembly) : 2 378 4
2.2 AIRS ( Cutting-edge in-
AIRS 2002 5 4 frared technology)
6 o 2002 5
o 2 378
3.7 ~15.4 pm o
( footprint) 13.5 km 1 200, 1 K/km 0.5 K/kmo,
0.6° x1.1° AIRS 4,
0.6° 705 km 1.1°
4 AIRS
Tab.4 Key technical indexes of AIRS
AIRS Parameter
Spectral coverage 3.74 ~4.61 pm 6.20 ~8.22 pm 8.8 ~15.4 pm
Spectral resolution( A/AA) 1200
Spectral samples 2378
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
1st stage
2nd stage

Earth shield

30.5)
Scan assembly
IR focal plane assembly

z (42.4) (26.7) Spectrometer
Dimensions in mm

3 AIRS

Fig.3 Instrument structure of AIRS
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ousing baffle e 150 K IR 60 K
Scan mirror 273 K. IR
Spectral
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Photometric 400 ~1 000 nm 0
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Motor-encoder ass'y Sun shields
300 K. IR VIS/NIR
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Fig.4  Structure of AIRS .
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AIRS  3.74 ~15.4 pm 3 9 pixel 0. 185°
1 200 1086 ~1 570 2.3 km . AIRS
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6
5 IASI
IV Spectrometer entrance optics . .
(;- --------- | Tab.5 Specification of IASI
i Sean mirror s
""""""""""""""" 6 1 5 TASI Parameter
= L
Co = =) 3.62~15.5 pm
Fore opti | v Bl: 8.26 ~15.5
T Scan miror St 12 %4 Spectral bands pm
1 o e e = B2:°5.0~8.26 pm
§ Boak oastape sesondary G 1% B3: 3.62 ~5.0 pm

6. Back telescope primary

—-48°207/ +48°20”

7. Entrance filier sei(11)

& Entrance shi(11 apertures) /4
9. Afocal relay primarv(] 1) 17

10, Afocal relay secondary(11)

11. Sphere

12 Relay miror

13 Tuning fork chopper(1 aperture only)
14. Collimater mirror

15. Echelle grating Spectrometer exit optics

Field of view

D: 12 km
8 ~70 nm(0.35~0.5 ecm ™)

Spatial resolution

Spectral resolution

16. Schmidi camera fold mirror
17 Sehmide mirror

1% Dewar window

19, Field flanener lens

20, Facal plane filterset(17)

21. Detector array modules(12)

6

Fig.6  Structure of optical system

2.3 IASI

IASI ( Infrared Atmos—

pheric Sounding Interferometer)

METOP ( 7) 2006
. TASI N
. TASI
1 km 10% -
1 K 2425 .

7 TASI
Fig.7 Photo of IASI instrument

TASI
3.7 ~15.5 pm

( TANSO-FTS)
~12.5 um .

o 1ASI

1.5 MB/s( average)
1.1mxl.1mx1.2m
<200 kg
>55 Hz( during launch)

I\
19 20 21 Data flow
Dimensions of sounder

Mass sounder

Stiffy
tiiness >6 Hz( in orbit)
Power consumption <240 W
Reliability >0.8
Availability >97.5% (5 a)
10 TASI ( 8)
o a
B
a o
0. 15 mrad. +48°20° 8 s

Flight direction

Swath width: 48.33°

“30th step
Angle between steps:3.3°

8 IASI
Fig.8 Scanning work mode of TASI

10.3

TASI

cold optics o cold op-
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tics 3 2.4 TANSO
GOSAT Co,
9, CH,
TANSO
TANSO-CAI( Cloud and Aerosol Imager)  TANSO-
FTS. TANSO-¥TS 0.75~14.3 pm
Afocal COz
40‘;”@ mirror
ey cube corner ‘\ 0.76 pm - 1.6
i - _._..-j':.f"' 2.06 pm Co, 1.6 pm
Focusing P
mirror o - et o CH4 - 5.5 ~14 m
L - Scan mirror
.E‘égh CO,.CH,. Co,
CH, .10 TANSO-TS
Afocal 2nd mirror  Fixed cube corner COZ . TANSO-FTS
9 IASI 6
Fig. 9 Optical system structure of IASI 0.2 em ™'
—‘/_n 1 4—>E
~J
Light source ground
Interferogram
FTS
2.0
1.6
12 e
08
0.4
O'DERI'!,E:‘,': Fiiil BFEEERE
B Global distribution
CO, and CH, absorption spectra Siee fd il o aren
10 TANSO-FTS CO,
Fig. 10 TANSO-FTS data retrieval flow
6 TANSO-FTS
Tab. 6 Specifications of TANSO-FTS
Technical parameter Band 1 Band 2 Band 3 Band 4
Center wavelength/pm 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, CO, CH, co, CO, vertical distribution
Weight/kg 250
Dimensions/m 1.2x1.1x0.7
TANSO-¥TS 11 4

AY FTS AY
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Fig. 11 Optical schematics of TANSOFTS 100 W.

nstantaneous’
FOV(band 4)

1500 m

12 TANSO-CAL

Fig. 12 Outside view and cover width of TANSO-CAI

7 TANGO-CAI 4

Fig.7 Spectral band choice illumination

. T000 km(FOV) 1 I 750 km(FOV)
\ Flight direction \| Flight direction
[Bands 1,2,3] [Band 4]

Observation Center Spatial Number of .
) . Instructions

band/pum  wavelength/nm resolution/km pixels

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

0.674 0 0.5 5 000 No increase in albedo of vegetation no effects

’ ’ on O,-B and H,O absorption
0.870 20 0.5 2 000 No interference of moisture absorption
L 60 % s 500 Avoiding H, O absorption providing CO, and CH, correction

without effects of the detector cutoff wavelegnth
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Fig. 13 Three observation modes of OCO
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161 o Spectrometer Assy
.61 um CO,
2,06 um CO, Re-collimator(inside)
Diffraction grating Telescoperelay . 4 :
_ Collimator lens l ight 3 R Y Grating

Lzt Instrument

mounts

Linear polarizer
Cold filter

~
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0.76 um spectrometer Telescope

Camera lens Focal plane Assy s Camera lens-spectrometer

14 0CO
Fig. 14  Optical system schematics and 3D structure diagram of OCO
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. 0CO
14 ° °
8 0OCO
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
IFOV /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 pym >240@2.04 ~208 um
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 pwm pixels
Approximately 0.01°( wide) x0.8°( long)

3

0Cco 3 1 024 x 1 024
( FPA) o

3 Hz. 0Cco

3 Teledyne HIRGH8 FPA

HyVi SI FPA HgCdTe
SWIR FPAs Co, o

0Co

COo, O,
+1%
3 mm 25 pm
0.000 1° 0.014 6°

180 K
15,
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Thermal
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Fig. 15  Structure diagram of OCO optical system
1.3 km ) .
( FPA) ( spectral dimension) 0. 14 mrad
1 024 pixel & 0.6 mrad 3
FPA o
190 pixel . OCO 190 pixel 8 1024 pixel
160 pixel o 4 ~20
FPA 3 Hz o
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FPA 20 pixel 8
o 16
1.8 mrad(0.1° 705 km 17,
. Requimmentg: Satellite direction II“ .IL.||'VI(W
=10 km swath - #M&_Ez

=5 cross-track samples
=24 samples/s
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¢ Implementation
Swath: (10.3%0.3) km

X-track samples: 8
Samples/s: 24
Sample area: 2.92 km?
* Comments 68 m |Roelling FPS readout
Swath was set at (10.3+0.3) km 103 km _L causes footprints to
* 10.0 km is minimum IFOV & \ be parallelograms
* 10.6 km hits the 3 km? limit T~ T

20 pixels per spatial sample

16 0CO
Fig. 16  Resolution and swath realizing method of OCO
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