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REVISION RECORD

Ver.1.0 March 24, 1994
Ver.1.1 November 1, 1994
Ver.1.2 April 28, 1995
Ver.2.0 October 24, 1995
Ver.2.1 December 26, 1995
Ver.3.0 November 1, 1996

Major Changes from Ver.2.0 to Ver.2.1

. The pointing stability data of the ASTER instrument was added.

Table2-23 in page 13

. Temperature coefficients were given for each detector instead of each band.

Figure 2-4 in page 19

. Non-linear temperature coefficients were added to the correction of offset for SWIR.
Figure 2-4 in page 19

. Some VNIR supplement data were del eted.

Table 2-24, N0.35 & 36 in page 20

. Coordinate transformation module for map projection was moved to the Level-1B processing
from the Level-1A processing.

Figures 3-1, 3-16, 3-17, 3-18 and 3-21 in pages 25, 49, 50, 51 and 55, respectively

. Flexibility for the map projection and the resampling methods was added in the Level-1B
processing.

Figures 3-21 and 3-22 in pages 55 and 56, respectively
. The psudo-affin coefficients were removed from the Level-1A data product.
Figure 3-19 in page 52

. The size of the scene for band 3B was increased from 63 km to 69 km in the along-track
direction to compensate the terrain error contribution.

Section 3.8 in page 48
Figures 3-19 and 3-23 in pages 52 and 57, respectively

. The pixdl size of the Level-1A scene for band 3B was increased from 4100 to 5000 in the
cross-track direction.
Figure 3-19 in page 52

10. Description on "Theoretica Basis of Radiometric Correction” was largely revised.

Section 8.3 in pages from 100 to 105
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11.

12.

13.

14.

15.

16.

17.

Major Changes from Previous Version (Ver.2.1)

. The spacecraft position knowledge and pointing knowledge are updated.

Table2-2 in page 2 and Table 2-4 in page 3

. The geolocation knowledge of the spacecraft is updated.

Table2-5inpage4

. The spectral and the radiometric performances are updated using the measured results.

Table2-9 in page 7 and Table 2-11 in page 8

. The instrument pointing performances are updated using the results of PFT.

Tables 2-19to 2-23 in pages 12 and 13

. The Pixel geolocation knowledge table is added.

Table2-24 in page 14

. The sensor radiometric model and the data base are dightly modified.

Section 2.2.6 in pages 18 to 19

. The radiometric coefficients generation method is dightly modified.

Section 3.4 in pages 36 to 40

. The DC clamp correction is dightly modified.

Section 3.5 in page 41

. The inter-telescope geometric correction algorithm is dightly modified.

Section 3.7 in pages 44 to 48

. The contents of the Level-1A products are dightly modified.

Figure 3-19 in page 52
. The Level-1B processing method is dightly modified.
Section 3.12 in pages 56 and 57
GCP Preparation Plan is added
Section 4.4 in page 63
The description of the granularization is simplified.
Chapter 6 in page 81
Onetest datais added.
Figure 7-5 in page 89
The agorithm evaluation results of the SWIR parallax correction are updated.
Section 7.3. in pages 90 to 92
The agorithm evaluation results of the inter-telescope registration correction are updated.
Section 7.4 in pages 93 to 97
The theoretical basis of the geometric system correction is largely updated.
Section 8.2 in pages 103 to 108
The theoretical basis of the radiometric correction is largely updated.
Section 8.3 in pages 108 to 113
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Response to Review Panel Recommendation

1. Band-to-Band Registration:

Recommendation

The Review Panel showed some concern about band-to-band registration by image matching
and recommended to investigate the possibility of employing both optical aignment methods
and alternative spectral acquisition timing.

Response
We understand that automated image matching is indispensable for ASTER Leve-1 processing,

although it is very challenging techniques.

We can not accept Panel recommendation, because of a big impact to instrument design.
Instrument design was finalized at CDRsin last November.

The evauation results for the automated image matching are included in this version of ATBD.

2. Signal-to-Noise:

Recommendation

The Review Pand showed some concern about low signa-to-noise characteristics and
recommended changing gains.

Response

Each ASTER spectrd band has a independent variable gain function, athough it would not
have a significant effect on the signad-to-noise ratios. The signa-to-noise could not be
significantly improved without sacrificing either spectral and spatial resolutions.

The measured vaues of the signal-to-noise characteristics for PFM are included in this version
of ATBD as the back ground information of the instrument.

3. Cdlibration:

Recommendation

The Review Panel noted that the Level-1 ATBD did not describe much detail on cdibration
procedure and recommended to dedicate considerable attention to the instrument calibration
problem.

Response
We understand that we need more work to establish the calibration procedure.

An our idea on update methodology for radiometric and geometric coefficients is described in
thisversion of ATBD.
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1. INTRODUCTION

ASTER is an advanced multispectral imager which is selected by NASA to fly on EOS-AM1
polar orbiting spacecraft with other 4 sensors in June 1998, and covers a wide spectra region
from visible to therma infrared by 14 spectrd bands with high spatid and spectrd and
radiometric resolutions. ASTER stands for the Advanced Spaceborne Therma Emission and
Reflection radiometer. The EOS-AM1 spacecraft will operate in a circular, near polar orbit a
705 km dtitude. Theorbit is sun-synchronous with a loca time of 10:30 am. The recurrent
cycleis 16 days.

The basic concept of ASTER is to acquire quantitative spectral data of reflected and emitted
radiation from the earth's surface in the 0.5-2.5 and 8-12 um amospheric windows at spatia
and spectra resolutions appropriate for various science objectives. The generd purpose of the
science investigation by ASTER s to study the interaction among the geosphere, hydrosphere
cryosphere, and atmosphere of the earth from geophysica point of view. Specia features to be
stressed for ASTER compared to other optical imagers are; (1) spectral data acquisition with a
high spatid resolution of 15 m in visible and near infrared regions, (2) stereoscopic capability
in the aong track direction, (3) high spectra resolution in short wave infrared region, and (4)
high spectral and spatia resolutions in thermal infrared region.

More specific areas of the science investigation can be listed as; (a) geology and soil - the
detailed compositional and geomorphologic mapping of surface soil and bedrocks to study the
land surface processes and the Earth's history, (b) volcano monitoring - monitoring of
eruptions and precursive events such as emission of volcanic gases to atmosphere, eruption
plumes, development of lava lakes and fumerolic activity, eruptive history and eruptive
potentia, (c) carbon cycling and marine ecosystem - the atmospheric carbon dioxide being fixed
into cord reefs by measuring the accumulation rate of cord reefs, (d) aerosol and cloud -
observation of amospheric aerosol characteristics and various cloud types, which are useful
for the atmospheric correction of the surface retrievad, (€) evapotranspiration - the knowledge
of the difference between air temperature measured in situ and canopy temperature derived from
ASTER radiance measurements, (f) hydrology - understanding of global energy and hydrologic
processes and their relationship to globa changes, (g) vegetation and ecosystem dynamics -
investigation of vegetation and soil distribution and their changes to estimate biologica
productivity to understand land-atmosphere interaction and to detect ecosystem changes, and
(h) land surface climatology - investigation of land surface parameters, surface temperature etc.,
to understand land-atmosphere interaction the energy and moisture fluxes.

To meet a wide spectra coverage, optica signa sensing units of ASTER are separated into
three subsystems, that is, visible and near infrared radiometer(VNIR) subsystem, short wave
infrared radiometer(SWIR) subsystem and therma infrared radiometer(TIR) subsystem,
depending on spectrd regions from technologica point of view. Both VNIR and SWIR images
are obtained by the pushbroom scanning employing linear array detectors of Si-CCD and PtSi-
CCD, respectively. The Si-CCD for the VNIR includes 5000 detectors for each spectra bands.
Only 4100 detectors among 5000 are enough for nadir looking images with aswath of 60 km,
including a redundancy. For backward stereo images, extra detectors are necessary to
compensate the earth rotation to cover 60 km swath. Therefore, full 5000 detectors are used for
the stereo data acquisition. The PtSi-CCD for the SWIR subsystem consists of 2048 detectors
for each spectrd band. While TIR images are obtained by mechanicd scanning with 10
HgCdTe PC type detectors for each spectra band, that is, 50 detectorsin total.

The ASTER instrument configuration mentioned above gives rise to necessity of the ground
processing on the generation of Level-1 data products which are radiometricaly cdibrated and
geometricaly registered. This document describes the concept of Level-1 processing agorithm
on the ASTER Ground Data System, including the theoretical basis of the algorithm.
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2. BACKGROUND INFORMATION

2.1. Spacecraft Orbit and Pointing Information
2.1.1. Orbit Parameters

Geometric parameters depend on the orbit parameters. For example pixel and scene sizes
depend on the dtitude of the spacecraft. Therefore, orbit parameters and their accuracies must
be considered for the Leve-1 agorithm development. The instrument design on the geometric
parameters is based on a nomina spacecraft dtitude of 705 km at the equator. The orbit
parameters listed in Table 2-1 will be considered to devel op the algorithm.

Table 2-1 Orbit Parameters

Orbit Sun synchronous
Descending
Semi-magjor axis (Mean) 7078 km
Eccentricity 0.0012
Time of day 10:30 = 15 min. am
Altitude range 700 - 737 km
(705 km at equator)
Inclination 98.2° + 0.15°
Repeat cycle 16 days (233 revolutions/16days)
Distance between adjacent orbits | 172 km
Orhit period 98.9 min
Orbit position knowledge +150 m/3 axes, 3s
Repetition accuracy +20 km, 3s

The design vaues of the position knowledge is much better than the specified ones. Table 2-2
shows these values presented at the spacecraft CDR.

Table 2-2 Prediction of Position Knowledge

Direction Specification (3s) Prediction (3s)
Radia Position (m) +150 3.6
Along-track (m) +150 11.1
Cross-track (m) +150 5.4
Notes

Three non-optimal 9 minute TDRS contacts per orbit, GIM 2 Geopotentia (30 x
30), solar flux of 175, 5% Cd error, TDRS ephemeris error of 75 meters.
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2.1.2. Pointing Performance

The pointing performance of the instrument and the spacecraft is vital for band-to-band
registration of ASTER, since ASTER optics consists of three telescopes. Boresights of each
telescope must be stable enough to satisfy the required registration accuracies which are £0.2
pixes for intra-telescopes and +0.3 pixes for inter-telescopes. The pointing stability consists
of the instrument alocation (instrument boresight-to-mounting interface) and the spacecraft
dlocation (mounting interface-to-Earth frame of reference). These alocations are described in
ASTER UIID so as to meet the required band-to-band registration. The pointing performance
a CDR stage is shown in Table 2-3 and compared with the dlocated requirements for the
Spacecraft. Total requirements for the jitter and stability of boresight are described in Section
2.2.4.

Table 2-3 Pointing Stability Performance of Spacecraft
(Unit; arcsec-3s, Peak-to-Peak)

Time Scale Requirements Design Vaues Note
Roll | Pitch [ Yaw | Roll | Pitch | Yaw
10saSWIR& TIR| 3 3 4 - - - ITR
1.8 sa SWIR 2.7 2.7 4 2.0 0.8 2.0 BBR
9sa VNIR 10 10 10 3.2 1.9 8.3 DEM
420 sa MISR 14 14 14 1104 | 7.9 15.6
480 sa VNIR 17 16 16 - - - Geolocation
Note BBR; Band-to-Band Registration

ITR; Inter-Telescope Registration ~ DEM; Digita Elevation Model
TIR pointing mirror disturbance is not included in the design values. Therefore, the
final design valuesincluding the TIR disturbance might be dightly increased.

Table 2-4 shows the pointing knowledge and accuracy of the spacecraft. Design values are
those expressed at the spacecraft CDR.

Table 2-4 Pointing Knowledge and Accuracy of Spacecraft

Specification Design Values
(Each Axis) Dynamic Error Static Error
Roll | Pitch | Yaw | Roll Pitch | Yaw
Pointing knowledge
(arcsec, 39) +90 +10.6 | £13.1 | 9.3 | +43.2 | £32.6 | +50.4
Pointing accuracy
(arcsec, 39) +150 +11.7 | £14.2 | £12.8 | +53.3 | +45.1 | +83.0

Table 2-5 shows the pixd geolocation performance of the spacecraft which is caculated with
RSS of the pointing knowledge and the position knowledge shown in Tables 2-2 and 2-4,
respectively, for the nadir direction. The dong-track and the cross-track values are caculated
by the pitch and theroll errors, respectively. The yaw axis pointing errors and the radiad axis
position errors do not have significant meaning. The errors for the nadir direction may be
considered as common vaues with a good accuracy for al detectors even for a maximum
pointing angle of 8.55 degree for the normal operation.
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Table 2-5 Preciction of Pixel Geolocation Knowledge of Spacecraft

Predicted Values (3s)
Direction Specification (3s) Dynamic Static
Along-track (m) +342 +28 +111
Cross-track (m) +342 +25 +148

Notes
Three non-optima 9 minute TDRS contacts per orbit, GIM2 Geopotential (30 x 30),
solar flux of 175, 5 % Cd error, TDRS ephemeris error of 75 meters.

2.1.3. Ancillary Information

The Leve-1 processing needs the spacecraft orbit and pointing informations for system
correction. These informations are provided from the spacecraft to the instrument as the
ancillary datalisted in Table 2-6. The ASTER instrument multiplexes the ancillary datawith the
science data and send them to the spacecraft as the ASTER instrument source data, which is
amost identical to Level-0 data Therefore, the ASTER Levd-0 data include the spacecraft
ancillary data to make it possible to carry out the Level-1 processing without telemetry data
separately transmitted from the spacecraft to the ground station.

The performance information (TONS position and pointing knowledge) shown in Tables 2-2
and 2-4 represent near red-time caculaions on-board the spacecraft and are provided in the
ancillary data sent to ASTER over the C&T bus every 1.024 seconds. These attitude and
position data is refreshed every 1.024 seconds which is same as a communication frequency
between the spacecraft and the ASTER instrument.

The atitude and position datais sent to ASTER a minor cycle (8 ms) number 77. This results
in atimelag of 616 milliseconds between the time stamp in the ancillary dataand the clock time
a the communication between the spacecraft and the instrument. The sampling time of the
ancillary datarelative to the epoch of the time stamp is zero milliseconds for the TONS-derived
gpacecraft position and velocity data (red-time caculation using the rate data).
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Table 2-6 Spacecraft Ancillary DataM

e Contents (GI1S)

Description Notes Resolution* Range* Sampling
time**
CCSDS packet header for  downlink, used for
Packet Header ground routing and processing. May beignored by N/A N/A N/A
instruments
Secondary Heeder | Flag indicating "Non-CCSDS-Defined Secondary
ID Flag Header" Alwaysadatazero. Thisfiddis part of N/A N/A N/A
the secondary header of the packet for downlink.
Epock of the datain the ancillary data message.
Spacecraft clock timein CCSDS Day-Segmented
Time Stamp Format. The"P-field" is implied, and equals 1usxc 1958-2047 N/A
"01000001" binary. The codeepoch is 1958
January 1. Thisfieldis part of the secondary heeder
of the packet for downlink.
Flags for ground data processing control. First
(most significant) bit is the "quick look™" bit
which, when set to a data one, indicates that N/A N/A N/A
Flag Byte quick-look processing should beperformed. Other
bits are reserved and will contain detazeros. This
field is part of the secondary header of the packet for
downlink.
Estimated difference between UTC and the +8.3 x 10°
Time Conversion | Spacecraft Clock. This may be added to the 1pusc psec 0
Spacecraft Clock time to derive UTC time.
Spacecraft Estimated position of the spacecraft, expressed in 0.125 +268 x10°
Position the Earth Center Inertia frame (mean Equator and m m 0
(X,Y,2) Equinox of J2000)
Spacecraft Estimated velocity of the spacecraft, expressedin | 244 x 10 | +524 x10°
Velocity the Earth Center Inertia frame (mean Equator and m/s m/s 0
(X,Y,2) Equinox of J2000)
Attitude Angle The estimated attitude of the spacecraft, expressed 1.0 +2048 See Note 1
(Roll,Pitch,Yaw) | in the Orbital Reference frame. aACEC aACEC
Attitude Rate The estimated attitude rates of the spacecraft, 0.5 +1024 See Note 1
(Roll,Pitch,Yaw) | expressed in the Orbital Reference frame. arcsec/s arcsec/s
Magnetic Coil Currents flowing in each of the magnetic torquer | 15.6 x 10™° +2.0
Current coils used for Spacecraft momentum unloading. A A See Note 2
(X,Y,2)
Solar Array Current flowing from the Spacecraft solar array. 1.0 0-256 | SeeNote?2
Current A A
Solar Position Components of a unit vector, expressed in the
(X,Y,2) Spacecraft Reference frame, pointing in the 7.8x103 1 0
direction of the Sun.
Moon Position Components of a unit vector, expressed in the
(X,Y,2) Spacecraft Reference frame, pointing in the 7.8x 103 1 0
direction of the Moon.
Denotes fields within message which are resarved
Reserved for future application. These fields must not be N/A N/A N/A

interpreted by instrument.

Spacecraft issues an ancillary datamessage to each instrument once per major cycle(1.024 seconds).
(*); Resolutions and Ranges are approximate. Exact values are defined by format.
(**); Sampling time of datarelative to epoch of Time Stamp, in milliseconds.

1. Telemetry sampled once per 1.024 seconds.
2. Telemetry sampled once per 8.192 seconds
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2.2. Instrument Characteristics
2.2.1. Instrument Performance Overview

Table 2-7 shows the basdine performance requested in accordance with the science mission.
Table 2-8 shows more detail spectra passbands. Opticd signa sensing units of ASTER are
separated into three subsystems, that is, visible and near infrared radiometer(VNIR) subsystem,
short wave infrared radiometer(SWIR) subsystem and therma infrared radiometer(TIR)
subsystem, depending on spectra regions from technologica point of view. ASTER has 3
spectra bands in VNIR region with a spatia resolution of 15 m, 6 spectra bands in SWIR
region with a spatid resolution of 30 m and 5 spectrd bands in TIR region with a spatia
resolution of 90 m. In addition, ASTER has a stereoscopic capability with a base-to-height
ratio of 0.6 by using near infrared band 3 in the dong-track direction. Both VNIR and SWIR
images will be obtained by the pushbroom scanning with linear array detectors. The TIR
images will be obtained by mechanica scanning with 10 detectors for each band to decrease
NEAT.

Table 2-7 Base Line Performance Requirements

Spectral coverage 0.52 - 11.65 ym

15m(Bands1- 3)
Spatial resolution 30 m (Bands 4 - 9)

90 m (Bands 10 - 14)

< 0.5% NEDr (Bands 1 - 3)
Radiometric resolution < 0.5 - 1.3% NEDr (Bands 4 - 9)
< 0.3K NEAT(Bands 10 - 14)

Absolute radiometric <+ 4%
accuracy

< 3K (200 - 240 K)
Absolute temperature < 2K (240 - 270K)
accuracy < 1K (270 - 340K)

< 2K (340 - 370 K)
Signa quantization 8 bits(Bands1 - 9)
levels 12 bits (Bands 10 - 14)
Base-to-height ratio of 0.6 (along-track)
stereo capability
Swath width 60 km
Tota coveragein cross-track 232 km
direction by pointing function
Mission life 5years
MTF at Nyquist frequency 0.25 (cross-track)

0.20 (aong-track)
Peak datarate 89.2 Mbps
Mass 406 kg
Peak power 726 W
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Table 2-8 Spectral Passbands

Subsystem [Band No.| Spectrd range Radiometric Spatia
(um) resolution resolution (m)

1 0.52 - 0.60

VNIR 2 0.63-0.69 < 0.5% 15
3 0.76 - 0.86
4 1.600 - 1.700 < 0.5%
5 2.145 - 2.185 <1.3%

SWIR 6 2.185 - 2.225 <1.3% 30
7 2.235-2.285 <1.3%
8 2.295 - 2.365 <1.0%
9 2.360 - 2.430 <1.3%
10 8.125 -8.475
11 8.475 - 8.825

TIR 12 8.925 - 9.275 <0.3K 90

13 10.25 -10.95
14 10.95 - 11.65

2.2.2. Spectral Performance

The ASTER spectrd bands are shown in Table 2-8. The VNIR bands will be used for
topographic interpretation because of its high spatid resolution, and will be adso useful to
assess vegetation and iron oxide minerds. The SWIR bands are sdlected mainly for the
purpose of surface mineralogicd mapping. The ASTER SWIR will permit more detailed
surface lithologic mapping than Landsat TM and JERS-1 OPS. Discrimination of clouds from
snow will aso be possible using the SWIR bands. The TIR bands will be used to separate
temperature and emissivity of surface targets. Emissivity patterns derived from the five TIR
bands will be a powerful tool to estimate silica contents, which is important to characterize
silicate rocks that are the most abundant rock type on the earth surface. Table 2-9 shows the
spectral performance of PFM a PQR.

Table2-9 Accuracy of Spectral Bands

Central wavelength (um) Mometum Band width
Bands Center (uUm) (um
Specified Measured Measured Specified Measured

Vdue Vdue Vaue Vaue Vaue

1 0.56 + 0.01 0.556 0.556 0.08 = 0.02 0.09

2 0.66 + 0.01 0.659 0.661 0.06 = 0.02 0.06
3N 0.81+0.01 0.807 0.807 0.10 £ 0.02 0.10
3B 0.81 +0.01 0.804 0.804 0.10 = 0.02 0.11
4 1.650 = 0.010 1.657 1.656 0.10 + 0.020 0.092

5 2.165 + 0.007 2.169 2.167 0.04 + 0.010 0.035

6 2.205 + 0.007 2.209 2.209 0.04 + 0.010 0.040

7 2.260 + 0.007 2.263 2.262 0.05 + 0.010 0.047

8 2.330 + 0.010 2.334 2.336 0.07 £ 0.015 0.070

9 2.395 + 0.010 2.400 2.400 0.07 £ 0.015 0.068
10 8.30 £ 0.08 8.274 8.291 0.35+ 0.08 0.344
11 8.65 = 0.08 8.626 8.634 0.35+ 0.08 0.347
12 9.10 £ 0.08 9.072 9.075 0.35+ 0.08 0.361
13 10.60 £ 0.10 10.654 10.657 0.70 £ 0.12 0.667
14 11.30 £ 0.10 11.303 11.318 0.70 £ 0.12 0.593
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2.2.3. Radiometric Performance

Theinput energy is defined by the target radiance in front of each radiometer and called input
radiance. The maximum, the high level and the low leve radiances are specified as shown in
Table 2-10. The specification on radiometric accuracy is applied to the high leve radiance,
unless otherwise specified.

Table 2-10 Input Radiance (W/m2/sr/um)

Band | Maximum Input | High Leve Input | Low Leve Input
No. Radiance Radiance Radinace
1 427 356 71.2
2 358 298 59.6
3 218 182 36.4
4 55.0 45.8 9.16
5 17.6 14.7 2.94
6 15.8 13.2 2.64
7 15.1 12.6 2.52
8 10.55 8.79 1.76
9 8.04 6.70 1.34

Radiance of Radiance of Radiance of
10-14 370K 300 K 200 K
Blackbody Blackbody Blackbody

The radiometric resolution is defined by signa to noiseratio (S/N) for VNIR and SWIR bands
and noise equivaent temperature difference (NEAT) for TIR bands. The radiometric resolution
of PFM a PQR stage is shown in Table 2-11 for the high and low leve input radiances.

The instrument parameter for the radiometric resolution is signa-to-noiseratio (S/N) rather than
NEAr required by the science mission team. Therefore, NEAr is translated into S/N by using
the relation, S/N = (target reflectance)/NEAr. User's requirement is applied to the high level
input radiance. Therefore, 70 % target reflectance which is employed to estimate the high level
input radiance is used for the conversion between NEAr and S/N. For TIR bands, the
radiometric resolution is specified directly by user required parameter NEAT which is
convenient for instrument performance test.

Table2-11 S/N or NEAT

Band For High Leve Input Radiance For Low Leve Input Radiance
Specification Measured Vdue | Specification| Measured Vdue
(Max - Min) (Max - Min)
1 > 140 370-278 > 40 170-78
2 > 140 306 - 256 > 40 122 -74
3N > 140 202 - 173 > 40 70-58
3B > 140 183 - 150 > 40 72 - 56
4 > 140 466 - 292 > 35 368 - 63
5 > 54 254 - 163 > 135 77-45
6 > 54 229 - 150 > 135 73-36
7 > 54 234 - 151 > 135 72-35
8 > 70 258 - 165 >175 81-34
9 > 54 231 - 156 > 135 73-44
10 <0.3K 0.17 - 0.07 K <25K 1.34 - 0.68 K
11 <03K 0.14 - 0.09 K <25K 1.27 - 0.63 K
12 <03K 0.13-0.07 K <25K 1.05-0.42 K
13 <03K 0.09 - 0.05 K <15K 0.49 - 0.26 K
14 <0.3K 0.13 - 0.09 K <15K 0.65 - 0.33 K
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The VNIR and SWIR bands have 3 and 4 gains, respecively, as shown in Table 2-12. The
gain setting for each band can be selected independently.

Table2-12 Gain Switching Function

Band No. | High Gain [ Normal Gain | Low Gain-1 | Low Gain - 2
1 2.5 1.0 0.75 N/A
2 2.0 1.0 0.75 N/A
3 2.0 1.0 0.75 N/A

4 2.0 1.0 0.75 0.75(TBR)

5 2.0 1.0 0.75 0.17(TBR)

6 2.0 1.0 0.75 0.16(TBR)

7 2.0 1.0 0.75 0.18(TBR)

8 2.0 1.0 0.75 0.17(TBR)

9 2.0 1.0 0.75 0.12(TBR)
10-14 N/A N/A N/A N/A

2.2.4. Geometric Performance

The instrument parameter on the spatid resolution in the cross-track direction is the
instantaneous field of view described with angle (IFOV angle). Therefore, the spatia
resolution on the ground depends on the platform dtitude. Table 2-13 shows the IFOV angle
which is specified so as to meet the spatial resolution described in Table 2-7 for the nadir
direction from a spacecraft dtitude of 705 km. The instantaneous field of view in the cross-
track direction is defined by pixe-to-pixel distance of linear array detector for VNIR and SWIR
bands and data sampling distance for TIR bands.

Table 2-13 IFOV
VNIR nadir bands (1 - 3) 21.3 + 0.6 prad
VNIR stereo band (3B) 18.6 + 0.5 prad
SWIR band (4 - 9) 42.6 £ 1.2 prad
TIR bands (10 - 14) 127.8 + 3.8 prad

The instrument parameter on the spatia resolution in the along-track direction is the scan
period. Table 2-14 shows the scan period which is specified so as to meet the spatial resolution
described in Table 2-7 when the spacecraft is crossing over the the equator with an atitude of
705 km. The spatid resolution on the ground directly depends on the spacecraft velocity.
Specified scan period corresponds to one line scan period for VNIR and SWIR bands and ten
lines scan period for TIR bands.

Table 2-14 Scan Period

VNIR (1-3) 2199  0.022 ms
SWIR band (4 - 9) 7398 + 0.044 ms
TIR bands (10 - 14) 131.94 = 0.13 ms

The band-to-band registration (BBR) requirements are £0.2 pixels (3s) in the same telescope
and £0.3 pixels of the coarser spatid resolution among different telescopes after necessary
ground processing (Level-1 processing).

The VNIR and SWIR subsystems use eectronicaly scanned linear detector arrays for each
band to obtain one line datain the cross-track direction for each scan period. In TIR subsystem
ten detectors for each band are arranged to obtain ten lines in the cross-track direction for each
scan period. The detector configuration accuracy is specified as shown in Table 2-15. Only for
TIR subsystem the deviation is defined as deviaion from integer times of the nomind pixe
size.
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The bias is fixed deviaion from the exact band-to-band registration and specified by
considering the current state of the art. Except for TIR subsystem, the resampling is necessary
for precise band-to-band registration even in the same telescope. The stability is specified so as
to be kept within 0.2 pixels of each band during the life of instrument in order to assure a
registration accuracy of 0.2 pixels in the sametelescope by using only preflight parameters on
the focal plane configuration. For VNIR subsystem the bias deviation in the aong-track
direction is specified severer than that in the cross-track direction to keep aregistration accuracy
of around 0.2 pixels without compensating the earth rotation.

Table 2-16 shows thejitter and stability requirements in the various time scales from 69.7 psec
to 480 sec. Table 2-17 shows the scientific meaning of these time scales. These aretotd jitter
and stability requirements from instrument boresight to Spacecraft navigation base reference,
including both of the instrument and spacecraft contributions. The spacecraft alocation is
shown in Table 2-3.

The pointing function are specified by the Table 2-18. The specifications except for VNIR
range are applied only for the range of £8.55 degrees.

The repeatability and detection accuracy are important parameters for band-to-band registration
among different telescopes and specified by considering the current state of the art. The
repeatability and the accuracy specified correspond to 41 and 6.1 pixels of a VNIR resolution
of 15 m, respectively. Therefore, new parameters for band-to-band registration among
different telescopes must be searched by ground processing such as correation when the
pointing mode is changed, though the searching range can be reduced by the accuracy or the
repeatability.

When the pointing is kept in the same mode, band-to-band registration accuracy among
different telescope is decided by the stability. The stability from the interface is specified so as
to be kept within 0.1 pixels of each band during 8 minutes .

There is no specification for boresight-to-boresight stability due to spacecraft deformation.

However, the performanceis under caculation using FEM of the engineering model. The red
performance might have to wait until the initial checkout period.

Table 2-15 Accuracy of Detector Configuration

Subsystem Bias Stahility
Along-track Cross-track (3s)
VNIR < 3 pixels < 6 pixels < 0.2 pixels
SWIR < 420 pixels < 0.2 pixels < 0.2 pixels
TIR < 0.05 pixels < 0.05 pixels N/A
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Table 2-16 Jitter and Stability Requirements
(Unit; arcsec-3s, Peak-to-Pesk)

Time VNIR SWIR TIR Note
Scde Roll | Pitch | Yaw [ Roll | Pitch| Yaw [ Roll | Pitch | Yaw
69.7 us - - - - - - 9.0 9.0 | 234 MTF
22ms| 15| 15| 3.9 - - - - - - MTF
4.4ms - - - 301 30| 7.8 - - - MTF
66ms| 1.7 | 1.7 | 45 - - - - - - BBR
15.8 ms - - - - - - 105 | 105 | 27.3 BBR
10s - - - 5.2 [ 52| 137 15.8 | 15.8 | 40.9 ITR
18s - - - 351 35] 9.1 - - - BBR
9s 18 12 60 - - - - - - DEM
480s [ 26.4| 26.4 | 68.6 - - - - - Geolocation

Note 1) MTF; Modulation Transfer Function
Note 2) BBR; Band-to-Band Registration
Note 3) ITR; Inter-Telescope Registration
Note 4) DEM,; Digitd Elevation Model

Table 2-17 Scientific Meaning of Time Scale for Jitter Stability Requirements

Time Scale R?quired Scientific Requirements Note
rom
69.7us TIR | 5% MTF degradation(Roll/Pitch) Timeto image 1 pixe
1.25% MTF degradation(Y aw)
2.2ms VNIR | 5% MTF degradation(Roll/Pitch) Timeto image 1 pixe
1.25% MTF degradation(Y aw)
4.4ms SWIR | 5% MTF degradation(Roll/Pitch) Timeto image 1 pixe

1.25% MTF degradation(Y aw)
6.6ms VNIR | Within £0.2 pixelsfrom BBR(Roll/Pitch) [ Timeto imagedl

Within +0.1 pixels from BBR(Y aw) VNIR bands
15.8ms TIR [ Within £0.2 pixelsfrom BBR(Roll/Pitch) | Timeto image dl
Within £0.1 pixels from BBR(Y aw) TIR bands
VNIR [Within £ 0.3 pixelsfrom ITR(Roll/Pitch) | Registration between
1.0s SWIR | Within+ 0.15 pixelsfrom ITR(Y aw) VNIR/SWIR and
TIR SWIR/TIR
1.8s SWIR | Within £0.2 pixels from BBR(Rall/Pitch) | Timeto imagedl
Within £0.1 pixelsfrom BBR(Y aw) SWIR bands
9s VNIR | Identify the elevation difference of Daaacquisition time
+ 25 m (DEM accuracy) for 1 scene
VNIR [ Within £3 pixels from geolocation Maximum data
480s (Roll/Pitch) acquisition timefor 1
Within £1.5 pixels from geolocation orbit
(Yaw)
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Table 2-18 Pointing Functions

Items VNIR SWIR TIR
Range > +24° > +8.55
Accuracy of pointing axis < £360 arcsec from X axis
Setting resolution < 45 arcsec
Repeatability (3s) < +180 arcsec
Detecting resolution < +20 arcsec
Detection accuracy (3s) < +27 arcsec
Variable frequency > 20,000 >200,000
Pointing time < 60 sec
Stahility Roll <+0.44 arcsec | <+£0.88 arcsec | < +2.6 arcsec
(3svauesin Pitch <+0.44 arcsec | <+0.88 arcsec | < +2.6 arcsec
8 minutes) Yaw < +2.2 arcsec <x45arcsec | £+13.4 acsec

Tables 2-19, 2-20, and 2-21 show the pointing performance of VNIR, SWIR, and TIR,
respectively. The design vaues are those for the Proto Flight Modd provided a PQR. For the
dynamic error, only roll component of the knowledge is better than the accuracy, because an

encoder is used for the cross-track pointing angle detection of each subsystem.

Table 2-19 Pointing Performance of VNIR

Design Values
Specification Dynamic Error Static Error
Roll | Aitch | Yaw | Roll | Pitch| Yaw
Pointing knowledge
(arcsec, 3s) +60 14 | £11 | £11 | £30 | 29 | £29
(Each Axis)
Pointing accuracy
(arcsec, 39) +225 26 | +25 | +11 | £113 | £75 | =71
(Each Axis)
Table 2-20 Pointing Performance of SWIR
Design Vaues
Specification Dynamic Error Static Error
Roll | Pitch | Yaw | Roll | Pitch | Yaw
Pointing knowledge |Roll +60
(arcsec, 3s) Pitch +60 28 | 21 | +12 | £32 | £34 | £333
Yaw +348
Pointing accuracy Roll £225
(arcsec, 39) Pitch £225 | +111 | +21 | +12 | 48 | £36 | +335
Yaw +520
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Table 2-21 Pointing Performance of TIR

Design Vaues
Specification Dynamic Error Static Error
Roll | Pitch | Yaw | Roll | Pitch| Yaw
Pointing knowledge | Roll +60
(arcsec, 39) Pitch +£60 +11 | 15 | +11 | £49 | #41 | x40
Yaw +348
Pointing accuracy Roll +£225
(arcsec, 39) Pitch +£225 +28 | 23 | £22 | £132 | £262 | +315
Yaw £520

Table 2-22 shows the relative pointing knowledge among different telescopes which is
important for the inter-telescope registration. The distance errors on the earth surface are
caculated by using a spacecraft dtitude of 705 km for the roll and the pitch directions and a
maximum instrument off-nadir distance of 136 km for yaw direction. After remova of the
static error during the initial checkout period, only the dynamic component will be the system
correction accuracy for the inter-telescope registration.

Table 2-22 Rdative Pointing Knowledge among Different Telescopes

Design Vaues

Unit Dynamic Error Static Error

Roll Pitch Yaw Roll Pitch Yaw

VNIR - SWIR ACKC, 3S | 431 | +24 | +16 | +44 | +45 | +334
M35 | 4106 | +82 | +11 | +150 | +154 | +220
VNIR - TIR ACKC, 35 | 417 | +19 | +17 | +57 | +50 | =49
m, 3s +58 | +65 | +11 | +194 | 170 | +32
ACKC, 35S | 430 | +26 | +16 | +56 | +53 | +335
m, 3s +102 | +89 | +11 | +190 | +181 | 221

SWIR-TIR

Table 23 shows the pointing stability performance of each subsystem for 480 seconds time
span a PQR. Theinstrument boresight stability is specified so as to be kept within £0.1 pixels
for each band during 8 minutes (0.2 pixels for peak-to-peak) asshown in Table 2-18. The
sources of the stability are athermal distortion and ajitter. For SWIR and TIR major stability
disturbance is caused by the high frequency jitter due to self cryocooler.

Table 2-23 Pointing Stability Performance of Each Subsystem for 480 seconds

Time Span
(Unit: arcsec, 30, peak-to-peak)
Subsystem Specification Design Vaues
Roll Pitch Yaw Roll Pitch Yaw
VNIR 0.88 0.88 4.4 0.1 0.12 0.01
SWIR 1.76 1.76 9.0 1.6 2.0 7.4
TIR 5.2 5.2 26.8 1 0.2 0.2
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Table 24 shows the pixel geolocation knowledge a& PQR considering both the spacecraft and
the instrument contributions. Total ASTER pixe geolocation knowledge is decided by the
spacecraft position knowledge, the spacecraft pointing knowledge and ASTER pointing
knowledge. Only the pixel geolocation knowledge of VNIR is considered, since the SWIR and
TIR bands will be coregistered to VNIR band 2 as areference band in the Level-1 processing.

Only dynamic component is important, since the static component can be removed during the

initia checkout period.

Table 2-24 Pixel Geolocation Knowledge

Specification | Dynamic Error (30) | Static Error (30)
Spacecraft*! +342 +28 +111
Along-track (m) [ ASTER/VNIR +205 +38 +99
Totd +431*2 +47 +149
Spacecraft** +342 +25 +148
Cross-track (m) | ASTER/VNIR +205 +48 +103
Totd +437%2 +54 +180

*1: Three non-optima 9 minute TDRS contacts per orbit, GIM2 Geopotentia ( 30 x 30), solar
flux of 175, 5 % Cd error, TDRS ephemeris error of 75 meters. Two star trackers, rigid
body/low frequency pointing knowledge error removed

*2: Slightly larger than RSS of two vaues (Spacecraft and ASTER instrument), because of

unalocated margin.
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2.2.5. Sensor Geometric Model and Data Base

Figure 2-1 shows the sensor geometric model which includes detector configurations of each
foca plane expressed by the foot print on the ground in relation to the spacecraft flight direction
and the boresight of each telescope. The sizes on the focd planes are shown with the
configuration, because the sizes on the ground depend on the spacecraft dtitude. These sizes
are designed so as to meet the base line requirement for the spatid resolution within the
fabrication accuracy of the focal length when the spacecraft atitudeis 705 km.

For VNIR and SWIR subsystems, one line image data of all bands in the cross-track direction
are acquired simultaneously because of data sampling function of CCD detector arrays. For
TIR subsystem, they are acquired time-sequentidly in accordance to the scanning speed of the
mirror because of the whiskbroom scanning method. A tilt angle of 0.3 degree is set for the
compensation of the spacecraft movement during the scan period so as to dign the swath line at
the right angle to the spacecraft flight direction. All scan direction in the cross-track direction is
designed to be at the right angle to the spacecraft flight direction.

The number of the detector for each band is as follows.

VNIR bands 1, 2, 3N: 4100 pixels
VNIR band 3B: 5000 pixels
SWIR dl bands: 2048 pixels
TIR al bands: 10 pixels

The VNIR band 3B has extra detectors of 900 compared to other VNIR bands. The extra
detectors are necessary to compensate the earth rotation. Only 4100 pixe data among 5000 will
be sent to the ground. The selection of 4100 pixels will be automatically carried out by
referring the spacecraft position datain the ancillary data and refreshed every 1.024 seconds.

Figure 2-2 shows the sensor geometric data base which consists of the following two kinds of
parameters.

(1) A set of theline of sight (LOS) vectors for the nadir cross-track pointing position toward
NBR.

(2) The pointing drive axis vector toward the NBR.

The line of sight vectors are defined toward the Navigation Base Reference (Spacecraft
Reference Axes). The spacecraft's dtitude control system attempts to dign the Navigation
Reference Axes with the Orbital Reference Coordinate Frame. The error between two axes will
be provided as the attitude information in the spacecraft ancillary data. Therefore, the pointing
direction of each detector can be expressed toward the Orbita Reference Coordinate Frame by
using the geometric data base and the pointing information of the spacecraft provided as the
ancillary data.

At first stage the geometric data base shal be preiminarily prepared based on the preflight
measurement. Then it shal be evauated using acquired image data during the in-flight initia
checkout period and tuned up for the operationa use. The geometric data base may be updated
based on the quality evauation of the acquired image data during thelife of the mission. The
detail planis descrbed in Chapter 4.
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Figure 2-1 Sensor Geometric Model
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VNIR GEOMETRIC CORRECTION DATA BASE FILE

(LINE OF SIGHT VECTORS OF EACH DETECTOR\
AT_NADIR POINTING POSITION

4100 X 3 + 5000 X 1 DETECTORS
3 DATA/DETECTOR
4 BYTES/DATA

N 777
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3 DATA ] %
\_ [4 BYTES/DATA Y,

SWIR GEOMETRIC CORRECTION DATA BASE FILE
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AT NADIR POINTING POSITION

3 DATA/DETECTOR
4 BYTES/DATA

A

POINTING DRIVE AXIS VECTOR
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TIR GEOMETRIC CORRECTION DATA BASE FILE

e

——
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Figure 2-2 Sensor Geometric Correction Data Base

ASTER Level-1 ATBD(Ver.3.0)

-17-

November 1, 1996



2.2.6. Sensor Radiometric Model and Data Base

Figure 2-3 shows the radiometric model of the ASTER instrument. Reflected or emitted
radiation from the Earth goes through the optics, reaches the detectors and is converted into
eectric current. For VNIR and SWIR the current is integrated in detector itself during sampling
period to convert to the dectric charge. The current or the dectric charge is then converted into
the voltage, followed by amplification with variable gan and then digitization by AD
converters. For TIR alarge offset voltage from the photo-conductive type detector is eiminated
prior to the amplification.

As for VNIR and SWIR, since the linearity of CCD detectors are basicdly excelent, the
relation between input radiance L and output signa V can be expressed by following equation.

V=AL+D,
or L=AV +D,

Here A, and D, are the radiometric correction coefficients (RCCs) which are used to calculate
the input radiance from the instrument output. D, is the offset signa without radiation and A,
isthegain. Thetota system can basically be considered to be linear with a excellent accuracy.

The sensitivities are defined for each detector under the normal gain setting. For other than the
norma gain setting the sensitivities are modified by multiplying the gain factors. The offsets
are defined for each detector and each gain setting.

Both the offset and the sensitivity coefficients slightly depend on the detector temperature for
VNIR, and the detector temperature and the dewar temperature for SWIR. These dependences
are evaduated during the preflight test period and accomodated in the radiometric data bases as
the predetermined parameters.

For TIR, mercury cadmium telluride detectors are used in photo-conductive mode, so the
detectors generdly have the nonlinearity. But as the input radiance leve is smdl, the
nonlinearity is anticipated to be smal. The relation between input radiance and output signa
can be expressed as follows.

L=Cp+C1V +Cp V2

where Cq is the offset, and C; and C, are gain coefficients of first and second powers for
output vs. radiance curve, respectively. TIR will receive the background radiation inside the
TIR optics and the structure. This effect will be evduated before launch by changing the
temperature distribution inside the TIR and accommodated in the radiometric data base as the
temperature depencence coefficients as the predetermined parameters

The contents of the radiometric correction data basefiles for VNIR, SWIR and TIR bands are
shown in Figure 2-4. Theradiometric correction data base will be prepared from the prelaunch
data, the inflight on-board cdibration data and the vicarious cdibration data. All information
which is necessary for the radiometric coefficients generation during Level-1A processing must
be included in the radiometric data base

More details will be described in Chapter 5 for the radiometric data base preparation and in
Section 3.4 for the radiometric coefficients generation by using the data base.
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SIaNAL e OPTICS |- (CCD) AMPLIFIER | AMPLIFIER (-~ AD-CONVERTER
" STRAY LIGHT L-Q Q -V VCXT;EE EAV AV - D
FROM EARTH DISK RADIANCE TO ELECTRIC CHARGE DIGITIZE
ELECTRIC CHARGE  TO VOLTAGE AMPKIFICATION
L
INPUT RADIANCE OFFSET OFESET OFFSET
(DARK CURRENT)
TIR A™gsPHERE
CALIBRATOR | STRAY LIGHT DIGITIZED
FROM OPTICS CHOPPER OUTPUT
(BLACKBODY) | AND STRUCTURE 12 BITS
| /
. L | |_> ¢
SIGNAL = OPTICS |_.] DE(;E‘CR;?:S —s={ DC CLAMP | gt AMPLIFIER [ AD-CONVERTER |—
STRAY LIGHT L -V V- AV AV - D
FROM EARTH DISK RADIANCE VOLTAGE DIGITIZE
TO VOLTAGE AMPLIFICATION
" )
INPUT RADIANCE
OFFSET & NON-LINEARITY OFFSET

Figure 2-3 Sensor Radiometric Model
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VNIR RADIOMETRIC CORRECTION DATA BASE FILE

/"VNIR RADIOMETRIC COEFFICIENTS FOR REFERENCE CONDITION ™\
4100 X3+5000 DETECTORS AND 3 GAI N SETTI NGS
1 OFFSET DATA/DETECTOR/GAIN
1 SENSITIVITIE DATA/DETECTOR Tl NOTE, *: PREDETERMINED VALUE
4 BYTES/DATA ﬁ IN PREFLIGHT TEST PERIOD
] GAIN DATA (HIGH, NORMAL, I:%)W)
3 DATA/BAND .
4 BYTES/DATA & ?EE\STEDTEETAQZEFSA;TURE COEFFICIENTS
RADIANCE CONVERSION COEFFICIENTS 4 BYTES/DATA
(NORMAL GAIN)
1 DATA/BAND )l SENSITIVITY TEMPERATURE COEFFICIENTS*
4 BYTES/DATA 1 DATA/IDETECTOR |
REFERENCE TEMPERATURE 4 BYTES/DATA (TLTT)
- DETECTOR TEMPERATURE(Ty per)
1 DATA/BAND &1
\4 BYTES/DATA J

SWIR RADIOMETRIC CORRECTION DATA BASE FILE
KSWIR RADIOMETRIC COEFFICIENTS FOR REFERENCE CONDITION \

2048X6 DETECTORS AND 4 GAIN SETTINGS "
1 OFFSET DATA/DETECTOR/GAIN _ II\II\IO;REIYEFLER:TDTEI-;?'\F?L'\I]REISE\)/ ALUE
1 SENSITIVITIE DATA/DETECTOR
4 BYTES/DATA CEEEE™ LINEAR OFFSET TEMPERATURE COEFFICIENTS®
GAIN DATA (HIGH, NORMAL, LOW-1, LOW-2)  (FOR Tgper & Topew) Zza77)
4 DATA/BAND = 2 DATAIDETECTOR %
4 BYTES/DATA & 4 BYTES/DATA
RADIANCE CONVERSION COEFFICIENTS NON-LINEAR OFFSET TEMPERATURE COEFFICIENTS|
(NORMAL GAIN) (FOR Tgper )
1 DATA/BAND s 1 DATAIDETECTOR H%EJ‘
4 BYTES/DATA 4 BYTES/DATA 111y
REFERENCE TEMPERATURES SENSITIVITY TEMPERATURE COEFFICIENTS ¥
“DETECTOR TEMPERATURE(Tgper) (FOR Tepg)
DEWAR TEMPERATURE(Tgpgw) 1 DATA /BEETTECTOR ﬁj;”:qﬁ'
2 DATA o111y
\ 4 BYTESIDATA 7 4 BYTES/DATA

TIR RADIOMETRIC CORRECTION DATA BASE FILE

N_TIRDB__4 (TIR RADIOMETRIC COEFFICIENTS NOTE, *: PREDETERMINED VALUE
V 10X5 DETECTORS IN PREFLIGHT TEST PERIOD
N — 1 OFFSET DATA/DETECTOR
S — 2 SENSITIVITIE DATA/DETECTOR OFFSET TEMPERATURE COEFFICIENTS
4 BYTES/DATA (TT/CHPl TT/TEL AND TT/LNS)
3 DATA/BAND
REFERENCE TEMPERATURES 4 BYTES/DATA
.DETECTOR TEMPERATURE(T; per)
‘CHOPPER TEMPERATURE(Tygyp)
TELESCOPE TEMPERATURE(T.re) LINEAR SENSITIVITY TEMPERATURE COEFFICIENTS*
{LENS TEMPERATURE (Trys) (FOR Ty per)
4 DATA, 4 BYTES/DATA X 1 DATA/BAND
4 BYTES/DATA
RADIANCE CONVERSION COEFFICIENTS
1 DATA/BAND NON-LINEAR SENSITIVITY TEMPERATURE COEFFICIENTS®
4 BYTES/DATA P (FOR T, oe1)
1 DATA/BAND
L 4 BYTES/DATA )

Figure 2-4 Sensor Radiometric Correction Data Base
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2.2.7. Supplement Data

ASTER Leve-0 data include supplement data of each subsystem which contain various
engineering information such as temperatures and pointing angles. Tables 25, 26 and 27 list

the supplement data of VNIR, SWIR and TIR subsystems, respectively.

Table 2-25 VNIR Supplement Data

No. Byte Content
1 1 | Band 1 detector temperature
2 1 | Band 2 detector temperature
3 1 | Band 3N detector temperature
4 1 | Band 3B detector temperature
5 1 | Cdlibration lamp A temperature
6 1 | Cdlibration lamp B temperature
7 1 | Monitor amp. temperature
8 1 | Photodiode 1 temperature
9 1 | Photodiode 2A temperature
10 1 | Photodiode 2B temperature
11 1 | VSP 1temperature
12 1 [ VSP 2 temperature
13 1 | VEL base plate temperature
14 1 | Nadir telescope temperature 1
15 1 | Nadir telescope temperature 2
16 1 | Nadir telescope temperature 3
17 1 | Backward telescope temperature 1
18 1 | Backward telescope temperature 2
19 1 | Backward telescope temperature 3
20 1 | VPSlamp power supply Voltage
21 1 | Photodiode 1A output
22 1 | Photodiode 1B output
23 1 | Photodiode 2A output
24 1 | Photodiode 2B output
25 1 | Electric cdlibration Voltage.1
26 1 [ Electric cdlibration Voltage.2
27 1 | Electric cdibration Voltage.3
28 1 | Electric cdibration Voltage.4
29 1 [ VSP1APSVa +10V
30 1 [ VSPLAPSVd -10V
31 1 [ Pointing angle 1
32 1 [ Pointing angle 2
33 1 [ Initid extract address 1
34 1 [ Initid extract address 2
35 1 | Spare
36 1 | Spare
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Table 2-25 VNIR Supplement Data (continued)

No.

Byte

Content

37

Band 1 normal/high gain selection

Band 1 normal/low gain selection

Band 2 normal/high gain selection

Band 2 normal/low gain selection

Band 3 normal/high gain selection

Band 3 normal/low gain selection

Band 3 A/B salection

OPE. optical/eectric calibration selection

38

Cdlibration lam

p A/B sdlection

PS1 on/off

PS3 on/off

Table cancd on/off

PS4 on/off

Spare

Spare

Spare

39-50

12

Spare

Table 2-26 SWIR Supplement Data

Z
o
W
S
5]

Output

Frequency
[Frame

Content

Optics monitor voltage A

Optics monitor voltage B

Cooler current 1

Cooler current 2

Cooler current 3

Cooler current 4

Detector temperature (Narrow)

TLM/CMD circuit reference voltage 1

O] 00| | O] U| B W N

R R R R ) k| R -

TLM/CMD circuit reference voltage 2

TLM/CMD circuit reference voltage 3

A/D reference voltage (Band 4)

A/D reference voltage (Band 5)

A/D reference voltage (Band 6)

A/D reference voltage (Band 7)

A/D reference voltage (Band 8)

A/D reference voltage (Band 9)

Cadlibration lamp voltage A

Calibration lamp voltage B

Detector temperature (Wide)

Motor am

plitude

Detector d

ewar temperature

Radiator temperature (Inner ring)

'_\
N
R R 2| R R R 2| R R ] R | ] 2 | ] R 2| P P 2 =

Radiator temperature A
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Table2-26 SWIR Supplement Data (continued)

No. Byte Output Content
Frequency/
Frame
24 1 14 Structure cover temperature 2A (-X)
25 1 14 Structure cover temperature 1A (+x)
26 1 14 Structure cover temperature 3A (+2)
27 1 14 Barrel structure temperature
28 1 1/4 Kinematic mount temperature
29 1 14 Electricd circuit 1 temperature
30 1 1A Electrical circuit 2 temperature
31 1 14 Pointing mechanism temperature 1 (Motor)
32 1 14 Calibration lamp temperature
33 1 14 Collector module temperature 1
34 1 14 Collector module temperature 2
35 1 14 Detector preamp/dewar temperature A
36 1 14 Pointing mechanism temperature 2 (Bearing)
37 1 14 Cooler temperature 1 A (Compressor)
38 1 14 Cooler temperature 2 A (Cold finger)
39 1 14 Electric circuit 1 temperature 1 (Driver)
40 1 14 Electric circuit 1 temperature 2 (Processor amp)
41 1 14 Electric circuit 1 temperature 3 A (TLM/CMD cir)
42 1 14 Electric circuit 1 temperature 4 (Cal. cir)
43 1 14 Optics monitor temperature A
44 1 14 Optics monitor temperature B
45-47 | 2+1/8 1 Pointing mirror encoder
48 1 1 Drive pulse width
49-50 2 14 Drive pulse number
51 2/8 14 Band 4 gain status
52 2/8 14 Band 5 gain status
53 2/8 14 Band 6 gain status
54 2/8 14 Band 7 gain status
55 2/8 1/4 Band 8 gain status
56 2/8 14 Band 9 gain status
57 1/8 14 Digitd signal processor circuit power on/off
58 1/8 14 TLM/CMD power on/off
59 1/8 14 Andog circuit power on/off
60 1/8 14 Pointing control circuit power on/off
61 1/8 1/4 Cdibration lamp power on/off
62 1/8 14 Cdibration lamp A/B sdlection
63 1/8 14 Therma control circuit on/off
64 1/8 14 Heater 3 on/off
65 1/8 14 Heater 4 on/off
66 1/8 14 Heater 5 on/off
67 2/18 14 CLR motor amplitude status
68 2/8 14 Detector temperature set status
69 2/8 1 Pointing motor excitation status 1
70 2/8 14 Pointing motor excitation status 2
71 1/8 14 Parity flag status
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Table 2-26 SWIR Supplement Data (continued)

No. Byte Output Content
Frequency/
Frame
72 5/8 14 Error CMD distinctive status
73 1/8 1 Mirror position limit status
74 1/8 1 Limit ENA/DISA
75 1/8 1 Pointing motor ENA/DISA
76 1/8 1 Encoder on/off
77 1/8 1 Motor rotation CW/CCW
Table 2-27 TIR Supplement Daa
No. | Byte Content
1 | 8000 [ Chopper data
2 4 | Detector temperatures
3 4 | Black body temperature 1
4 4 | Black body temperature 2
5 4 | Black body temperature 3
6 4 | Black body temperature 4
7 4 | Black body temperature 5
8 4 | Chopper temperature 1
9 4 | Chopper temperature 2
10 4 | Chopper temperature 3
11 4 | Telescope temperature
12 4 | Lenstemperature
13 | 1870 | Scanning angle
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3. ALGORITHM DESCRIPTION

3.1. Overview of End-to-End Processing Flow

Figure 3-1 shows the Level-1 data processing end-to-end flow. The Level-0 data which are
sent from EDOS are packetized in the CCSDS format. These packets shal be classified into
four groups of data according to APID (Application Process Identification) in the primary
header of each packet. Thegroup 1 datacontain thedatafor VNIR bands 1 and 2. The group
2 data contain the data for VNIR bands 3N and 3B. The group 3 data contain the data for al
SWIR bands. The group 4 data contain the data for adl TIR bands. Each group data include
science image data, instrument supplement data and spcecraft ancillary data. The groups 1 and
2 contain the common supplement data. All groups contain common ancillary data.

The packets of each group shdl be depacketized and digned to recover the unpacketized
instrument source data by using sequential counter and flags in the primary header, and time
tag in the secondary header of the packet. In the instrument source data the spectra band
information are multiplexed with the BIP (Band Interleaved by Pixel) format.

Then the instrument source data shal be demultiplexed to separate image data every spectra
band with BSQ (Band Sequentid) format. For SWIR and TIR image data the Level-0 pixe
addresses shdl be redigned the order to correct stagger dignment among pixels in a same
swath line as shown in Figure 2-1. This redignment process is carried out not only to have the
more exactly aigned image data without resampling for image matching process but aso to
simplify subsequent processes.

Here, we have the data rearranged in three groups, that is, the VNIR data group, the SWIR
data group and the TIR data group. The each group data consists of the image data of each
spectra band, the common supplement datafor the group and the common ancillary datafor all
group. Only for TIR data group the short term calibration data which will be obtained at the
biginning and the end of each observation is included. The supplement data are necessary for
al of the group datato make it possibleto process independently. In this stage theimage data
will not be divided into scenes but kept in each continuous observation unit, that is, along strip
image data unit for more flexible scene selection. This data set is defined as Level-0A data
which is a tentative product being effective only during processing. The processing between
Level-0 and Leve-0A is named the front-end processing as awhole.

The geometric system correction, which mainly consists of the coordinate transformation of the
line of sight vector by using the ancillary information from the spacecraft and the supplement
information from the instrument, shal be carried out to identify the observing point in the
latitude/longitude coordinate on the earth surface defined by the earth model.

Strip unit or scene specific radiometric coefficients shal be generated from radiometric
coefficients in the radiometric data base, which are the coefficients under reference temperature
conditions such as the detector temperature, by using real temperature vaues in the instrument
supplement data.

The Leve-0B data, which is dso a tentative product being effective only during processing,
consist of the Level-OA data, the geometric system correction data and the radiometric
correction data.  The Level-OB data products are used for the image matching and the cloud
coverage calculation.
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For SWIR bands the pardlax error correction are carried out with the image matching
techniques or the coarse DEM data base depending on cloud coverage by using Level-OB data.
The pardlax error is caused by the offset in detector alignment in the along-track direction and
depends on the distance between the spacecraft and the observing earth surface. A distance
evauation error of 1750 m givesriseto 1 pixd registration error (that is, + 1 pixd for 3500 m)
for the worst combination between bands 6 and 7 with the maximum offset. Therefore, this
correction will be a most + 1 pixel except for extremely high elevation larger than 3500 m.

For SWIR and TIR bands the inter-telescope registration correction shall be carried out for
VNIR band 2. The correction coefficient is evauated by the image matching between bands 2
and 6 for SWIR bands and between bands 2 and 11 for TIR bands. There is a strong
possibility to omit the image matching process between VNIR and TIR, since the system
correction seems to be better than the image matching accuracy judging from the pointing
knowledge of each boresight described in Section 2.2.4 and the image matching accuracy
described in Section 8.2.5. An initia checkout result after launch will be necessary for find
decision.

The scene cutting shal be carried out from Level-OB data according to the predetermined World
Reference System (WRS). Each group data shal be divided into scenes every 60 km for the
adong-track direction. One scene size shdl be 63 km including an overlap of 5 % with
neighboring scenes except for band 3B. For band 3B the scene size shadl be 69 km including
an additional overlap of 6 km to compensate the terrain error contribution, that is, 7.5 km
overlap with the previous scene and 1.5 km overlap with the next scene. This scene cutting is
necessary for granularizing the Leve-1A and the Leve-1B data products. It does not
necessarily mean that the scene position is rigidly predetermined. It is still possibleto revert the
scenesto Level-OB datafor adifferent scene cutting.

All geometric correction processes and scene cutting process shal be followed by a set of
geolocation data generation for each scene. All geometric information is consolidated to
generate a set of the geolocation data every block which is expressed in the | atitude/l ongitude.

The Leve-1A data product consists of the image data, the radiometric coefficients, the
geolocation data and the auxiliary data. The Level-1B data product can be generated by
applying these data for radiometric calibration and geometric resampling.

3.2. Front-End Processing Flow
3.2.1. Level-0 Production Data Set

The Levd-0 datawhich are sent from EDOS are packetized in the CCSDS format as shown in
Figure 3-2. These packets shdl be classified into four groups of data according to APID
(Application Process Identification) in the primary header of each packet. The group 1 data
contain the datafor VNIR bands 1 and 2. The group 2 data contain the datafor VNIR bands 3N
and 3B. The group 3 data contain the data for dl SWIR bands. The group 4 data contain the
datafor dl TIR bands. Each group datainclude science image data, instrument supplement data
and spacecraft ancillary data as shown in Figure 3-3.

The ASTER is dlocated the 64 APIDs that lie within the decimal equivadent range of 256 - 319
inUIID. Table 3-1 shows the APIDs alocated for each category of data. Different APIDs are
allocated for each group of data and for each operation mode.

The data set generation at EDOS is based on multiple APID. Each data file from EDOS

which is caled the Leve-0 Production Data Set (PDS) contains the packet with multiple APIDs
which belong to the same VCID as shown in Table 3-1. The packets are sorted out with the
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time tag data in the secondary header and then sorted out in the order of the image data, the
combined data and the engineering datawith different APID as shown in Table 3-1. Only TIR
has the engineering packets. In agroup with the same APID the packets are sorted out in the
order of sequentia counter datain the primary header.

Table3-1 APID Allocation

001 @ 000!
Subsystég ’4— Sci ence data 1D
00: VNIR(1 Engi neeri ng data
01: VNIR(2 Cal i bration node
10: SWR Test node ID bit
11: TIR
VCID Daa Observation Cdlibration Test Mode
Content Modes Mode
VNIR(1)| 010001 Science | 001 0000 0001| 001 0000 0101 | 001 0000 1001
Sci.+ Eng.| 001 0000 0011| 00100000111 | 001 0000 1011
VNIR(2)| 011110 Science | 001 0001 0001| 00100010101 | 001 0001 1001
Sci.+ Eng.| 0010001 0011| 00100010111 | 0010001 1011
SWIR 01 0010 Science | 001 0010 0001| 00100100101 | 001 0010 1001
Sci.+ Eng.| 0010010 0011] 00100100111 | 001 0010 1011
Science | 0010011 0001| 00100110101 | 0010011 1001
TIR 010111 | Sci.+ Eng.[ 00100110011 00100110111 | 0010011 1011
Engineeringl 001 0011 0010 001 0011 0110 | 001 0011 1010
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< PRIMARY HEADER - 72BTS | g
48 BITS (6 OCTETS) (9 OCTETS)
PACKET IDENTIFICATION PACKET PACKET LENGTH| ~ SECONDARY | INSTRUMENT
SEQUENCE CONTROL HEADER DATA FIELD
VERSION | TYPE | SEC | APPLIC| SEQUENCE PACKET TIME TAG | QUICK \/ARIABLE
HDR| PROC. FLAGS SEQUENCE LOOK| | ENGTH
FLG |D "00"=C0nt'd COUNT FLAG
n " nnn "01”= 1 St
000 0 ll1 OII= Last
"11"= Unsegm data
3BITS |1BIT |1BIT|11BITS 2BITS 14 BITS 16 BITS 64 BITS | 8BITS
DAY mS OF DAY | WS OFmMS Q | SUPPLIED BY PACKET SOURCE
|I0||
1BIT |15BITS 32BITS 16 BITS 1 !

Q="0"; PACKET NOT FOR QUICK LOOK DATA SET
Q="1"; PACKET FOR QUICK LOOK DATA SET

Figure 3-2 CCSDS Level-0 Data Packet Format

3.2.2. Depacketizing of CCSDS Level-0 Data

The packets of each group shal be depacketized and digned to recover the unpacketized
instrument source data by using sequentid counter, flags inthe primary header and timetag in

the secondary header.

In the instrument source data the spectrd band information are

multiplexed with the BIP (Band Interleaved by Pixd) format as shown in Figure 3-3. Each
swath line image data is appended by the specific engineering datafor the line.

VNIR (1): Bands 1 &2

IMAGE DATA (BIP FORMAT) VNIR SUPPLEMENT DATA | ANCILLARY DATA
65,600 BITS 400 BITS 512 BITS
VNIR (2): Bands 3N & 3B
IMAGE DATA (BIP FOMAT) VNIR SUPPLEMENT DATA| ANCILLARY DATA
65,600 BITS 400 BITS 512 BITS
SWIR: Bands4-9
IMAGE DATA (BIP FORMAT) SWIR SUPPLEMENT DATA| ANCILLARY DATA
98,304 BITS 328 BITS 512 BITS
TIR: Bands 10 - 14
IMAGE DATA (BIP FORMAT) TIR SUPPLEMENT DATA |ANCILLARY DATA
453,120 BITS 79,312 BITS 512 BITS

Figure 3-3 Instrument Source Data Format
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3.2.3. Demultiplexing Instrument Source Data

Then the instrument source data shal be demultiplexed to separate image data every spectra
band with BSQ (Band Sequentia) format. Here, we have the datarearranged in three groups,
that is, the VNIR data group, the SWIR data group and the TIR data group. The each group
data consists of the image data of each spectra band, the common supplement data for the
group and the common ancillary data for al group. Only for TIR data group the short term
cdibration data which will be obtained a the biginning and the end of each observation is
included. The supplement data are necessary for al of the group data to make it possible to
process independently. In this stage the image data will not be divided into scenes but kept in
each continuous observation unit, that is, along strip image data unit for more flexible scene
sdlection. This dataset is defined as Level-0A datawhich is atentative product being effective
only during processing.

3.2.4. Image Data Stagger Realignment

For SWIR and TIR image data the Levd-0 pixel addresses shal be redigned the order to
correct stagger aignment among pixels in a same swath line as shown in Figure 2-1. This
realignment process is carried out not only to have the more exactly adigned image data without
resampling for image matching process but also to smplify subsequent processes.

The SWIR subsystems use eectronically scanned linear detector arrays for each band to obtain
one line data simultaneously in the cross-track direction for each scan period. These detector
arrays are separated for odd and even number of detectors with stagger configuration as shown
in Figure2-1. Theredignment for SWIR pixel addresses shal be carried out to compensate the
difference from the center line between the odd and the even lines as shown in Figure 3-4. The
stagger offset value to the center line can be set to £1 pixel with agood approximation.

-1 PIXEL

+1 PIXEL

Figure 3-4 Stagger Realignment Position of All SWIR Pixel:

TIR images are obtained by mechanica scanning with 10 detectors for each spectrd band, that
is, 50 detectors in total. Ten detectors for each band are arranged with the stagger configuration
in the cross-track direction as shown in Figure 2-1. The redignment for TIR pixe addresses
shall be carried out to compensate the difference from the center line between the odd and the
even lines as shown in Figure 3-5. The stagger offset vaue to the center line can be set to +4
pixels with a good approximation.
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\ >

| |
-4PIXELS ! +4 PIXELS

Figure 3-5 Stagger Realignment Position of All TIR Pixel:

3.3. Geometric System Correction

The geometric system correction is the rotation and the coordinates transformation from the line
of sight vectors of detectors to the earth Greenwich Coordinate by using only the engineering
information from the instrument and the spacecraft to identify the observing points by the
detectors. The observation point on the surface is identified from cross-point between the earth
surface and an extension line of the vector The engineering information from the instrument
and the spacecraft is caled the supplement data and the ancillary data, respectively. The
geometric system correction is dmost common to three subsystems, except for selected
numbers of vectors to be transformed. Figures 3-6, 3-7 and 3-8 show the geometric system
correction flows of VNIR, SWIR and TIR, respectively.

One observation point shal be divided into blocks for both of the cross-track and the adong-
track directions. The block sizes are asfollows.

VNIR bands 1, 2, 3N: 410 x 400 pixels
VNIR band 3B: 500 x 400 pixels
SWIR dl bands: 20 x 20 pixels
TIR dl bands: 72 x 70 pixels

These vaues are decided by considering adistortion of optical images on thefocal planein the
cross-track direction and a spacecraft stability in the dong-track direction. The coordinates
transformations are carried out only for the line of sight vectors of selected detectors. The
numbers of the selected detectors are 11, 104 and 11 for VNIR, SWIR and TIR bands,
respectively, which correspond to number of corner points (number of block + 1) for each
block of Level-0 images in the cross-track direction. Dummy detectors will have to be
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introduced to compensate a fraction and then to completely define the block at the end of the
cross-track direction.

The geometric system correction is divided into several parts as follows:

(1) The pointing correction--The line of sight vectors in the geometric data base are those for
the reference pointing angles (nomina nadir direction). The line of sight vectors shall be
changed using the pointing position and knowledge data from the supplement data. The
pointing axes information in the geometric data base shall be used for the transformation
of the line of sight vectors due to the pointing position change.

(2) The coordinates transformation from the spacecraft coordinates (Spacecraft Reference
Axes or Navigation Base Reference) to the orbit coordinates (Orbita Reference
Coordinate Frame)--The spacecraft coordinates dlightly different from the orbit
coordinates. Thedifference is originated from a spacecraft attitude control accuracy and
provided as the attitude angle data in the spacecraft ancillary information. The orbit
coordinates is right-handed and orthogona. The +z-axis is a line from the spacecraft
center of mass to the center of the earth. The +y-axis is a line norma to the z-axis and
the spacecraft instantaneous velocity vector (negative orbit normal direction). The x-axis
completes the right hand set.  This process shal be carried out by using attitude angles
and attitude rates in the ancillary data.

(3) The coordinates transformation from the orbit coordinates to the earth inertia
coordinates--This process is the coordinates transformation to the earth centered
coordinates in theinertial space. Two dimensiona array vectors can be obtained by this
transformation according to the spacecraft movement. Thearray dimension depends on
each observation period. This process shdl be caried out by using positions, and
velocities information in the ancillary data.

(4) The coordinates transformation from the earth inertial coordinates to the earth Greenwich
coordinates--This process is the coordinates transformation to the earth centered and
earth fixed coordinates, and shal be carried out by using the earth rotation vaues
caculated from the time information in the ancillary data.

(5) The observation point shal be identified by caculaing a cross-point between the earth

surface and an extended line of the vector. The WGS-84 shdl be used as the earth
surface model.
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3.4. Radiometric Coefficients Generation

Observation unit or scene specific radiometric coefficients shall be generated by using reference
temperature data in each subsystem supplement data and the radiometric data bases which
contain the radiometric coefficients for the reference temperature and temperature dependence
coefficients, since the radiometric coefficients in the data base are values under a reference
condition such as detector and dewar temperatures. One set of offset and sensitivity data are
necessary for VNIR and SWIR bands. While one set of offset, linear sensitivity and nonlinear
sengitivity data are necessary for TIR bands.

The radiometric coefficients for the reference temperatures shal be evaduated during the
preflight test period at first stage, followed by aregular evauation during the inflight period and
then updated if necessary. All temperature dependence coefficients shall be prepared during the
preflight test period and used throughout the mission period.

3.4.1. VNIR Radiometric Coefficients Generation

Figure 3-9 shows the VNIR radiometric coefficients generation flow. Only detector
temperaure is the reference parameter by which the radiometric coefficients (offset and
sensitivity) haveto be corrected for a specific observation unit data. Under anormal operation
condition within the designed temperature range this correction process will not be necessary to
execute, since the correction vaue is expected to be very smal. This process is entirey
prepared for an abnorma operation beyond the designed range but still within a range of the
practica use.

VNIR Destriping parameters shadl be generated from the VNIR image data.  The details are
TBD.

( VNIR SUPPLEMENT DATA )
VNIR IMAGE DATA |
i v
DESTRIPING
-DETECTOR +DETECTOR PARAMETERS
TEMPERATURE  TEMPERATURE GENERATION
-GAINSTATUS  *GAIN STATUS
V/R-DB y
NS———— | »| OFFSETCORRECTION |—p} SENSITIVITY
———— CORRECTION
\/ A
TO VNIR L-0B DATA l
A 4
G/NIR SUPPLEMENT DATD /UNIR RADIOMETRIC COEFFICIENTS )
4100 X3+5000 DETECTORS
y 1 OFFSET DATA/DETECTOR
CVRDED VNIR RADIOMETRIC 1 SENSITIVITIE DATA/DETECTOR)
—— | COEFFICIENTS NIR 4 BYTES/DATA
S———r/
DESTRIPING PARAMETERS
\_TBD %

Figue 3-9 VNIR Radiometric Coefficients Generation
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3.4.2. SWIR Radiometric Coefficients Generation

Figure 3-10 shows the SWIR radiometric coefficients generation flow. Detector temperature
and dewar temperature are the reference parameters by which the radiometric coefficients (offset
and sensitivity) have to be corrected for a specific observation unit data. Under a norma
operation condition the detector temperatureis controlled very precisely within £0.2 K around
77 K. Therefore the correction process for the detector temperature will not be necessary to
execute as long as the SWIR is operating normally . This process is entirely prepared for an
abnormal operation beyond the designed range but still within arange of the practical use.

The dewar temperature correction, which is necessary for compensating a thermal radiation
fromit, shal be applied only to the offset, since SWIR detector has a sensitivity for the room
temperature thermd radiation up to 5 um and the band pass filter can not completely cut the out-
of-band radiation. The dewar temperature shal be used as arepresentative vaue for the interna
therma radiation. This process shal dways be executed even for the norma operation
condition.

SWIR Destriping parameters shall be generated from the SWIR image data.  The details are
TBD.

C SWIR SUPPLEMENT DATA)
SWIR IMAGE DATA |
®
+DETECTOR
TEMPERATURE +DETECTOR DESTRIPING
*DEWAR TEMPERATURE PARAMETERS
TEMPERATURE + GAIN STATUS GENERATION

S/R-DB y ' GAIN STATUS

N—— | OFFSET CORRECTION f——p|  SENSITIVITY
S——

CORRECTION
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TO SWIR L-0B DATA

Yy

(SWIR SUPPLEMENT DAT /' SWIR RADIOMETRIIC COEFFICIENTS)
2048X6 DETECTORS }
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— COEFFICIENTS SWIR
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DESTRIPING PARAMETERS
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I

Figue 3-10 SWIR Radiometric Coefficients Generation
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3.4.3. TIR Radiometric Coefficients Generation

Two kinds of processing flows, the basdine processing and the optional processing, are
prepared for TIR radiometric coefficients generation. The basdline flow shall be applied if the
short term calibration data at the beginning of each observation are available. While the optiona
flow shal be applied to the case without the short term cdibration data. The former is the
normal processing.

Figure 3-11(a) shows the baseline TIR radiometric coefficients generation flow. Thelinear and
the non-linear sensitivities coefficients in the data base shal be corrected only by the detector
temperature.  Under a norma operation condition the detector temperature is controlled very
precisey within £0.2 K around 80 K. Therefore, the correction process for the detector
temperature will not be necessary to execute as long as TIR is operating normally. This process
is entirely prepared for an abnormal operation beyond the designed range but still within arange
of the practical use.

For the baseline processing the offset data, which is the common data throughout the
observation unit, shal be generated from the short term cdibration data at the beginning of each
observation by referring the blackbody temperature in the TIR supplement data. The
predetermined offset data in the radiometric data base shal not be used in the basdine
processing.

The chopper temperature correction data for the offset data shal be caculated using the chopper
temperature changes from the short term cdlibration period. The chopper temperature correction
shall be carried out for the DN value correction of the TIR L-0OA image datawith the DC clamp
correction. This correction will be possible for each scan data (each ten line datain the aong-
track direction), since the chopper temperature data is included every scanning in the
supplement data.

This image data correction will result slightly different TIR L-0B image data DN vaue from
Level-0 data. The Level-0 datais digitized by 12 bits. The LSB (Lesast Significant Bit) vaue of
L-OB image data is very smal compared to NEAT (below one third at 300 K target signa).
Therefore, this difference will not give rise to any significant round error.

TIR Destriping parameters shall be generated from the TIR image data. The detailsare TBD.
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Figue 3-11(a) Baseline TIR Radiometric Coefficients Generation
(Baseline Process with Short Term Calibration)
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Figure 3-11(b) shows the optiona TIR radiometric coefficients generation flow. Sometimes
only some limited numbers of scenes in an observation unit will be sent eectronicaly from
EDOS as the Expedited Data Set (EDS) for quick processing without the short term cdibration
data. In such a case the optiona flow shdl be applied to prepare the tentative Level-1 data
product with less radiometric accuracy.

The linear and the non-linear sensitivities coefficients in the data base shall be corrected only by
the detector temperature in the same method as the basdline processing. The offset data in the
radiometric data base shal be used as the base data and then corrected by the chopper
temperaure, the lens temperature and the telescope temperature in the TIR supplement data.
These temperatures dependence coefficients are accommodated in the radiometric data base as
predetermined parametersin the preflight test period.

The chopper temperature is the most important parameter for the offset correction, since the
mgority radiation comes from the chopper at the timing when the detectors see the chopper and
the DC clamp is set. On the other hand the lens temperature and the telescope temperature are
less important parameters than the chopper temperature. If these temperature effects are
identified to be very smal by the preflight evaluation, this correction process will be more
simplified.

TIR Destriping parameters shall be generated from the TIR image data. The detailsare TBD.
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Figure 3-11(b) Optiona TIR Radiometric Coefficients Generation
(Optional Processwithout Short Term Calibration)
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3.5. TIR DC Clamp Correction

TIR output voltage is clamped a -1.4 V £ AV, for the bands 10-12 and -0.9 V+ AV, for the
bands 13, 14 when the chopper plate is observed by the detectores every scan. The smal
voltate AV,, is the noise voltage et amoment of the clamp which changes at random evey sacn
and must be corrected to set up the clamp voltage exactly.

Figure 3-12 shows the TIR DC clamp correction flow. The exact clamped output (DN values)
is accommodated in the TIR supplement data as the chopper data. The chopper data in the one
previous scan shal be used for the correction. The one scan chopper data with 100 sampled
data shall be averaged to have the value without including the noise component, followed by the
DC clamp error caculation which correspondsto + AV,, . This clamp error shal be subtracted
from the TIR L-0A image data to generate L-0B image data.

CTIR SUPPLEMENT DATAD—W ONE PREVIOUS CHOPPER DATA SELECTION

DATA *

CHOPPER DATA AVERAGING

!

DC CLAMP ERROR CALCULATION

TIR SUPPLEMENT DA@
\J
TO RADIOMETRIC COEFFICIENTS
TR GENERATION
4 L-0B DATA
p| DC CLAMP
CORRECTION

Figure 3-12 TIR DC Clamp Correction
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3.6. SWIR Parallax Correction

The large offset among SWIR bands in the long-track direction gives riseto the paralax error
for band-to-band registration depending on the distance between the instrument and the
targeting ground. Figure 3-13 shows the parallax correction flow. In order to eiminate this
band-to-band misregistration due to the paralax, the SWIR pardlax correction process handles
the image data as follows:

(1) Sdect band 7 as a moving window image and band 6 as atarget image. The moving
window shall be selected such that its center corresponds to the lattice point a which the
geometric system correction is carried out. The target image shall be selected to cover
the search area. The moving window image (band 7) sizeis 21 by 21 pixel.

(2) Sdect only cloud free windows for the corrdation. Apply the coarse DEM data for
cloudy window.

(3) Carry out the radiometric correction for the two window images

(4) Find correlation coefficients by moving the moving window in the pixel unit in the
along-track direction.

LY LX

ZZN»%Mmmﬂ
=1 |=

A(m,n) =
X o=, LY X o = 2\1l2
(szwsxzszmom
i= j=1 i=1 J=
where A is the correlation coefficient.
m and n are the along-track and the cross-track window numbers, respectively.
I andj arethe aong-track and the cross-track pixel numbers, respectively.
S areD areband 6 and band 7 images, respectively.

(5) Find the highest correlaion point in sub-pixel unit by interpolating the correlation data
caculated in the pixe unit.

(6) Evduate the image matching qudity. Criteria for the judgment are the correlation
coefficient and the deviation from the predetermined value from the coase DEM data
Thethreshold vauefor the corrdation coefficient is 0.7 (TBR). Thethreshold deviation
for the predetermined value is 0.2 (TBR). Apply the coarse DEM data for the window
with abad quality.

(7) Evaluate the parallax error of dl SWIR bands for the nadir direction.
The registration error due to the pardlax shal be evauated every the lattice point (the corner

point of the block) and expressed with the pixel unit for the L-OB image data in the aong-track
direction.
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Figure 3-13 SWIR Parallax Correction Flow
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3.7. Inter-telescope Geometric Correction

The ASTER instrument configuration with the multi-telescopes leads to necessity of routine
processing for the inter-telescope band-to-band registration on the ground, unless the
boresights are stable enough during the mission life to keep the initid state after launch. The
pointing change mechanism is dso asource of the disturbance because of alimited accuracy for
the pointing position knowledge.

The relative pointing knowledge, which is important for the inter-telescope band-to-band
registration, is described in Table 2-22. Judging from the knowledge, the system geometric
correction will not give enough accuracy, even if the static error is removed during the initia
checkout period. Image matching techniques will be inevitable for the inter-telescope
registration.

The VNIR band 2 shall be used as the reference band for the inter-telescope registration by the
reason described later in Chapter 8. Therefore, the inter-telescope registration process consists
of two parts. Oneis the correction parameter generation between SWIR and VNIR. Another is
the correction parameter generation between TIR and VNIR.

The important feature to be stressed here for the inter-telescope registration is that a set of the
correction parameters will be vaid and can be applied dl images as long as the pointing is kept
at the same position and the eapsed time since previous parameter setting is short enough for
the boresight stability. The inter-telescope registration correction will be carried out every the
observation unit.

3.7.1. SWIR/VNIR Inter-telescope Geometric Correction

Figures 3-14 shows the SWIR inter-telescope geometric correction flows for VNIR band 2.
This correction process shall be carried out as follows.

(1) Start the registration error caculation at the beginning of each observation unit only for
the full mode observation.

(2) Sdect band 2 as a moving window image and band 6 as a target image. The moving
window shall be selected such that its center corresponds to the lattice point at which the
geometric correction is carried out. Thetarget image shal be selected to cover the search
area. The moving window image sizeis 41 x 41 pixels. The target window size shal be
larger than the moving window to cover the search area.

(3) Sdlect acloud free window for the correlation by repeating the previousitem (2).
(4) Carry out the radiometric correction for the cloud free images

(5) Find correaion coefficients by moving the moving window in the pixe unit in both
along-track and the cross-track directions.

LY LX

Zzﬁm&ummmﬁl
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where A is the correlation coefficient.
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m and n are the along-track and the cross-track window numbers, respectively.
I andj aretheaong-track and the cross-track pixel numbers, respectively.
S are D areband 2 and band 6 images, respectively.

(6) Find the highest correaion point in sub-pixel unit by interpolating the correlation data
caculation in the pixel unit.

(7) Evaduate the image matching qudity. Criteria for the judgment are the correlaion
coefficient. The threshold value for the correlation coefficient is0.7 (TBR).

(8) Repeat the process fromitem (2) to item (7) until the preset number of the effective error
datais obtained. The preset numbers are aminimum of 100 and a maximum of 200.

(9) If the preset number error data can not be obtained in the observation unit, the zero error
data shall be applied for this unit and the failed information shall be output.

(10) Exclude the error data which deviate over 3o value from the average.

(11) The obtained number of the effective error data shall be averaged to generate a set of
fina error data.

(12) Cdculate 30 vaue to evaluate the accuracy.
3.7.2. TIR/VNIR Inter-telescope Geometric Correction

Figures 3-15 shows the TIR inter-telescope geometric correction flows for VNIR band 2. This
correction process shall be carried out as follows.

(1) Start the registration error calculation at the beginning of each observation unit, only if
one of the conditions shown below is satisfied for the full mode observation.
» The pointing was changed after the previous observation.
* The elapsed time since the previous error data setting exceeds 16 minutes (TBR).
For the observation mode other than the full mode, skip the new error data cdulation
process.

(2) Select band 2 as a moving window image and band 11 as a target image. The moving
window shall be selected such that its center corresponds to the lattice point at which the
geometric correction is carried out. Thetarget image shal be selected to cover the search
area.  The moving window image size is 41 x 41 (or 121 x 121) pixds. The target
window size shall be larger than the moving window to cover the search area.

(3) Select acloud free window for the correlation by repeating the previousitem (2).

(4) Carry out the radiometric correction for the cloud free images. For band 11 image the
1/10 pixel time delay shall be compensated by 1/10 sub-pixel resampling.

(5) Find correlation coefficients by moving the moving window in the pixd unit in both
along-track and the cross-track directions.
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where A is the correlation coefficient.
m and n are the along-track and the cross-track window numbers, respectively.
I andj arethe aong-track and the cross-track pixel numbers, respectively.
S aeD areband 2 and band 11 images, respectively.

(6) Find the highest correlaion point in sub-pixe unit by interpolating the correlation data
calculation in the pixel unit.

(7) Evduate the image matching qudity. Criteria for the judgment are the correlation
coefficient. The threshold value for the correlation coefficient is0.7 (TBR).

(8) Repest the process from item (2) to item (7) until the preset number of the effective error
datais obtained. The preset numbers are aminimum of 100 and a maximum of 200.

(9) If the preset number error data can not be obtained in the observation unit, the zero error
data shall be applied for this unit and the failed information shall be output.

(10) Exclude the error datawhich deviate over 3o value from the average.

(11) The obtained number of the effective error data shall be averaged to generate a set of
final error data.(12) Calculate 3o vaue to evaluate the accuracy.
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3.8. Scene Cutting

The scene cutting shal be carried out from Level-OB data according to the predetermined World
Reference System (WRS). Each group data shal be divided into scenes every 60 km for the
adong-track direction. One scene size shall be 63 km including an overlap of 5 % with
neighboring scenes except for band 3B. For band 3B the scene size shadl be 69 km including
an additiona overlap of 6 km to compensate the terrain error contribution, that is, 7.5 km
overlap with the previous scene and 1.5 km overlgp with the next scene. This scene cutting is
necessary for granularizing the Leve-1A and the Leve-1B data products. It does not
necessarily mean that the scene position is rigidly predetermined. It is still possibleto revert the
scenesto Level-OB datafor adifferent scene cutting.

Since the radiometric correction coefficients are the observation unit specific parameters for the
VNIR and the SWIR bands, the same coefficients shall be gppended for al scenes which
belong to the same unit. On the other hand, for the TIR bands, the offset component of the
radiometric correction coefficients might be slightly depend on the position in the unit. In the
L-OB data the chopper temperature dependence coefficients with the chopper data are
accommodated by which the scene specific data can be calculated. The radiometric correction
coefficients correspond to the scene center shal be caculated and appended as a part of the
Level-1A data product.

3.9. Geometric Coefficients Generations

Figures 3-16, 3-17 and 3-18 show the geometric coefficients generaions flows for VNIR,
SWIR and TIR, respectively.

All registration error datawhich are cdculated by the paradlax correction and the inter-telescope
geometric correction processes shall be consolidated and changed into the latitude/longitude
from the pixd unit in the dong- and cross-track directions. The latitude/longitude vaues at
each lattice point, which are caculated by the geometric system correction, shal be corrected
with the consolidated error data.

A set of positions expressed by the latitude and the longitude are adopted as the geolocation data
for each lattice point.

Other parameters which are necessary for higher level product generations such as the Leve-3
(the geocoded ortho images) data products and the Level-4 (DEM) data products are caculated
or arranged in this module, and shall be gppended to the Level-1A products. The detailed
contents are defined in the separate document (the Level-1 Data Product Specification ).
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3.10. Level-1A Data Products

Figure 3-19 shows the contents of the Level-1A data products.
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Note: Detailed contents of other geometric data and auxiliary data are defined in
the document "L evel-1 Data Products Specification”

Figure 3-19 Contents of Level-1A
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3.11. Cloud Coverage Calculation

The ASTER cloud cover assessment agorithm(ACCAA) is an agorithm which estimates the
cloud cover fraction of one scene in order to determine whether the SWIR pardlax correction
process is carried out or skipped.

The ACCAA uses ASTER band 2(VNIR),4(SWIR) and 11(TIR) to determine whether image
pixes are cloud contaminated or not. Since the data from dl the three telescopes will be used,
following consideration will be needed. At first step, image pixel data shall be subsampled so
that final pixel number is 7 x 7 pixels for band 11. For band 2 data for corresponding point,
shall be averaged over 42 x 42 pixds and for band 4, over 21 x 21 pixes, considering the
pixd size difference of VNIR, SWIR and TIR. Also, noticethat this process should be done
after the process of system correction of band to band registration. This set of datafrom bands
2,4 and 11 are called "subsampled pixel data”.

At second step, each subsampled pixel data shal be thresholded against band 2 to determine
that it is bright and then against band 11 to determinethat it is cold. If this subsampled pixe is
both highly bright and cold, it shall be assumed that this pixe is ether a cloud or a snow/ice
feature. At third step, the pixd is again thresholded in band 4 to determine whether it is a cloud
or a snow/ice feature. In addition, the image pixd is further thresholded in bands 2 and 4 to
determine whether it is anice or aice/snow feature.

Flow chart of ACCAA is shown in Figure 3-20. Threshold vaues are be derived from the
experience of EOSAT and depend on sun elevation angle.
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3.12. Level-1B Processing

The Leve-1A data product consists of the image data, the radiometric coefficients, the
geometric correction coefficients and the auxiliary data. The Leve-1B data products will be
generated by using these data for the requested map projection and the resampling method.

Figure 3-21 shows the psudo-affin coefficients generation flow for the map projections such as
UTM, LCC, SOM, Mercator, Polar Stereo and Uniform Lat/Long. The coordinates
transformation from the latitude/longitude to the selected map projection coordinates shal be
followed by the coordinates transformation to the Leve-1 coordinates expressed by the pixe
size units of each band. The path oriented coordinates shal be used rather than the map
oriented coordinates in order to keep the image qudity as closeto the Level-0 data as possible.
The pixel sizes of Leve-1 are 15 m for VNIR bands, 30 m for SWIR bands and 90 mfor TIR
bands on the standard lines for each map projection regardless of red pixd sizes which slightly
depends on the spacecraft atitude and the pointing angle.

A set of the pseudo-affin transformation coefficients which consists of eight coefficients shal
be generated for each block of the Level-1 coordinates by using the relation from the L-0B to
the Level-1 coordinates according to the well-established usua procedure. The sizes of the
block is the same as those of Level-0 coordinates.
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Figure 3-21 Map Projection
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Figure 3-22 shows the geometric resampling. All pixd addresses in the Level-1 coordinate
system shal be transformed into the realigned (stagger-corrected) L-OB coordinates by which
corresponding one, four or sixteen pixel addresses depending on the resampling methods with
weight functions are found for resampling. Prior to the resampling, DN vaues of the bad
pixels shal be evaluated by the linear interpolation from the adjacent pixels, followed by the
destriping correction for the DN values of the image data.

Resampling shall be carried out using the radiometric coefficients of detectors. The nearest
neighbor (NN), the bi-linear (BL) and the cubic convolution methods are considered as types of
the resampling. Finally the radiance shdl be converted to the DN vadue using the radiance
converdion coefficient of the norma gain and the gain factor which are accommodated in the
radiometric data base file.
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Figure 3-22 Geometric Resampling
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3.13. Level-1B Data Products

Figure 3-23 shows the Level-1B data products which consist of the image data, the radiance
conversion coefficients and the auxiliary data. The contents of the auxiliary data are defined in

the document "Level-1 Data Products Specification”.
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4. GEOMETRIC DATA BASE PREPARATION AND CORRECTION PLAN

The VNIR subsystem has two telescopes, that is, one nadir telescope and one backward
telescope. While SWIR and TIR subsystems have one telescope for each. The boresight is
defined for each telescope as an average direction of al detectors in the same telescope. For
SWIR and TIR subsystems a optica path bending due to the pointing mirror shall be included
in the boresight vector and the stagger dignment of detectors shal be redigned to the center
position. The fina products in the geometric data base are summarized in the following two
kinds of parameters from which the LOS vectors toward the navigation base reference (NBR)
can be calculated for an arbitrary pointing position.

(1) A set of theline of sight (LOS) vectors for the nadir cross-track pointing position toward
NBR.

(2) The pointing drive axis vector toward the NBR.

4.1. Preflight Activity
4.1.1. Preflight Activity during Subsystem Test

During the subsystem preflight test the line of sight (LOS) vectors shall be evauated toward the
boresight coordinate frame of each telescope by using the collimator. The boresight coordinate
frameis right-handed and orthogona. The Z-axisis codigned with the boresight vector. The
Y-axisis aline normd to the Z-axis and to the pointing drive axis. The X-axisis perpendicular
to both the Y-axis and the Z-axis to complete the right hand set. It should be noted that the
boresight coordinate frame changes depending on the cross-track pointing position. Therefore,
the coordinate transformation is necessary to identify the LOS vectors for an arbitrary pointing
position. The evaluation processis asfollows.

(1) The cross-track pointing shall be set to the predetermined nadir position, because the
boresight changes the direction depending on the cross-track pointing position.

(2) The LOS vectors of selected detectors (number is currently TBD) shall be evauated
toward the body-fixed coordinate system of each subsystem at initia stage.

(3) The boresight vector for each telescope shal be caculated from the evduated LOS
vectors according to the definition of the boresight in which the boresight is an average
direction of the al detectors. Then the boresight coordinate frame for the nadir pointing
position shall be defined for each telescope.

(4) The exact direction of the pointing drive axis toward the boresight coordinate frame shall
also be evaluated.

(5) Then, the measured LOS vectors shal be expressed with the boresight coordinate frame
by coordinates transformation from the body-fixed to the boresight coordinates

(6) For SWIR and TIR telescopes the stagger configuration of detectors shal be realigned to
the center position between the odd and the even alignment lines.
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4.1.2. Preflight Activity during | & T on Spacecr aft

During the integration and test on the spacecraft the nadir boresight coordinates (the boresight
coordinates for the nadir position of the cross-track pointing) for each subsystem is aligned to
the Spacecraft Reference Axes (Navigation Base Reference) as exactly as possible except for
TIR subsystem, whichis rotated by 0.3 degree on Z-axis from the exactly coincided position
as shown in Figure 2-1. For VNIR subsystem the boresight coordinates shal be represented
by the nadir telescope. A smdll aignment error between each subsystem and the spacecraft can
be evaduated by using the instrument cube of each subsystem and the spacecraft cube. Then the
LOS vectors and the boresight vectors toward Navigation Base Reference (NBR) can be
obtained with the coordinate transformation by an aignment error between two coordinate
system. The boresight shall be as close to the Z-axis of NBR as possible.

The final product during the preflight test is the preiminary geometric data base (Version 0)
which contains a set of the LOS vectors toward the NBR as shown in Figures 4-1. The cross-
track pointing axis which is expressed toward the NBR is also a part of the geometric data base.

4.2. In-Flight Initial Checkout Activity

The LOS vectors measurements with the collimator during the preflight test may not be
accurately enough for the precise band-to-band registration. Red image data are indispensable
forit. However, Itis not possibleto have focused image data during the preflight test activity
on the ground. Therefore, a fine tune-up process based on acquired image data will be
necessary for the preparation of the geometric data base with an accuracy for the operationa
use. This process shal be carried out during the in-flight initid checkout period which is
scheduled for three months just after the launch. The specid Level-1B products without the
SWIR parallax and the inter-tel escope corrections shall be used for this purpose.

In addition, thereis astrong possibility to enhance the pixel geolocation knowledge (PGK) by
evauating astatic error of the pointing information by comparing an acquired image with GCP
(Ground Control Point). A specified vaue of PGK is 437 m which can be evauated from a
position knowledge of 150 m and a boresight pointing knowledge of 120 arcsec. By
considering that these design vaues of the knowledge for the flight modd is much better than
the specified values and that the mgority part of the pointing knowledge is static, a PGK of
about 50 m may be anticipated, if the static error is removed.

Theinitid checkout activity for the geometric data base consists of three parts, that is, an intra
telescope registration error correction, an inter-telescope registration error correction and a
geolocation error correction. The correction process flow is shown in Figure 4-2.

4.2.1. Intra-telescope Registration Correction

The intra-telescope registration error detection shall be carried out for dl bands relative to the
reference band of each subsystem, that is, band 2 for VNIR, band 4 for SWIR and band 11 for
TIR. The image matching techniques shdl be used for the error detection relaive to the
reference band. An devation information of the target subscene for the image matching is
necessary for compensating the paralax error of SWIR. Therefore, the scenes for this purpose
shal be same as those specidly prepared for the geolocation correction described in Section
4.2.3. The correction procedure is as follows. The specid Leve-1B products without the
SWIR parallax and the inter-tel escope corrections shall be used for this purpose.

(1) Severd subscenes with GCP information are selected in a scene as correlaion windows

of which sizes are tentatively set to 42 x 42 pixd for VNIR, 21 x 21 pixels of SWIR and
7x 7 pixelsfor TIR.
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(2) Matching error components in both the along-track (X-axis) and the cross-track (Y-axis)
directions are evauated for each subscene. Subpixel resampling may be carried out if
necessary.

(3) For SWIR the pardlax error is cdculated from the eevation information of GCP and
subtracted from the image maiching error in the adong-track direction to evauate
aignment error only.

(4) Theerror is applied to one closest detector correspond to the center of each subscene.

(5) The LOS vector errors for roll, pitch and yaw components of these selected detectors can
be evaluated from these error data

(6) The LOS vectors of other detectors can be evauated with the linear interpolation method.

This correction will be very small and a few arcseconds a most judging from the accuracy of
the preflight measurements.  This intra-telescope registration correction will be necessary only
for the in-flight initial checkout period, because the detector alignment in the same telescope is
considered to be very stable.  This stability is specified within £0.2 pixels during the life of the
instrument as shown in Table 2-15.

4.2.2. Inter-telescope Registration Correction

The inter-telescope registration error detection shal be carried out for band 6 for SWIR and
band 11 for TIR relaiveto the reference band 2. The image matching techniques shal be used
for the error detection relaive to the reference band. The paralax error among the reference
bands is very smal. Therefore, the scenes for this purpose will not be necessarily same as
those specidly prepared for the geolocation correction including GCP information but be
preferable to be same as those for consistency throughout the geometric correction process.
The correction procedure is as follows.

(1) Severa subscenes for the image matching are selected in ascene as correlaion windows
of which sizes are tentatively set to 42 x 42 pixel for VNIR, 21 x 21 pixels of SWIR and
7x 7 pixelsfor TIR.

(2) Matching error components in both the along-track (X-axis) and the cross-track (Y-axis)
directions are evauated for each subscene. Subpixd resampling may be carried out if
necessary.

(3) Theerror is applied to one closest detector correspond to the center of each subscene.

(4) The LOS vector errors for roll, pitch and yaw components of these selected detectors can
be evaluated from these error data.

(5) All LOS vectors of bands 4 and 11 can be evaluated with the linear interpolation method.

(6) The same LOS vector errors as bands 4 and 11 are gpplied to dl other SWIR and TIR
bands.

In this correction process pixd size adjustment among different telescopes is most important
and will be kept in the same vaue during the mission life. At the same time a static component
of the misaignment among different telescopes can be evauated in the flight condition.
Therefore, only dynamic part of the misaignment including the pointing knowledge in the
cross-track direction is necessary to be corrected by the image matching during the normal
operation phase
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4.2.3. Geolocation Correction

The geolocation error detection shal be carried out only for band 2. The geolocation accuracy
for other bands may be guaranteed through intra- and inter-bands registration processes. The
specid GCP fileis planned to be prepared for the this geolocation error detection using JERS-1
datawith a spatia resolution of 18 m. About 30 scenes with 10 - 20 GCPs will be prepared
throuout the world. At least 30 data will be necessary for statisticaly evauating the static
pointing error. Considering the cloud coverage probability about 300 GCP will be prepared for
this purpose. The correction procedureis as follows.

(1) The scenes of VNIR band 2 which include the specidly prepared GCP chips for this
purpose are selected.

(2) Matching error components with GCP chips in both the dong-track (X-axis) and the
cross-track (Y-axis) directions are evaluated for each subscene.

(3) The LOS vector error based on the spacecraft position and the boresight pointing errors
can be evaluated from these image matching error data for each scene with GCPs.

(4) The error correction for band 2 shall be applied to al LOS vectors of al bands

A mgor purpose of this correction process is to evaluate a static pointing error as a whole
including the spacecraft and the instrument. The static error shal be finaly determined from a
lot of error data during theinitia checkout period and will probably be kept in the same vaue
during the mission life. The static error correction shall be gpplied to al LOS vectors of al
bands.

The final product during the in-flight initia checkout period is to prepare the geometric data
base for the norma operationa use by tuning up the preiminary database. Theinitid data base
for the normal operation is named the data base (Ver. 1).

4.3. In-Flight Verification Activity

As described in the previous section the intra-telescope band-to-band registration will be kept in
the same condition throughout the mission life as the initid checkout period. The inter-
telescope band-to-band registration is to be carried out routindly in the Leve-1 processing by
the image matching to compensate a dynamic part of the pointing stability as described in the
Section 3.6. Therefore, a specid verification activity by the science team will not be necessary
for the geometric data base correction regarding the band-to-band registration. Usua quality
check of the data products will be enough to keep it

Although the geolocation knowledge is adso considered to be kept in the enhanced vaue
throughout the mission life after aremova of the static pointing error during the initial checkout
period, aspecid verification activity will be important on the geolocation knowledge, because it
can not be done by the usuad qudity check of the dataproducts. This activity will aso be useful
to monitor instrument pointing behavior as a whole including both instrument and the
spacecraft.

This verification activity is planned to be carried out whenever the instrument acquires the good
image data of the scenes with a lot of GCPs which is specialy prepared for this activity. The
GCP file is same as that prepared for the initia checkout activity. Figure 4-3 shows the
verification activity flow for the geometric data base during the normal operation which is
basicdly same as the geolocation correction part of the initia checkout period. Judgment will
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be done for the data base update if an average pointing error during TBD operation period
(tentatively 3 months) exceeds some threshold value.

4.4. GCP Preparation Plan

The GCP preparation is planned for the absolute cdibration of the line of sight vectors and the
pointing axes of each telescope. This cdlibration activity is important to keep the geolocation
accuracy and will haveto be carried out intensively during the initial checkout period. Even in
the norma operation period the prepared GCPs will be used for routine verification activity of
the geolocation accuracy. The geometric data base shal be updated considering the results if
necessary. The planned GCPs are shown below.

(1) Standard GCP
Purpose: absolute calibration of the LOS vectors of band 2
Accuracy: £15 m or better for X and Y components, 50 m or better for Z component
Location: Within + 26 km from the nominal orbit
Number: About 300 points a launch for initia checkout activity and TBD points for
verification activity during normal operation period
Position determination : digitized using maps with a scale of 1/24,000 or 1/25,000.

(2) High Qudity GCP
Purpose: absolute calibration of the pointing axis direction
Accuracy: £1.5 m (TBR) or better for X and Y components, £2.5 m (TBR) or better for
Z component
Location: about 100 km away from the nominal orbit
Number: 20 - 30 points a launch for initid checkout activity and TBD points for
verification activity during normal operation period
Position determination : measured with differential type GPS.

Table 4-1 shows the candidate of Landsat scenes to prepare the GCPs, specificaly for the
initial checkout activity. About 10 GCPs will be selected for each scene. Additiona GCPs are
planned to prepare for verification activity during the norma operation period, athough the
detailsare TBD in current stage.

Table4-1 Selected Landsat Scenes for GCP Preparation

Area Path/Row No Average Cloud Coverage (%)
July August September

U.SA. 015/032 - 035 53-57 55 47 - 53
026/033 - 036 34 -39 39-43 39-46
091/076 - 078 27-33 24 - 29 21-27

Audtrdia 092/077 - 079 24 - 27 21-24 21
092/084 - 086 34-49 32-48 21 -48
090/089 - 090 56 - 64 57 - 66 61 - 68
Thaland 129/047 - 049 82 -85 85 - 87 71-80
130/048 - 050 87 -89 87-91 71-80
France 199/027 - 029 38 - 47 42 -51 40 - 47
107/029 - 036 66 - 76 53-73 61-72

108/035 68 53 68

Japan 110/035 73 57 72

112/037 68 56 67

113/037 68 56 67
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5. RADIOMETRIC DATA BASE PREPARATION AND CORRECTION PLAN

5.1 Preflight Activity
5.1.1. Preflight Activity Overview

Figures 5-1, 2 and 3 show activities for radiometric cdibration coefficients determination for
VNIR, SWIR and TIR, respectively, in the preflight phase. Performances of gain, offset, non-
linearity, stray light and bright target recovery are being measured for PFM.  Such
performances have temperature depndence so that temperature dependence is aso being
messured and characterized. These measured data are converted to Radiometric Calibration
Coefficients(RCCs) and temperature coefficients which are contents of the radiometric
correction data base files.

At an initia stage of the preflight activity VNIR will be calibrated against a working standard
large integrating sphere source whose radiance is tracegble to the primary standard copper-and-
silver point blackbodies. The preflight radiometric correction coefficients(RCCs) will be
determined together with the offset signa. Bright target recovery and stray light effect will be
measured and might be applied to the Level 1 processing, if necessary.

For SWIR, the preflight RCCs will be obtained by measurements of a working standard large
integrating sphere source whose radiance is tracegble to the primary standard zinc-, lead- and
tin- point blackbodies. The offset signa will be determined for a zero radiance input. The
silicon photodiodes that monitor the on-board calibrator lamp outputs will be calibrated with
respect to the integrating sphere source by transfer through SWIR.

Radiance monitor data together with wavelength correction data, silicon photodetector
temperature, dewar temperature, cdibration circuit temperature and eectronics temprature will
aso be gathered for SWIR. Theseareto beused in Leve 1 processing. Bright target recovery
and stray light effect will aso be measured for SWIR and might be applied in the Leve 1
processing.

TIR will be caibrated in preflight against a standard blackbody in a vacuum chamber. The
temperature of the standard blackbody will be changed from 100 K to 370 K. The calibration
will be carried out a various chopper and lens temperatures. The radiance will be transferred
through TIR to the on-board blackbody.

Offset term of the radiometric cdibration coefficnets is a function of detector
temperature, ,optics temperature, barrel temperature and aso chopper temperature so that these
temperatures will be monitored for correction. For non-linearity, a quadratic form of the
relationship between input radiances and output voltageis to be determined as aprelaunch data
while radiance-brightness temperature relationship will aso be characterized. Besides, stray
light effect will be measured and might be applied in Level 1 processing in the prelaunch phase.

During the preflight cdibration and characterization of the EOS-AM1 instruments, there will be
across-caibration activity to compare the absolute radiometric caibrations of ASTER, MISR,
MODIS and MOPITT. This activity will involve the use of severd ultra-stable transfer
radiometers that will be used to compare the integrating sphere sources and blackbodies (where
gpplicable) used to caibrate these instruments. The transfer radiometers will be provided and
operated by personnel from GSFC/NIST, NRLM and UofA. The cross-cdibrations will be
conducted in ambient for bands in the solar-reflective range and in vacuum for the thermal
infrared. The measurements are to be conducted immediately before or after the fina preflight
calibrations of the ASTER.
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The results of these cross-cdibrations will be andized to determine the magnitude of any
systematic differences between the absolute calibrations of the preflight calibraion source. Any
such differences may be used to modify the preflight calibration coefficients of the instrument.

PRELAUNCH ACTIVITIES(VNIR)
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Figure.5-1 Prelaunch Calibration Activitiesfor VNIR
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Figure 5-2 Prelaunch Calibration Activitiesfor SWIR
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PRELAUNCH ACTIVITIES(TIR)
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Figure 5-3 Preflight Calibration Activitiesfor TIR
5.1.2. More Detailed Preflight Activity

More detailed preflight activity are shown below for the case of VNIR as examples. Similar
activities are considered for SWIR and TIR, athough they are not completely same as VNIR.

(1) Before Therma Vacuum Chamber (TVC) test

* Cdibration against a large integrating sphere (LIS) for al eements of Bands 1 to 3 nadir
(3n) and 3 backward (3b) at ambient temperature and ambient pressure (ATP).

» Measurement of each on-board lamp (OBL) for dl elements of Bands 1 to 3n a ATP just
after the LIS calibration. Transfer of the caibrated value of 1) to each OBL.

(2) AtTVCtest
 Cdibration against an LIS for center elements of Bands 1 to 3n and 3b a a TVC.
Comparison of cdibration databetween ATP and TVC test. Thisis for the measurement
of the vacuum shift of the radiometer and ambient temperature influence test.

» Measurement of each OBL for dl eements of Bands 1 to 3n a TVC just after the LIS
cdibration. Transfer of the cdibrated vaue of 1) to each OBL. Comparison of
cdibration data between ATP and TVC test. This isfor the measurement of the vacuum
shift of the OBL and ambient temperature influence test.

(3) After TVC test and before integration to ASTER system
* Cdibration against an LIS for al elements of Bands 1 to 3n and 3b at ATP. Comparison of
calibration data with previous results.

» Measurement of each OBL for al eements of Bands 1 to 3n & ATP just after LIS

cdibration. Transfer of the cdlibrated value of 1) to each OBL. Comparison of calibration
data from previous results.
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* A review meeting will be held a this stage to determine the find prelaunch radiometric
coefficients.

* The result will be reported in English to Joint ASTER team after PSR.

(4) After ASTER system integration and before shipment to U.S.A. (ASTER System Levd
Test)
* Cdibration against each OBL for al dements of Bands 1 to 3n at ATP and a TVC. Check
of the stability of the calibrated value of (3).

(5) At USA before integration to EOS AM-1 (Bench Acceptance Test)
* Cdibration against each OBL for al eements of Bands 1 to 3n a ATP. Check of the
stability of the cdibrated value of (3).

(6) At USA after integration to EOS AM-1 (EOS AM-1 System Level Test)
* Cdlibration against each OBL for all ements of Bands 1 to 3na ATP and TVC. Check of
the stability of the calibrated value of (3).
* A review meeting will be held at this stage.
(7) Launch Site Test
* Cdibration against each OBL for al elements of Bands 1 to 3n a ATP. Check of the
stability of the caibrated value of (3).

(8) Prelaunch Cross-Calibration

Purpose Check the preflight calibration of the calibration source of the
each instrument of EOS AM-1

Method Cross-calibration using round-robin radiometers

Participants NRLM, U. of Arizona, NIST and NASA GSFC

Instruments ASTER VNIR, MODIS and MISR

Dates First onefor ASTER VNIR: February 21-22 in 1995 at NEC.

First onefor MODIS: Later than May in 1996.
Second one for ASTER VNIR and SWIR: Later than May in 1996.
Thermal round-robin by NIST in 1997.

Uncertainty 2% (TBR)

Note If the agreement isworse than 3 % (TBR), the prelaunch
calibration system will be reviewed severely. However the
correction of coefficients using cross-calibration datawill not be
done.
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5.2. Initial Checkout Activity
5.2.1. Initial Checkout Activity Overview

Theinita in-flight calibration will be carried out during the three-month activation and eevation
phase. Using the earth images at night for the offset signa and the on-board lamp calibration
data, thefirst in-flight RCCs will be obtained and compared to the preflight data.  Figures 5-4,
5-5 and 5-6 show activities for radiometric correction coefficients confirmation and refinement
for VNIR, SWIR and TIR, respectively in initial checkout phase.

Cdibration offset, eectric caibration and optical cdibration dataare used for refinement of the
coefficients for offset, responsivity(Nadir), responsivity(Backward) for VNIR. As the results,
VNIR radiometric data base file will be updated from Ver.0 to Ver.1.

On the other hand, cdibration offset data of SWIR and optica cdibration data are used for
refinement of the coeffiecients for offset, responsivity. In this connection, optica calibration
data are to be corrected with radiance monitor output and calibration lamp voltage. Then SWIR
radiometric data base file will also be updated from Ver.0 to Ver.1.

Meanwhile, 270 K of the brackbody onboard on TIR will be used for the refinement of the
correction coefficients of the offset. 270 K of brackbody temperature is observed in both before
and after the observation. Together with the difference between chopper and clamp
temperature, offset term will be determined. Four temperature of the onboard brackbody with
the range of 270 K to 340 K will be used for refinement of the correction coefficients of the
responsibity and the offset terms. TIR ratiometric data basefile will be updated from Ver.0 to
Ver. 1.

PREFLIGHT ACTIVITY (VNIR)
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> T
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LAMP VOLTAGE ]

Figure 5-4 Initial Checkout Activity for VNIR
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Figure 5-5 Initial Checkout Activity for SWIR
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Figure 5-6 Initial Checkout Activity for TIR
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5.2.2. On-board Calibration during Initial Checkout Period

Cdibration against each on-boad cdlibration lamps for al eements of Bands 1 to 3n is carried
out as follows. Monitor output will be checked if the VNIR output show some change. A
proposal for the frequency of OBL cdibrationis as follows.

Frequency Repeated times Subtotal
Once Every Day Four times 4 Days
Every Two Days Four times 8 Days
Every Four Days Two times 8 Days
Every Eight Days Two times 16 Days
Totd 12times 36 Days

5.2.3. Vicarious Calibration Activity during Initial Checkout Period

Two kinds of thevicarious caibrations are planned. The vicarious cdibration 1 will be carried
out at Deserts as follows.

Cross-Calibration at Deserts

Testsite Desertsin Saudi Arabiaand other areas
(Non occupant areas)

Method Using uniform image data and averaging
Frequency Every sixteen days, three times
Precision 2.8 % (TBR)
Purpose 1 Cadlibration of al elements of Band 3b

2 Uniformity Calibration among al elementsin Bands 1 to3n and 3b
Note The time difference of image acquisitions between Bands 3n and 3b

isonly 55 sec. The roughness of desert seen at different angles
might influence through shadow effect on the accuracy of the
cross calibration between them.

The vicarious Calibration 2 will be carried out as follows.

Purpose Calibration of center elements of Bands 1 to 3n and 3b
Institute Airborne Tedtsite Frequency
U. of A. Helicopter White Sands Five times ?
JPL AVIRIS Lunar Lake etc. Once (Three test Site)?
GSJ Tsukuba, Nemuro
Saga U Ariake Bay
USGS/NAU
JPL MAS
CNR MIVIS
CSIRO Ocean north-west Tasmania
MISR
CNES
S. Dakota State
Canada
ESA
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5.2.4. Cross-Calibration during Intial Checkout Period
Cross-cadibration is planned with MODIS as follows

Institute JP, GSJ, Saga U, U of A, U of Wisconsin (MODIS), CSIRO
MISR, CNES, S. Dakota State, Canada, ESA, etc.

Cross-Calibrations with Landsat, SPOT and AVNIR are also planned. Detailsare TBD.
5.2.5. Method for Initial Radiometric Calibration Coefficients Determination

Figure 5-7 shows the method for determination of Initial Radiometric Calibration Coefficients.

PRELAUNCH CAL DATA ¢
PRELAUNCH CROSS-CAL DATA CHECK
LAUNCH
A SYSTEM
CORRECTION

ON-BOARD CAL DATA —
B SYSTEM

IN FLIGHT CROSS CALDATA | INITIAL
RCC

| REVIEW

VICARIOUS CAL DATA

Figure 5-7 The method for Initial Radiometric Calibration Coefficients Determination.

Following Workshop for ASTER Cad/Vvad will be held for decision-making

Date Just after initia check-out period
Member Japanese coefficient review members, etc.
Language English
Purpose For reviewing the Level 1 radiometric calibration coefficients
Review A review will be held at the end of the Workshop

Final Authority Japanese ASTER Team Leader will owe the final responsivity of the
calibration coefficients generation.

5.3 In-flight Activity during Normal Operation Period

5.3.1. In-flight Calibration Activity Overview

Figures 5-8, 5-9 and 5-10 show activities for radiometric correction coefficients generation for
VNIR, SWIR and TIR, respectively in thein-flight phase. In this period, vicarious and cross
cdibration data are to be referred for RCCs revision based upon the strategy for the revision

described in the Section 5.4. The initidl RCCs may be updated every 16 days (TBR) by new
on-board calibration data, if necessary.
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Figure 5-8 VNIR Radiometric Correction Data Update Flow
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Figure 5-9 SWIR Radiometric Correction Data Base Update Flow
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Figure 5-10 TIR Radiometric Correction Data Base Update Flow
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5.3.2. On-board Calibration during Normal Operation Period

Key components of the VNIR On-board Calibrator(OBC) are a par of haogen lamps and the
electronic calibration source. The haogen lamps arefor the tota cdibration of optics, the beam
splitter, the detector arrays and and the eectronics components. The eectronic calibration
source is for the cdibration of the detector arrays and the dectronics components. The
reference source radiance from the two halogen lamps are monitored with a well qudified
photodiode and are compensated with the photodiode temperature and the lamp voltage. While
the eectronic calibration reference voltages are compensated with the detector array temperature
and the temperature of the electronics components.

Two halogen lamps are onboard as cdibration sources for SWIR. The reference source
radiances from the lamps are monitored with a well established photodiode and are
compensated with a photodiode temperature, the temperature of the monitor eectronics circuit
and lamp voltages. Other than that, again and offset of the SWIR is compensated with detector
array temperature and the temperature of the dewar.

TIR employs awdl cdibrated on-board blackbody of which temperature is changeable from
270 K to 340 K. Physica temperature of the blackbody is monitored with a set of well
qudified Pt resistance thermometer. By using 270 K to 340 K of the blackbody temperature
which are taken every 16 days, the gain and offset terms are cdibrated and are compensated
with the temperatures of the telescope barrd, the lens assembly and the chopper while the offset
term is cdibrated with the 270 K of blackbody temperature which is taken every observation
period.

Cdibration against each OBL for dl eements of Bands 1 to 3n will be carried out as follows.
Monitor output will be checked if the VNIR output shows some change.

Frequency once every sixteen days for both A and B calibrator systems.
Strategy See section 5.4.
Purpose All coefficients of Bands 1 to 3n to be used for Level 1

processing will be generated from previous calibration coefficients
and changes of OBL calibration data.

Review The OBL cdlibration data are checked routinely every sixteen days
by ERSDAC and if any anomaly isfound aspecia review meeting
will be held from the request by the Japanese ASTER Team L eader.

5.3.3. Vicarious Calibraiton Activity during Normal Operation Period

Vicarious cdibration is defined here as the use of ground and atmospheric measurements as
inputs to radiative transfer codes to predict the top-of-the-atmosphere radiances for in-flight
spacecraft cdibration purposes. Unlike OBCs, afidd-instrument malfunction can be corrected,
with the loss of only one cdlibration. Also. such cdibrations are likely to improve in accuracy
with time as instrumentation and techniques are refined. OBCs arelikely to degrade with time
on orbit.

Intensive vicarious measurements will be made during the three mouth activation and evauation
(A and E) phase by Japanese and US ASTER Science Team members and others, these
activities will continue through the lifetime of ASTER. Theseresults, included in the "Vicarious
Cdibration" box in Figures 5-8, 5-9 and 5-10, will be combined with the on-board cdibrator
results.

Two kinds of thevicarious cdibrations are planned. The vicarious cdibration 1 will be carried
out a Deserts as follows.
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Testsite Desartsin Saudi Arabia and other areas
(Non occupant areas)

Method Using uniform image data and averaging

Frequency Every forty-eight days

Precision 2.8 % (TBR)

Purpose 1 Cadlibration of al elements of Bands 3b against 3n

Purpose 2 uniformity Calibration among al elementsin Bands 1 to 3n and 3b

The vicarious Calibration 2 will be carried out asfollows.

Purpose Calibration of center elements of Bands 1 to 3n and 3b
Institute Airborne Tedtsite Frequency
U. of A. Helicopter White Sands Five times ?
JPL AVIRIS Lunar Lake etc. Once (Three test Site)?
GSJ Tsukuba, Nemuro
Saga U Ariake Bay
USGS/NAU
JPL MAS
CNR MIVIS
CSIRO Ocean north-west Tasmania
MISR
CNES
S. Dakota State
Canada
ESA

5.3.4. In-flight Cross-Calibration Activity

In-flight cross-cdlibration will provide a particularly sensitive way to monitor the caibration
change. The type of site required is one having constant spectra distribution, not necessarily
constant radiance. The moon and desert areas are good example of the type of site required.

Cross-cdibration will be conducted by severd groups. These cdibrations will be made
between instruments on the EOS-AM1 or other stable or wdll-cdibrated instrumentson other
platforms. The spectrd reflectance/radiance and the atmospheric characteristics of the sites used
need to be known if the measurements are made a different times from instruments on different
platforms.

Because of the ease with which cross-calibration can be made between instruments on the same
platform, it is anticipated that such comparisons may be carried out frequently. The results of
these cdibration are included with those in the "Vicarious Cdibration" box in Figure 5-8, 5-9
and 5-10. They will be combined with the on-board calibrator results according to the method
described in Section 5.4.

The cross-calibration with MODIS will be carried out as follows.

Ingtitute  JPL, GSJ, Saga U, U of A, U of Wisconsin (MODIS), CSIRO, MISR, CNES
S. Dakota State, Canada, ESA, etc.

Cross-cdibration wiht Landsat, Spot and AVNIR are aso planned
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5.4. Strategy for Radiometric Coefficient Generation
5.4.1. Two sets of Radiometric Calibration Coefficients

Note that there are two radiometric coefficients. Oneis used for level 1 processing. The other
is for the revised coefficients for higher accuracy. The former need to be determined as soon as
possible after the cdibrations because Level 1 Processing should be done within 48 hours
(TBR) from data acquisition. The basic plan is to use the prelaunch calibration data corrected
for the change in the on-board cdibration data which will, if necessary, be further corrected by
vicarious cdibration and inflight cross-cdibration dataz The latter coefficients will be
determined later considering for various cdibration data even with data taken after the image
acquisition in order to be more reliable and will be made public through newsletters, an internet
server and/or other means.

Figure 5-11 shows an idea of two sets of Radiometric Cdibration Coefficients, oneis for Leve
1 processing derived from OBC and prelaunch data, and the other is for notification of
Radiometric Cdibration Coefficients derived from not only OBC and prelaunch data but aso
Vicarious Calibration data and Inflight Cross-Calibraiotn data.

RCC
PRELAUNCH CAL DATA FOR LEVELT
PRELAUNCH CROSS-CAL DATA RCC / PROCESSING

ON-BOARD CAL DATA || GENARATION —

IN-FLIGHT CROSS-CAL DATA \

VICARIOUS CAL DATA WITH REVISED

CALIBRATION

CORRECTION FACTORS
FOR LEVEL 1 B DATA
LARGE DIFFERENCES
REPORTED BY NEWS LETTER
SMALL DIFFERENCES

REPORTED BY INTERNET SERVER
PREPARED EVERY HALF A YEAR

Figure 5-11 Two set of Radiometric Calibration Coefficients.

5.4.2. Review for ASTER Cal/Val

Freguency Twice ayear

Member Japanese coefficient review members, etc.

Language English

Purpose For reviewing the calibration coefficients for both used for Level 1
Processing and revised one.

Final Authority ASTER Team Leader will owe the final responsivity of the calibration

coefficients generation.
5.4.3. Basic Flow of Determination

Figure 5-12 shows an example for the trend of On-board Calibration Data, Vicarious
Cdibration Data and Cross cdibration Data. In every review, On-board Cdibration Data and
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prelaunch data together with trend anadysis are used for determination of Radiometric
Cdibration Coefficients for level 1 processing. If the On-Board Cdlibration Data shows more
than 4 % of difference and the output from VNIR, SWIR and TIR show the situation shown in
Figures 5-13, 5-14 and 5-15, Vicarious and Cross Cdibration Daa are included. Then
Updated Radiometric Cdibration Coefficients are determined. At this stage, a smooth curve is
determined and extraporate for the next review.

A CROSS-CAL DATA
RCC . O LI vicARIOUS CAL DATA
0 10 56 A O ON-BOARD LAMP CAL
OCop OA A
A OO0 A AN -
AN ®) JAN
JaN FAN AN O @)
A A O A O A
O
O O
INITIAL CHECK-OUT
: FIRST REVIEW SECOND REVIEW
: LAUNCH
98.6 98.11 99.3 Date
Figure5-12 A trend of On-Board, vicarious and Cross Calibration Data
VNIR OUT PUT
SHOWS MORE
THAN 4%
DIFFERENCE
MONITOR A
ANGE?
NO
MONITOR B
ANGE?2
YES
RADIOMETRIC CALIBRATION
COEFFICIENTS SHOULD BE RADIOMETRIC CALIBRATION
DETERMINED WITH | COEFFICIENTS SHOULD BE
PRELAUNCH AND ON-BOARD CHANGED WITH VICARIOUS
CALIBRATION DATA AND CROSS CALIBRATION DATA

Figure 5-13 Strategy for determination of Radiometric Calibration for VNIR
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SWIR OUT PUT
SHOWS MORE
THAN £4%
DIFFERENCE

YES

MONITOR A
- MNITOR B

LgYES

v + NO
RADIOMETRIC CALIBRATION
COEFFICIENTS SHOULD BE RADIOMETRIC CALIBRATION
DETERMINED WITH COEFFICIENTS SHOULD BE
PRELAUNCH AND ON-BOARD CHANGED WITH VICARIOUS
CALIBRATION DATA AND CROSS CALIBRATION DATA

Figure 5-14 Strategy for determination of Radiometric Calibration Coefficients for SWIR.

TIR OUT PUT
SHOWS CHANGE
MORE THAN
ABSOLUTE
CALIBRATION
ACCURACY

BLACK BODY
TEMPERATURE

NO

BAND DEPENDENCY?

Y
RADIOMETRIC CALIBRATION y
COEFFICIENTS SHOULD BE RADIOMETRIC CALIBRATION
DETERMINED WITH COEFFICIENTS SHOULD BE
PRELAUNCH AND ON-BOARD| | CHANGED WITH VICARIOUS
CALIBRATION DATA AND CROSS CALIBRATION DATA

Figure 5-15 Strategy for determination of Radiometric CalibrationCoefficientsfor TIR.
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5.4.4. Strategy under the discussion

For convenience we have used the following abbreviations:

A&E: activation and evauation (a period of between 3 and 6 months for system
check-out and establishing the initial in-flight calibration coefficients)

CC: Cross cdlibration (on orbit, between, say MODIS, MISR and Landsat-7,
which will be in close formation with the AM-1 platform)

OBC: on-board calibration or calibrator

PFC: pre-flight calibration

RCC: radiometric caibration coefficient

VC: vicarious calibration

OBC results done will be used in level 1B processing during the A&E phase. At the end of
that phase there will be a meeting between those involved with CC, OBC, PFC, and VC to
discuss the results and agree on the most accurate cdibration coefficients as a function of time
during the A& E phase. This agreement will be based on aweighted average of the results from
the various methods. The weightings will be decided at this meeting athough there will be
further discussions on this subject before launch and perhaps during the A&E phase as the
initia results become available.

The procedure to be followed for the processing of data following this review meeting is the
topic of intensive discussion. Two methods are presently being considered. The first makes
use of OBC data only for the production of Level-1B data, throughout the mission lifetime.
More accurate calibration data, derived from combining OBC data with CC and VC data, will
be made available to the user gpproximately every three months. The second method
determines a set of trend equations at the end of the A&E phase and uses this until the next
cdibration review. At thistime it may be necessary to derive a new set of equations for the
period from the start of the mission to the next review. Itis expected that, for a monotonicaly
changing sensor, convergence will soon be reached between the extrapolated and actud results.
Obviously the Levd-1 processing agorithm is more complicated in the second case under
consideration.

Items under the discussion are as follows.
*On-board Cdlibration Strategy
*Dark signal confirmation
*Confirmation that dark signals are in the normal range
*Comparison with the previous results
sLamp voltage confirmation
*Confirmation that lamp voltage is in the normal range
*Comparison with the previous results
*Photodiode monitor signal a lamp confirmation
*Confirmation that monitor signal isin the normal range
*Comparison with the previous results
*Photodiode monitor signal at optics confirmation
*Confirmation that monitor signal isin the normal range
*Comparison with the previous results
*Optica cdibration data
*Dark signal correction
*Confirmation that corrected optical calibration data are in the normal range
*Comparison with the previous results
*Comparison with redundant system
*Confirmation that difference is within allowance limit
*Average caculation
*New coefficient calculation
*Replace the coefficients in radio metric calibration data base to new data
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6. GRANULARIZATION

At the level 1 processing, the data shdl be “granularized” to the unit of one scene for the
convenience of further standard processing. The data shdl be divided into the scene every 60
km in the cross-track direction. As a product, one scene size shdl be 63 km including an
overlap of 5 % with neighboring scenes except for band 3B. For band 3B the scene size shall
be 69 km including an additiona overlap of 6 kmto compensate the terrain error contribution,
that is, 7.5 km overlap with the previous scene and 1.5 km overlap with the next scene. For
the dong-track direction, the overlap between two consecutive scenes are useful for the data
interpretation of large area.
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7. ALGORITHM EVALUATION

7.1. Generation of Simulation Data

Algorithm for band-to-band registration is an essentid part of level 1 processing, and this
agorithm should be carefully evauated. Current candidates of the algorithm should be
evauated, and, based on the selected adgorithm, operationa program should be computed
before the launch of ASTER. To evauate the candidate, misregistered ASTER simulation
images was produced. Since 1) intra-telescope misregistration of SWIR and 2) inter-telescope
misregistration between VNIR, SWIR and TIR aretwo critical problems for the band-to-band
registration, misregistered ASTER simulaion data set including the above-mentioned two
misregistration was produced. Considering the availability of airborne data, Cuprite, Nevada,
was selected as atarget area. To produce the data set, NASA/JPL’s AVIRIS datawere used for
VNIR and SWIR band data, and NASA/JPL’s TIMS data were used for TIR. Réation
between AVIRIS/TIMS and ASTER is shown in Table 7-1. Also, Digita Elevation Modé
(DEM) of 15 m dataintervad, which was digitized from existing 1/24000 topographic map, was
used to generate the shift caused by parallax.

Processing follows to generate the misregistered image are as follows

(2) to correct the AVIRIS and the TIMS data to coregistered topographicaly to the DEM data.

(2) to synthesize VNIR and SWIR bands ( bands 6 & 7) by summing up the AVIRIS bands,
(TIMS bands 2 & 5 are sdlected for ASTER bands 11 & 13, because of the limited spectra
bands of TIMYS)

(3) to simulate inter-telescope misregistration by shifting ASTER/VNIR and TIR data in cross
track direction, referring to DEM effect.

(4) to simulate intratelescope misregistration by shifting ASTER/SWIR in adong track
direction, using DEM data.

(5) to average SWIR data spatialy to changethe pixel sizeto 30 m, and TIR data, to 90 m,
respectively.

Theflow chartis shown in this Figure 7-1. Generated datais shown in Figure 7-2. As seen in
the Figure 7-2 correlation between VNIR and SWIR band seems to be high while correlation
between VNIR and TIR seems to be low or even negative. For SWIR, pardlax effect can be
easily confirmed by stereo viewing because of the high correlation. The data set created by the
above process was used to evauate the agorithm for band-to-band registration. The cuurent
data set has following limitations.

(1) TIMS is not thoroughly same as the ASTER/TIR band; so, AAS ( Airborne ASTER
Simulator) will be used in future, when the datais good enough for simulation.

(2) Pixdl number for cross track direction is limited, because of the limited pixel number of
arrborne data in the cross-track direction, In future, more complete data set should be
considered.

(3) Radiometric consideration was not done. So, the histogram doesn’t well simulate ASTER
data.

(4) Band number is aso limited. It is needed to check whether the current band selection is
best for matching.
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Table 7-1 Band and Wavelength of Simulation Images

ASTER Used Daa Mis-registration
Band WaE/SI r%wgth Band Wavelength (um)

VNIR 2 0.63-0.69 |[AVIRIS 26-31 0.63678-0.68653 | Inter-telescope
SWIR 6 | 2.185-2.225 [ AVIRIS 193-196 [ 2.19237-2.22215 | Inter-telescope
SWIR7 | 2.235-2.285 [ AVIRIS 197-202 [ 2.23207-2.28164 | Inter-telescope
TIR 11 | 8.475-8.825 | TIMS 2 8.6-9.0 | nter-telescope

TIR 13 10.25-10.95 | TIMS 5 10.2-11.2 Inter-telescope
AVIRIS. date=June 03, 1992, time=18:05 (UTC)
TIMS: date=September 01, 1990, time=11:30 (Loca Time)

AVIRIS FOR TIMS TOPOGRAPHI
VNIR & SWIR ORTR C MAP

(WAVELENGTH RANGI? MOSAIC OF 2

CORRECTION SCENES —

i
( REGISTRATION CORRECTION TO ‘)
TOPOGRAPHIC MAP

VNIR, SWIR
&TIR 15 mGRID

4 Y

( SIMULATION OF MIS-REGISTRATION )
INTER-TELESCOPES

TIR
90 m GRID

SIMULATION OF MIS-REGISTRATION
INTRA-TELESCOPE

SWIR
30 m GRID

Figure 7-1 Data Processing Flow of Simulation Images
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Mis-registrarionsimul ation images
Band 2
Band6, Band 7
Band 11, Band 13

Figure 7-2 Generated Simulation Data (Cuprite)
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7.2. TM and GEOSCAN Images for Algorithm Evaluation

In addition to the simulation image data described in previous section 7.2., severd Landsat TM
images and GEOSCAN airborne sensor images were used for the agorithm evauation of the
SWIR intra-telescope registration and the inter-telescope registration, dthough the spectra
regions of theseimages are not completely same as ASTER bands. Figure 7-3 shows the TM
band 7 images for the SWIR intra-telescope registration by the image matching. A cloud
pattern was artificialy superimposed on the TM origina images to simulate the cloud coverage.
Figure 7-4 shows the TM bands 3, 7 and 6 images for the inter-telescope registration by the
image matching.

(Death Valey TM#7)

Figure 7-3 TM band 7 Images for Evauation of SWIR Intra-tel scope resgistration Algorithm
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(Kanto TM#6) (Saudi TM#6)

Figure 7-4(a) TM bands Images for Evaluation of Inter-telscope resgistration Algorithm
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(Kazakhstan TM#6)

(Ion&si aTM#6)

Figure 7-4(b) TM bands Images for Evaluation of Inter-tel scope resgistration Algorithm

ASTER Level-1 ATBD(Ver.3.0) -88- November 1, 1996



(Yeilington TM#6) (Sierra TM#6)

Figure 7-4(c) TM bands Images for Evaluation of Inter-tel scope resgistration Algorithm
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Figure 7-5 shows the GEOSCAN airborne sensor images with an origina spatial resolution of
6 m. Theimage pixd size was changed to 30 m for SWIR/VNIR image matching and 90 m for
TIR/VNIR image matching.

Figure 7-5 GEOSCAN Images for Evaluation of Inter-telescope Registration Algorithm
(Tawpo)
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7.3. Algorithm Evaluation of SWIR Intra-telescope Registration

The agorithm used for SWIR intratelescope registration is a combination of the image
matching correlation method and the coarse DEM method. An evauation for the Ver.1
agorithm based on the previous ATBD version (Ver.2.1) was carried out by using simulation
images shown in Figures 7-2 and 7-3. These images are generated from the airborne sensors
and Landsat TM images. Mis-registration due to the paralax error was intentionaly introduced
to these images by using DEM data. The mis-registration was detected with the method of the
image matching technique every 21 x 21 pixel window and the results were compared with the
intentionally introduced val ues.

The coarse DEM data were used for the windows which were failed for the image matching.
The sub-pixel accuracy was obtained by the interpolation of the correlation factors.

The error distributions are shown in Figures 7-6, 7-7, 7-8 and 7-9 with the Gaussian curves
which were caculated from the measured o (RSS) values. The error distribution is roughly
coincide with the Gaussian curve which means that the error process is random except for the
case of the Honduras image. Figure 7-10 shows the error histogram. Judging from these
results the 99 % data are within 0.3 pixes for dl images, dthough the results are not satisfied
the requirement (0.2 pixels). A part of the error seems to be attributed to the method of the
combination of the image matching and the coarse DEM. This method will be improved for the
version-2 algorithm.
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Figure 7-6 SWIR Parallax Correction Error Distribution for Cuprite Image
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Figure 7-8 SWIR Parallax Correction Error Distribution for Death Valley Image
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7.4. Algorithm Evaluation of Inter-telescope Registration

The dgorithm used for the inter-telescope registration is the method using the image matching
corrdlation. An evauation for the Ver.1 adgorithm based on the previous ATBD version
(Ver.2.1) was carried out by using seven kinds of simulation images shown in Figures 7-4 and
7-5. These images are generated from Landsat TM images and the GEOSCAN images. TM
band 3 images correspond to ASTER band 2 were used as reference images for the
SWIR/VNIR and the TIR/VNIR inter-telescope registrations. TM bands 7 and 6 images were
used as representative images of SWIR and TIR bands, respectively.

Evduation results for the image matching between VNIR and SWIR bands are shown in
Figures 7-11 and 7-12. The error distributions are shown in Figure 7-11 with the Gaussian
curves which were calculated from the measured o values. A threshold value of 0.7 is adopted
for the corrdation coefficients. Datawhich deviate over 3o from the average are dso excluded.
The error distribution is roughly coincide with the Gaussian curve. The 30 accuracy was
caculated from the standard deviation (o) for the averaging. Figure 7-12 shows the accuracy
as afunction of the number of the samples. The accuracy decreases with the number of the
samples as afunction of N2,

Evduation results for the image matching between VNIR and TIR bands are shown in Figures
7-13 and 7-14. The error distributions are shown in Figure 7-13 with the Gaussian curves
which were caculated from the measured o vaues. The image matching quaity was evauated
as the same way as SWIR/VNIR case. The error distribution is roughly coincide with the
Gaussian curve. Figure 7-14 shows the results with the same feature as the SWIR/VNIR case.

Judging from these results a required accuracy of 0.3 pixels (30) for the inter-telescope
registration will be achievable by averaging a lot of the image matching data in the same
observation unit, if the boresight of each telescope is stable during a maximum observation time
of 16 minutes. A hundred datawill be enough for averaging to have agood accuracy and then
to satisfy arequired accuracy of 0.3 pixelsat 30.

These evaluation proved that the quality judgment function has an excellent effect for selection
of the high quality data.
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Figure 7-11(a) SWIR/VNIR Inter-telescope Registration Correction Error Distribution
(21x21 SWIR matching window size, Error for one image matching data)
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Figure 7-11(b) SWIR/VNIR Inter-telescope Registration Correction Error Distribution
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8. THEORETICAL BASIS OF ALGORITHMS

8.1. Band Selection for Image Matching

ASTER data have two mgor mis-registrations, 1) inter-telescope misregistration anong VNIR,
SWIR, and TIR bands, and 2) inter-telescope misregistration including the paralax error of
SWIR bands. In this chapter, background for band selection to be used for correction of intra
and inter-telescope mis-registration will be discussed. Theformer is caused mainly by parallax
and the latter is caused by lack of accuracy in the tel escope pointing mechanism.

Regarding the processing flow, inter-telescope registration within SWIR used correation and
registered SWIR and TIR data should be corrected using VNIR dataas areference. Data from
each of the different telescopes has different spatia resolution (VNIR : 15m, SWIR : 30m,
TIR : 90m) and different spectral characteristics. Those physica characteristics make inter-
telescope registration difficult. At present, matching between VNIR and SWIR can be done by
spatial corrdaion. However, corrdation between VNIR and TIR seems to be more
complicated. In some cases, matching by spatid correlation is possible, butin most cases the
correlation islow, and it can be negative.

The current plan is to find areas having good correlation and to select them to use for some
contiguous scenes which have no change in pointing. Other dternatives are dso being
investigated.

8.1.1. Band Selection of Intra-telescope Registration of SWIR

Band-to-band misregistration within a telescope of SWIR is caused by the difference of look
direction of the 6 SWIR bands. The two mgor causes of loca misregistration are the parallax
by different local dtitude and the attitude change of the spacecraft. At present, the former is
considered to be adominant factor of misregistration. So, matching calculation should be taken
with relatively smdl interva and caculation could be some burden for computer. As the
method of matching, conventiona spatia correlation method is being considered. Within the
SWIR region, the correlation between bands is generdly high, and matching agorithm does
work. Furthermore, correlation is higher, in most cases, for the two adjacent bands which are
spectraly close.

Then, problem is to determine which adjacent bands are the best. At first, the band 4 (1.6
micron band) may be excluded becauseit is spectraly far from the other 5 bands. The bands 8
and 9 may be rdatively noisy because of lower incident energy. Consequently, thereremain the
bands 5, 6 and 7.

On the other hand, in order to produce maximum parallax misregistration, the two bands
against which correlation caculation will be done, these bands should be placed at the two
extremities. And, as most frequent gpplication, ratio is taken between the bands 5 and 6
considering the significant absorption feature a the band 6, and consequently, thesetwo bands
are recommended in adjacent locations. As a result, the bands 6 and 7 are selected for the
caculation of correlaion and, by the current design, these two bands are located at the two
extremities.

8.1.2. Band Selection for Inter-telescope Registration
Inter-telescope misregistration is caused by the pointing inaccuracy of the three telescopes as
described previously. Since the reaive pointing direction of each telescope are stable,

matching will be needed within atime span of this stability. So, matching between two bands
from different telescopes will be needed at least two different locations over this time span. By
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the consideration of Level-1 processing, VNIR bands are selected as reference and, by current
design, matching between VNIR and SWIR and that between VNIR and TIR are considered.
SWIR bands have a problem of mis-registration within them, it is not appropriate as reference.

To select the bands for matching, TM bands are used for consideration. At the next step,
ASTER simulation data mentioned in the Section 7.1. will be used. The reation of the band
pass of ASTER with LANDSAT/TM is shown in the Table 8-1. Based on this table, image
correlation of LANDSAT/TM band 7 with bands 2,3 and 4 were caculated to infer the
correlation of ASTER SWIR band with VNIR bands 1,2 and 3. And, in the same manner,
image correlaion of LANDSAT/TM band 6 with other bands were caculated to infer the
correation of ASTER TIR bands with VNIR or SWIR bands. At this study, difference of the
pixel szewasignored. Used dataasfollows:

Landsat/TM D109-36 13MAR86  Nagoya and Biwa Lake, Japan
Landsat/TM D147-32 13JUL86  Tarim Basin, China
Landsat/TM D140-30 17JAN89  Turpan Basin, China

The size of calculated areais approximately from 100 x 100 pixelsto 200 x250 pixels. The
results are summarized in Tables 8-2 to 8-7.

Following conclusions were obtained by this study.

(a) Image correlation between LANDSAT/TM band 7 and VNIR bands are generadly good and
consequently, this method can be used for ASTER inter-telescope BBR for VNIR and
SWIR. The band 2 and the band 6 of ASTER can be used for the cdculation of image
correlation.

(b) Image corrdation between LANDSAT/TM band 6 and other VNIR and SWIR bands are
sometimes good and sometimes not good. In the no-good cases, correlation can bevery low
or can be even worse : negative. But, as mentioned above, it is not necessary to caculate
correation very often as the cases of intra-telescope caculation, so, the cases having good
corrdation can be sdected. However, it is possible that no good correlation can be
cdculated. For such possibilities, further study using other kinds of matching methods are
also under study. Examples are feature matching method and template matching method.

Table 8-1. Rdation between LANDSAT
-TM and ASTER Band

Landsat/TM | ASTER pum
2 1 0.52 - 0.60
3 2 0.63 - 0.69
4 3 0.76 - 0.86(TM : 0.90)
5 4 1.60 - 1.70(TM : 1.55- 1.75)
6 10-14(TIR)
7 5-9(SWIR)
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Table 8-2. Correlation Coefficients of TM Band 7 with TM Band 2, 3, and 4
(LANDSAT / TM D109-36 13MAR86 Nagoya/ Biwa L ake, Japan)

Description of the Area Band 2 Band 3 Band 4
a. Vegetation/ Mountains 0.71 0.77 0.46
b. Vegetation / Mountains/ Urban (Wide Areq) 0.86 0.89 0.20
c. Vegetation / Urban 0.67 0.73 0.17
d. Urban / River 0.80 0.92 0.91
e. Vegetation / Snow / Mountains 0.24 0.28 0.38
f. Urban / Vegetation / Mountains 0.82 0.84 0.63
g. Vegetation/ Plain 0.62 0.67 0.17
h. Harbor / Sea 0.94 0.97 0.97
i. Land/ Sea 0.92 0.95 0.95
a Lake 0.07 0.06 0.12
b. Land / Lake 0.84 0.89 0.91
c. Snow / Mountains -0.13 -0.11 -0.04
d. Vegetation / Mountains 0.78 0.83 0.56
e. Mountains/ Urban 0.90 0.91 -0.24
f. Urban 0.53 0.54 0.56
g. Mountains/ Lake 0.85 0.91 0.83

Table 8-3 Correlation Coefficients of TM Band 7 with TM Band 2, 3, and 4
(LANDSAT /TM D147-32 13JUL 86 Tarim Basin, China)

Description of the Area Band 2 Band 3 Band 4
a. Arid Area (No-Vegetation) 0.79 0.80 0.82
Carbonate Rock
Mountains
b. Arid Area (No-V egetation) 0.87 0.92 0.92
Sandstone
Mountains
c. Arid Area(No-Vegetation) 0.90 0.91 0.89
Fan
d. Arid Area(No-Vegetation) 0.93 0.93 0.86
Carbonate Rock
Mountains
e. Vegetaion 0.84 0.83 -0.19
f. Arid Area (No-V egetation) 0.91 0.92 0.86
Mountains
g. Arid Area (No-Vegetation) 0.79 0.80 0.81
Fan
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Table8-4 Correlation Coefficients of TM Band 7 with TM Band 2, 3, and 4
(LANDSAT / TM D140-30 17JAN89 Turpan Basin, China)

Description of the Area Band 2 Band 3 Band 4
a. Dune 0.87 0.93 0.94
b. Desert 0.05 0.16 0.37
c. Arid Area 0.75 0.80 0.84
d. (Cirrus) Cloud / Desert 0.61 0.66 0.70
e. Snow / Mountains -0.17 -0.08 0.01
f. Desert 0.82 0.86 0.88

Table 8-5 Correction Coefficients of TM Band 6 with Other Bands
(LANDSAT / TM D109-36 13MARS86 Nagoya/ Biwa Lake, Japan)

Area Band 1 |Band 2[ Band 3| Band 4 Band 5| Varian| Band 7
ce

a. Vegetation 034 | 043 ] 042 | 0.37 | 064 | 31.8 | 0.62

Mountains

b. Vegetation 069 | 067 | 0.69 | 0.O5| 0.72 | 54.8 | 0.78

Mountains

Urban (Wide Area)

c. Vegetation 035 | 0.32 | 0.35 [ -0.12| 0.44 | 9.8 0.55

Urban

d. Urban 055 | 057 | 0.77 | 0.87 | 0.87 | 96.0 | 0.85

River

e. Vegetation -0.61 | -0.57| -0.56 | -0.36| 0.40 | 33.8 | 0.16

Snow

Mountains

f. Urban 075 | 0.79 | 0.82 | 057 | 081 | 49.1| 0.83

Vegetation

Mountains

g. Vegetation 022 | 0.20| 022 | 0.14| 0.22 | 5.3 0.18

Plain

h. Harbor 0.83 | 0.89 | 0.93 | 0.95 | 0.95 | 120.6| 0.96

Sea

i. Reclamation of Land 051 | 055 062 | 0.70 | 069 | 91.0 | 0.66
Sea

a Lake 0.03 | 0.02] 0.01 [ 0.02 | 0.03 | 0.5 0.02

b. Land 079 | 085 092 | 094 | 091 | 70.7 | 0.88
Lake

c. Snow -0.48 | -0.49| -0.47 | -0.40| 0.48 | 10.1| 0.44
Mountains

d. Vegetation 043 | 053 | 052 | 0.66 | 0.67 | 16.8 | 0.60
Mountains

e.Mountains 0.84 | 0.83 | 0.84 | -0.34| 062 | 28.7 | 0.81
Urban

f. Urban 0.05 | 0.02| 0.03 | 0.03 | 0.08 | 11.1| o0.06

g Mountains 054 | 079 | 0.85 | 0.81 | 091 | 58.8 | 0.91
Lake
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Table 8-6 Correction Coefficients of TM Band 6 with Other Bands
(LANDSAT /TM D147-32 13JUL 86 Tarim Basin, China)
Description of the Area Band 1| Band 2[ Band 3| Band 4 Band 5| Variance| Band 7
aArid Area (No-V egetation) 0.30 | 0.28| 0.25 | 0.17 | 0.20 79.8 0.27
Carbonate Rock
Mountains
b.Arid Area (No-V egetation) -0.21 | -0.20| -0.12| -0.10| -0.214| 28.3 | -0.08
andstone
Mountains
c. Arid Area (No-V egetation) -0.19 | -0.18| -0.16| -0.17| -0.11 23.1 | -0.12
Fan
d. Arid Area (No-V egetation) 0.64 | 066 | 0.65 | 0.70 | 0.70 | 184.9 | 0.69
Carbonate Rock

Mountains

e. Vegetation 0.38 [ 0.39 | 0.39 | -0.15| 0.36 29.6 0.41
f. Arid Area(No-Vegetation) 0.75 | 0.74 | 0.75 | 0.57 | 0.66 185.6 | 0.71
Mountains

g. Arid Area (No-Vegetation) 0.38 | 0.41 | 0.42 | 0.46 | 0.45 15.9 0.47
Fan

Table 8-7. Correction Coefficients of TM Band 6 with Other Bands
(LANDSAT /TM D140-30 17JANS89 Turpan Basin, China

Description of the Area | Band 1| Band 2| Band 3| Band 4| Band 5| Variance] Band 7
a. Dune 056 | 0.76 | 0.80 | 0.80 | 0.80 | 61.0 0.81
b. Desert -0.33 | -0.38| -0.34 | -0.19 | 0.07 0.9 0.19
c. Arid Area 034 | 049 | 056 | 0.60 | 049 | 494 0.53
d. (Cirrus) Cloud / Desart | -0.12 | -0.12 | -0.16 | -0.14 | -0.05 1.0 0.06
e. Snow / Mountains -0.28 | -0.16| -0.08 | 0.01 | 0.77 | 80.3 0.77
f. Desert 041 | 036 | 0.35 | 0.35 | 0.45 4.8 0.50
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8.2. Theoretical Basis of Geometric System Correction
The geometric system correction is divided into several parts as follows:

(1) The pointing correction

(2) The coordinates transformation from Navigation Base Reference of the spacecraft to the
Orbital Reference Frame

(3) The coordinates transformation from the Orbita Reference Coordinate Frame to the Earth
Inertial coordinate Frame

(4) The coordinates transformation from the Earth Inertid Coordinate Frame to the Earth
Greenwich Coordinate Frame

(5) Identification of a cross-point between the earth surface and an extended line of the
vector

8.2.1. Basic Relation

The coordinates rotation is a basic coordinate frame transformation function. When the
coordinates are transformed from the Coordinates 1 to the Coordinates 2 with the rotations for
X, Y, zby theangles of 6,,6, and 6, ,. the expression of the vector P in the Coordinates 1 is
transformed to the Coordi| nateﬁ 2 as follows.

X, X
Yo | = FFyFe | V1 (8.2-1)
Z Z

where X, Y,, Z, : X,y and z components of the vector P in the Coordinates 1, respectively,
X5 Yo, Z, : , Y and z components of the vector P in the Coordinates 2, respectively,

0
cos 8, sing (8.2-2)
-sin 6, cos 6, |
cos q, 0 -sng,
0 (8.2-3)
sn By 0 cos8 |

cosgd, sné O
Fz= | sn@, cosg, 0 (8.2-4)

0 0 1

In the orbit x, y and z axes correspond to the roll, the pitch and the yaw axes, respectively.
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8.2.2. Pointing Correction

Theline of sight vector changes with the rotation for the pointing axis by an angle of 3 from S,
to S asfollows.

S 1 0 0 Sox
Sy| =M1l 0 cosB -snf | M |Sy (8.2-5)
S, 0O snfB cosp Sz
where
Sow Soyr Sy, 1 X, Y, Zcomponents of the line of sight vector S, befor pointing,
S, S, : X, 'y, X components of the line of sight vector S after pointing,
cos anw sin 9yaw cos Gpitch 0 -sin Bpitch
M=1-sin 6yaw cos 6g/aw 0 1 0 (8.2-6)
1 sin epitch 0 cos Bpitch

M-1= _0 1 0 SiN By COS By O (8.2-7)
-SiN Bitch 0 €S Bhiteh 0 0 1

Dq,,, = sin'(P,) , (8.2-8)
quitch = _tm_l(Pz /Px) ) (82'9)

P. P, P,:X, Yy, Zcomponets of the pointing axes unit vector in the NBR Coordinate
Frame.

Figure 8-1 shows the relation between the pointing axis and the NBR Coordinate Frame. The
angles Dg,,,, and Dg,;,, are the yaw and the pitch rotation angles, respectively, to codign the
Xyer 10 the pointing axis.

A ZNBR
YNBR ABpitch = -tan (P, IP,)

Pointing Axis Unit Vector
____________ ," Pax
__________________ "~ Perpendicular line
""""" 7y Ot ; from Pax to XNBRZNBR
---- . ; plane

i >
l XNBR

Figure8-1 Pointing AxisVector in NBR Coordinate Frame
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8.2.3. Spacecraft NBR to Orbit Reference Frame

The line of sight vectors in the Spacecraft NBR Coordinate Frame can be converted to the

expression in the Orbitd Reference Frame using the dtitude angle data in the spacecraft
ancillary dataas follows.

SOR = I:SO-yaw I:So-pitch I:So-roll S ' (82'10)

where S :  theline of sight vector expressed in the NBR Coordinate Frame,
Sor: theline of sight vector expressed in the Orbit Reference Coordinate Frame,

1 0 0
Fsowroll = | O cOS(-Orq) SN (-Orqyr) (8.2-11)
0 -sin(-arq) cos(-Oroir)

cos (-apitch) O -SiN (-Opitch)
Fsoepitch = 0 1 0 (8.2-12)

| sin (-Qpitch) O €os (-Apjtch)

[ cos (-a yaw) sin ('ayaw) 0

Feowaw = | -sin(-ayay) COS(-Oyay) O (8.2-13)
0 0 1

a a

roll?

sitch+ Oyaw  TOI, pitch, yaw components of the attitude data, respectively,
in the spacecraft ancillary data

8.2.4. Orbital Reference Frame to Earth Inertial Frame

The line of sight vectors in the Orbitd Reference Coordinate Frame can be converted to the
expression in the Earth Inertial Coordinate Frame as follows.

Sg, = Fg Sors (8.2-14)

where S : theline of sight vector expressed in the Orbit Reference Coordinate Frame,
Sg, 1 theline of sight vector expressed in the Eartt Inertid Coordinate Frame,

Fo =(T,T,T,), (8.2-15)

T, T, T, :unit vector components of X, y and z axes of the Orbital Coordinate Frame
expressed in the Earth Inertid Coordinate Frame and defined as

T,=T, xT,
T,=unit(-R xV) (8.2-16)
T,=unit(-R)

R,V :the spacecraft position and velocity vectors expressed in the Earth Inertial Frame

ASTER Level-1 ATBD(Ver.3.0) -106- November 1, 1996



For more accurate calculation the Precession matrix P and the Nutation matrix N shal be
applied to the line of sight vector S;, in the Earth Inertial Coordinate Frame.

8.2.5. Earth Inertial Frame to Earth Fixed Frame

The line of sight vectors in the Earth Inertid Coordinate Frame can be converted to the
expression in the Earth Fixed Coordinate Frame as follows.

Ser= Fie Sei (8.2-17)

where S, : thelineof sight vector expressed in the Eartt Inertial Coordinate Frame,
S¢q : theline of sight vector expressed in the Eartt Fixed Coordinate Frame,

cos 69 sin Bg 0
FlE= | -s ngy cosfy O (8.2-18)
0 0 1

6, : Greenwich true sidereal hour angle.
8.2.6. ldentification of Observing Earth Surface

The observing earth surface can be identified calculating the crossing point between the
extension line of the LOS vector and the earth surface. The extension line of the LOS vector
can be expressed as follows.

X=X+ Sg, I
y=Y+Sg, 1 (8.2-19)
z=7+ S, r

where Sz, Sz, s Sg., 1 X, Y, Zcomponents of the LOS vector Sg; in the Earth
Fixed Coordinate Frame,
X, Y, Z:x,y, zcomponents of the Spacecraft position vector in the Earth
Fixed Coordinate Frame
r : parameter.

The earth surface can be expressed as follows.

(x2+y?az+z3b*=1, (8.2-20)
where
a =6378137m (earth radius a equator--WGS-84),
b=a(l-f) (eathradiusat pole----WGS-84), (8.2-21)
f =1/298.2572 .

The crossing point can be caculated from egs.(8.2-19) and (8.2-20). When the observing

point is expressed as P, P, and P, , the geocentric latitude g and the longitude A can be
expressed as follows.

Y =tan{P,/[(P? + P)"3, (8.2-22)
A = tan’(P, /P, ) . (8.2-23)
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8.2.7. Panoramic Correction

As mentioned above, the atitude of the sensor (or the distance between the earth surface and
the sensor) has some geometric impact to the data, This dtitude changes predominantly by
following three factors.

1) Change of the spacecraft orbit :
Nomina mgor axis of the spacecraft orbit is 7078 km as shown in the table 2-1. This gives
an dtitude of 700 km at the equator, assuming the WGS 84 Earth parameter : Considering

the small flattening factor f of the orbit (1/f = 1.389 x 106 ), the radius of the orbit may
change only slightly. So, the radius can be considered constant for few cycles. However,

long term change of the radius may occur so that the change is of magnitude of 11km.
2)Change of the earth radius

By the WGS 84(World Geodetic System 84), the earth mgor axis ais 6378.137km and 1/f

(f: flattening factor ) = 298.25723563 ( the earth minor axis b is 6356.752 km) So, if the
orbit of the spacecraft is close to a circle, the distance from the dlipsoid changes with
magnitude of 21 km .

3) Topographic change.
Since the geoid height ,which is the distance between the mean sealevel and the  earth
élipsoid, is of order of 20 - 30 meters a most, it can be negligible. However, the
topography may change from O meter to 9000 m, and there is an influence to the atitude.
Currently, a coarse DEM ( Digita Elevation Model ) which has a spatia resolution
corresponding to one scene is considered to be needed.

Getting these parameters, panoramic effect can be considered. The swath Lt and pixe size
changein cross track direction. L¢t isgiven by

Lag =R[arcsan{ (R+H)/Rsin(q +Dq) }-arcsin { (R+H)/Rsin(g -Dq) }-2Dq)]
where
R : radiusfor locd curvature of the earth
H : dtitude of the spacecraft
g: look direction angle of the central pixel
Dq: look direction angle difference of the edge pixel from the direction g

8.2.8. Correction for Earth Rotation

In addition to the panoramic correction, the earth rotation gives rise to skew effect. The skew
angle F ecan be calculated by

tan F e= {wgws sin (acoswst )} /(1+wg/ws cos a)

where
we angular velocity of the earth rotation
ws: angular velocity of the spacecraft
a orbit inclination angle
t : time spent from the equator

The skew angle makes the spacecraft track on the earth surface deviate from the perpendicular
direction to the cross track direction. The skew angle has its maximum vaue of 3.85 degree at
the equator and becomes zero at the high latitude point.

8.2.9. Map Projection
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Although map projection is a geometric transformation rather than correction, earth surface
datawhich is apart of the sphere cannot be projected on a two dimensiona plane without map
projection.

Considering the scae of the ASTER data to be 1/100,000 ~ 1/250,000, UTM (Universd
Transverse Mercator) is the most common map cylindrica map projection, the earth surface is
divided into 60 Mercator Zone having 6 degree longitude width. There will be some data
encompassing two UTM Zones. In such case, one of the UTM Zone should be extended to the
other . As adisadvantage of the UTM to theleve 1 processing is that the two adjacent scenes
located at the border of the two UTM zones cannot be mosaiced easily, while, in the case of
SOM (Space Obliqgue Mercator), this continuity is guaranteed. However as a standard map
projection, SOM is not of generad use. Further more, conversion factor will be able to
calculated so that the data can be projective by SOM, starting form level-1A data.

On the other hand at the high latitude regions, eech UTM zone becomes narrow. So,
dternative map projection should be considered. Currently, LCC (Lambert Conforma Conic)
projection is being considered.

8.3 Theoretical Basis of Radiometric Correction
8.3.1 VNIR Radiometric Coefficients Correction

VNIR observes spectrd reflectance characteristics of the ground cover targets with the solar
irradiance through the atmospheric influences due to scatterings and absorptions. The input
radiance L is converted into the output voltage as follows.

V;=GA,L;+Dy ., (8.3-1)
where the subscripts i and j denote the band number and the pixel number, respectively. The

vaues A ; and B ; are the sensitivity and the offset of each detector, respectlvely Thevaue G,
isthegai n factor. The notation D .c meansthat the offset depends on the gain settings.

The input radiance for each pixel can be cdculated from the output voltage as follows.

L =Ay V; /G + Dy (8.3-2)
where

Ay, = VA, (8.3-3)

Dy . = -Diije /(ALij G) . (8.3-4)

The detector temperature dependence of the sensitivity and the offset can be expressed with a
good accuracy as follows.

AL = AL {1+ 8(AToe/ Toero)} (8.3-5)
Diij o= Dioijee {1 + Bj(AT et/ Toero) } (8.3-6)
where

Ty - the detector temperature
Toero - the reference detector temperature

ATDEFO = TDEr - TDEro .
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The vaues A ;; and D, . ae A and D, a Tper = Ty , respectively. The temperature
coefficients a, "and b; can be evauaed by the prefllght subsystem test and will be used
throughout al'mission life period.

Using the relation of Egs.(8.3-5) and (8.3-6), Egs.((8.3-3) and (8.3-4) become
Ay =Ap {1+ aj(ATDEl'/TDEI'O)}-l (8.3-7)
Dyic = Duije{ 1+ aj(ATDET/TDETO)}-l{ 1+ b;(AT el Togro)} - (8.3-8)

When the detector temperature difference from the reference temperature is very smal,
Eqgs.(8.3-7) and (8.3-8) can be approximated by afollowing linear dependence.

Avi = Avij {1+ Qj(ATDET/TDETo)} (8.3-9)

Dyjc = Dygijel 1+ 0j(ATper/Toero)} (8.3-10)
where

Cu = -aj

d;=-a+D; .

The vaues A, and D, can be evauated by the cdibration activity and the dark target
observation data inthe prefl ight and the flight periods.

The parameters A, Dy G5 0 and Tpep, ae accommodated in the radiometric correction
data basefile. The coefficients Ay;» Dy arecorrected using Egs. (8.3-9) and (8.3-10) by the
detector temperature in the supplement data a each observation and will be appended in the
Level-1A data products as the radiometric coefficients of each detector.

The temperature dependence factors ¢; and d; are assumed to depend on each pixel even in the
sameband. However, there is some pOSSI blhty to have a same vauefor the sameband. The
final decision on the detector dependence will be made after PFM subsystem test.

8.3.2 SWIR Radiometric Coefficients Correction

SWIR observes spectrd reflectance and high temperature therma radiation characteristics of the
ground cover targets. Theinput radiance L is converted into the output voltage as follows.

V,=GA,L,+D, ¢, (8.3-11)

Lij —ij

where the subscripts i and j denote the band number and the pixel number, respectively. The
vaues A ; and B ; are the sensitivity and the offset of each detector, respectlvely Thevaue G,
isthegai n factor. The notation D .c meansthat the offset depends on the gain settings.

The input radiance for each pixel can be calculated from the output Voltage as follows.

Li=Ay VY, /G +D,, (8.3-12)
where
Ay, = VA, (8.3-13)
D\Aj G = _DLij-G /(ALij G) . (8.3-14)

The sensitivity depends on the detector temperature and its dependence can be expressed with a
linear relation asfollows.
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ALj = Ay {1+ 8(AT e/ Toen) } - (8.3-15)

While the offset depends on both the detector temperature and the dewar temperature. The
detector temperature dependence is gpproximated up to the second order term of the temperature
change when the temperature range is within 77K + 3K range, dthough it is basicaly
exponentid. The dewar temperature dependence can be approximated with a linear relation.
The total offset can be expressed asfollows.

DLij-G = DLOij-G {1+ blij(ATDET/T DETO) + b2ij(ATDET/T DETO)2 + b3ij(ATDEV\/T DEWO)} ,(8.3-16)

where
Toer - the detector temperature
Toero - the reference detector temperature
ATDETE TDET - TDETO
Toew - the dewar temperature
Toeno - the reference dewar temperature

ATDEWE TDEW - TDEWD .
ThevauesA ; and D ;. ae A ;;and D . & Tper = Tpero and Ty, = Togpe, respectively.

By using therelation of Egs.(8.3-15) and (8.3-16), Eqgs.((8.3-13) and (8.3-14) become

Avi = A {1+ arj(ATDEr/T oET0)} (8.3-17)
D\nj-G = VOij-G'{ 1+ aj(ATDEI'/TDEl'O)}_l{ 1+ blij(ATDEI'/TDEl'O)
+ b2ij (ATDEF/TDEFO)Z + b3ij(ATDEV\/TDE\NO)} . (8-3'18)

Thevaues A and Dy cae A and Dy aToer = Togrg and Togy = Ty, respectively. The
temperature coeffluentsa by, b2| ) and b b,; can be evaluated by the preflight subsystem test
and will be used throughout all mission life] perlod When the temperature change is smdll, Egs
(8.3-17) and (8.3-18) can be approximated by the following equations.

A = Awij {1+ 6(AT o/ Toer)} (8.3-19)
D\ﬂi-G = VOij-G{ 1+ dlij(ATDET/TDETO) + d2ij(ATDET/TDETO)2 + d3ij(ATDE\/\/TDE\No)} ,(8-3'20)
where
= -3,
dl., g + by
dy; = by
d3ij = b3ij :

The vaues A, and D, Can be evaluaed by the cdibration activity and the dark target
observation datain the prefflght and the flight periods.

radiometric correction daa base file. The codificients A vjand Dy, are corrected using Egs.

(8.3-17) and (8.3-18) by the detector temperature and the dewar temperature in the supplement
dataat each observation and will be gppended in the Level-1A data products as the radiometric
coefficients of each detector.

The parameters Ay, Dygijgs G 5 Oy 5 Oy s Gy s Tpere @nd Tpg,,, are accommodated in the
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The temperature dependence factors ¢, , d ,;;, d,; and d; are assumed to depend on each pixel
even in the sameband. However, there is some pOsSSi b|JI|ty to have a same vauefor the same
band. Thefina decision on the detector dependence will be made after PFM subsystem test.

8.3.3 TIR Radiometric Coefficients Correction

TIR observes therma radiation of the ground cover targets through the amospheric
absorptions. Not only direct emission from the targets but aso the emission from the
atmospheric molecule and the reflected sky radiance at the ground are included in the input
radiance.

Input radiance L in front of the optics of the TIR system can be evduated from output voltage
by the following second order non-linear equation.

L, = AyV, + Cy V2 + D, (8.3-21)

where the subscripts i and j denote the band number and the pixel number, respectively. The
vaues A, , C; and D are the linear sensitivity, non-linear sensitivity and the offset of each
detector, r&pec{lvely

The linear and non-linear sensitivities depend on the detector temperature with linear relations as
follows.

Avi = Awii {1+ Clij(ATDET/T oET0)} (8.3-22)
Cuij = Cuoij {1+ (AT o/ Toero) } - (8.3-23)

While the offset depends on the telescope, the chopper and the lens temperatures. When the
temperature change is a few degrees around a normal operating temperature of 300 K. The
temperature dependence is approximated with alinear relation asfollows.

D\Aj = DVOij{ 1+ dij(ATTEL/TTELO) + gij(ATCHP/TCHPO) + hij(ATLNS/TLNS))} , (8.3-24)

where
Toer - the detector temperature
Toero - the reference detector temperature
ATDETE TDEI' - TDETO
T, : the telescope temperature
T1eL0: the reference telescope temperature
ATTEL = TTEL - TTELO
T : the chopper temperature
T o the reference chopper temperature
ATCHP = TCHP - TCHPO
T, s : thelens temperature
T, vo: thereference lens temperature

ATLSN = TLNS - TLNso :

Thevaues A, Dy and Cy; are Ay, Dy and C; at = Toero » Tt = Trmor Tenr = Tenpo
and T s = T ns respectively, 'and can be evaluaed W|th the variable temperature bl ackbody In
the preflight test period. The variable temperature range is from 100 K to 370 K. The least
square method may be used to caculate these parameters from severd measurement values.
The input radiance of the blackbody can be cdculated by Plank's law as functions of the
wavelength and the blackbody temperature as follows.
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C, 1

L(A;, Tgg) = 5 (8.3-25)
i exp ( -1
AiTeg
where
A the wavelength
: the bl ackbod}/ temperature

C 3.7415 x 10" (W cm?pm®)
C, = 1.4388 x 10° (LMK) .

The wavelength A, can be represented by the center wavelength of each spectral band with a
small error as shown in Figure 8-1 later. Thetemperature coefficients c,;, c,; , d;, g; and h,
can dso be evaluated in the preflight test period. These temperature coefficients and non-linear
sengitivity coefficient will be used throughout al mission life.

The linear sensitivity coefficient A,; and the offset D,; can be evauated by the regular long term
cdibration activity even in thefllght period and will berevised if necessary. For thelong term
in-flight cdibration activity the on-board blackbody temperature will be varied from 270 K to
340 K. The least square method may be used to cadculate these parameters from severd
measurement val ues.

The offset vaues D, will be evauated more frequently every observation & a on-board
blackbody temperature of 270 K. This cdibration activity is cdled the short term cdibration.
In the case that the offset data based on the short term cdlibration is available, only two
sensitivity coefficients will be corrected by using Egs. (8.3-22) and (8.3-23) for each
observation.

In the case that the offset data based on the short term cdibration is not available, the offset
values D; will be evaluated from the previous long term cdibration data using Eq. (8.3-24).

The Vdu% AVOIJ ! CVOI ' Cll] ' CZlJ ' " ' gl ' hl ’TDEFO’ TTELO’ TCHPO’ md TLNSO ae
accommodated In the rajlometnc correction data base file. The coefficients Ay » Cy; and Dy,
are corrected using Egs. (8.3-22), (8.3-23) and (8.3-24) depending on the temperatura of
some components mentioned above at each observation and will be gpopended in the Levd-1A
data products as the radiometric coefficients of each detector.

The temperature dependence factors are assumed to depend on each pixd in the same band.
However, there is some possibility to have a same vaue for each detector in the same band.
The fina decision on the detector dependence will be made after PFM subsystem test.

When the radiance is caculated from the blackbody temperature by arepresentative vaue at the
center wavelength of each band, the calculation error is expressed as

WA, Tep)AA;
E. = » ) (8. 3-:
WA, Tgg)dA,
i1
where
i: Band number

Dl 5 A, -1,,(Band width)
l,,: Lower band edge
l.,: Upper band edge
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l..: Center wavelength
Tgs 1 Blackbody temperature .

Figure 8-1 show the calculation error for each band as a function of the temperature. The error
isvery small.
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Figure 8-1 Calculation Error from Temperature to Radiance for
Approximation at Center Wavelength of Each Band

8.3.4. Radiance Conversion Coefficients

The radiance values of the Level-1 product shall be converted to 8 bits digital numbers for the
VNIR and the SWIR bands, and 16 bits digital numbers for the TIR bands as follows.

Lon =L (L /G)), (8.3-27)

whereL,; isthe DN vauefor L; which corresponds to the radiance of band i and pixel j . The
conversion coefficient L,; is the radiance of unit DN for the band i in the norma gain. The
radiance conversion coefficients for the gain other than the norma gain can be obtained by L,
IG,.

The conversion coefficient for each band shal be defined as a common vaue throughout the
mission life such that the specified maximum input radiance corresponds to 256 DN (8 bits) for
VNIR and SWIR, and 4096 DN (12 hits) for TIR. The specified maximum input radiance for
each band is described in Section 2.2.3.

8.3.5. TIR DC Clamp Correction

The DC clamp correction shall be carried out subtracting the correction value AV, ; from the
image data DN value. The correction value AV, ; can be caculated as follows.
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AVioneii = Yonewi = Vero Vai s (8.3-28)

where
V0 : the DC Clamp voltage for the band i which correspond to-1.4 V for
the bands 10-12 and -0.9 V for the bands 13 and 14
Vonewj - the average output DN value for theij detector when the chopper
plate is observed by the detectors every scan
V,, : the voltage of unit DN for theband i .

8.3.6. TIR Chopper Temperature Drift Correction

The chopper temperature of TIR may dightly change during an observation period which is 16
minutes in the maximum case. This correction shall be carried out subtracting the correction
vaue AV, from theimage data DN value. The correction value AV, ,; Can be calculated
asfollows.

AVonerpi = fonij ATewp (8.3-29)

where

ATCHP = TCHP - TCHP-S
T - the chopper temperature for each scan
Tenpes - the chopper temperature in the short term calibration period for each scan

fon; - theoutput DN change of ij detector for the unit AT, which can be
evaluated during the preflight test.
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9. ASSUMPTIONS AND LIMITATIONS

9.1. Assumptions

(2) It is assumed that the pointing stability of the spacecraft meets requirements shown in Table
2-3.

(2) It is assumed that the jitter and stability meet requirements shown in Table 2-16.

(3) It is assumed that the accuracy of detector configuration meets specification shown in Table
2-15.

(4) It is assumed that the pointing stability meet specification shown in Table 2-18.

(5) It is assumed that the boresight-to-boresight stability due to the spacecraft deformation is
smaller than 0.3 pixels of coarser pixels, though it is not required and specified.

(6) It is assumed that the input radiance for TIR can be expressed by offset, linear and square
terms of output signal.

9.2. Limitations

(1) SWIR pardlax correction is carried out only for scenes with smaler cloud coverage than
some threshold value.

(2) SWIR paralax correction is carried out only on average of 21 by 21 pixels.
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