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AVNIR-2 instruments onboard ALOS (JAXA)
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e ALOS was launched on Jan 24th, 2006

— Onboard a JAXA H-1IA launcher
— The planned operational lifetime is 3 years
— ALOS follows the Japanese Earth Resources Satellite-1 (JERS-1) and the Advanced Earth

Observing Satellite (ADEOS)

ALOS Orbit and Coveravge Details
Launch “ehicle: H-11A Faocket
Launch Site: Tanegashima Space Center, Japan
oatellite Mass: A000k g at lift-off
Generated Fower: £ kWY at EQL
Design Life: Jto 5 years
Cirhit: sun-=ynchronous Sub-Recurrent
Fepeat Cycle: 46 days, Sub Cycle: 2 days
Altitude: bY1.b5 km at equator
Inclination angle: H5.16b degrees

GAEL Consultant SIS
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e ALOS carries three sensors

— Advanced Visible and Near Infrared Radiometer type-2 (AVNIR-2)
— Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM)
— Phased Array Type L-band Synthetic Aperture Radar (PALSAR)

GAEL Consultant e
£ hitp:fiwvww.gael.fr .
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ALOS optical payload data quality assessment done
along three lines:

1. Radiometry

2. Geometry

3. Image quality

GAEL Consultant e
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 Phase A Phase A is dedicated to a quick assessment of product quality and aims at mainly
providing qualitative results.

To validate the assessment tools,
To demonstrate that ALOS mission operates nominally
To check that ESA / ALOS PRISM and AVNIR-2 processing chain is working as expected

e Phase B Detailed assessment
Geometry control and the evaluation of inner geometry consistency for the three PRISM cameras
Geometry control and the checking PRISM stereoscopic capability

Image quality and the MTF characterization, the Signal to Noise Ratio determination and the
assessment of the JPEG compression.

* Phase C encompass sensor inter comparison and vicarious calibration activities. In addition, the
validation of digital elevation model extracted from PRISM data will be done as well.

At the end of phase C, the consolidated calibration/validation report will reflect ESA contribution to the
characterization of the PRISM / AVNIR-2 instrument and data.

GAEL Consultant
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PRISM Radiometric Accuracy
Level 1B2 Relative: 0.4% (10)
Absolute: 4.6% (10)

Ortho-rectified
1mage
Digital Surface
Model
Relative/Absolute

Geometric Accuracy (RMS)
|Pixel(CT)ILine(AT)INorm

NADIRI 65m | 73m 198 m
FOR | 80m | 147 ml16.7 m

BACK| 74m | 16.6 mI18.1 m
5.0m (10)

For nadir image

Vertical: 5.0m (10)
(No obstacle area 5.0m (LE90))

Horizontal: 2.5m (10)

with PPDS and Relative/Absolute orientation

GAEL Consultant
http JAwvww. gael. fr
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AVNIR-2 Radiometric Accuracy Geometric Accuracy (RMS)
Level 1B2 Relative:
|Pixel(CT)ILine(AT)INorm
Relative: 0.4% (10) | 4m | 4m |6m
Absolute: Absolute:
-Band 1 :3.8% (10) i
_Band 2 4.6% (10 For all pointing
-Band 32.2% (10 : :
‘Band 4 15.6% (10)* [Pixel(CT)ILine(AT)INorm
*Atmospheric influence as much as 50%. | 106 m | 19m | 108 m
Ortho-rectified 10m (10)
image at Odeg. of pointing angle

GAEL Consultant
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AVNIR-2 radiometric quality assessment was carried out over a
single site: the Libyan desert.

*AVNIR-2 data were compared to PRISM,
*AVNIR-2 radiometric calibration monitored (30 acquisitions)
*AVNIR-2 radiometric calibration were compared with the ones of

LLandsat TM and MERIS.

GAEL Consultant
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1 MERIS ALOS/PSM AV reflectance over Lybia site
>>Simulated PRISM TOA
Reflectance = 0,4384
0,65 ¢ MERIS
>>AVNIR-2 TOA Reflectance = o0 | = AVNIR
0,55
0,4407 8 .. X PRISM
@©
>>The relative difference < 0.5 % 8 ] MERIS_spline
© 040
. ® : x AVNIR_Spline
0 e PRISM SIMULE with
, AVNIR
| | | | | | | @PRISMSIMULE with
' 350 400 450 500 550 600 650 700 MERIS
Wavelength (nm)
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3 methodologies were used to intercompare AVNIR-2 to other sensors’ radiometric
scale: LS TM and MERIS

Intercomparisonl Intercomparison2 Intercomparison3
(L5 TM radiometric (MERIS radiometric (MERIS radiometric
scale) scale) scale)
Band 1 -6.5 % -5.6 % -4.60%
Band 2 1.2% -0.1 % -1.3%
Band 3 Saturation Saturation Saturation
Band 4 -5.0 % 2.7 % -10.00% (?)

*The results from various methodologies are consistent for band 1 and 2.
Intercomparison 2 is the only one rigorously attempting to correct for water vapour

GAEL Consultant —
hitp:fiwvww.gael.fr "
B Ccscartes Nobel, 25 rue Alffed Nobel (

F-77420 Champs Sur Marne, France
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e PRISM and AVNIR-2 are in agreement,

e Stability of the radiometric calibration,

e No sensor radiometric degradation observed,

e AVNIR-2 and PRISM appears in line with the MERIS and L5
TM radiometric scale to within the methodologies
uncertainties

GAEL Consultant
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AVNIR-2/PRISM geolocation information (latitude and longitude)
1s given at ellipsoid level in the standard products.

Verification was done along two lines:

1. Verification of geolocation information accuracy within the
standard products: what the users get from the ADEN node.

2. Verification of the capabilities of generating higher level
products (not yet available from ADEN but from
JAXA/RESTEC), e.g.:
a) L1 products with improved geolocation accuracies (of the

order of pixel size)
b) High accuracy DSMs from PRISM

GAEL Consultant
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Type of data used in the frame of the geometrical quality
assessment activity

GPS data measurements (50 cm accuracy) “Sparse” sites Along track” sites

over a series of site (e.g.: campaigns in 50 orthorectified SPOT-4 IKONOS data
Italy and France were organized data
Along track instrument
Single scene geolocation accuracy pointing variations / internal
assessment deformations identification

GAEL Consultant —
. n = B Ccscartes Nobel, 25 rue Alfred Nobel (
science for a changing world
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AVNIR-2 1B2 product geolocation

e Geo location shift of 5000 m (RMS) were measured at the
beginning of the verification period. Errors appeared related
to instrument pointing

 AVNIR-2 geolocation has been improved during the initial
operational phase. JAXA has updated alignment parameters.

e Geolocation 1s since then much improved, and the last results
are above target specifications:

|Pixel(CT)ILine(AT)INorm
1B2R | 48m | 10m [49m
1B2G | 45m | 8m [46m

GAEL Consultant
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—=— RMSx
RMSy

—— RMS

Multi date evolution of 1B2R product
geolocation accuracy
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band1 band2 band3 band4
H ¥ H ¥ X ¥ H ¥
band1 x x 043 |44 1051 | 036 | 057 |07
band?| 0,43 0,44 X X 053 (039 | 072 | 057
band3| 051 035 | 053 | 0,39 x x 071 (054
bandd| 057 o792 072 | 057 | 071 | 054 x x
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*PRISM geolocation information was of non-satisfactory quality in
the early day of the mission (RMSE of several hundred meters)
eUpdated PRISM geometric model and pointing alignment
parameters JAXA performed appears to have significantly improved

the situation, e.g.:

ALPSMNO06015272 Backward view Nadir View Forward View
Mean 19.2 m 24.5 m 72.7m
Std 7.7m 6.9 m 5.5m
RMSE 20.7 m 25.6 m 73.0 m

Geolocation error of product ALPSMNO06015272 (acquired in March 2007 over La Crau and
processed on April 2007) against GPS measurement over La Crau (France)

*More accurate products have been generated using RPCs

*RESTEC (Japan)

rovides commercially such type of

broducts (and

GAEL Consultant —
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*The last 1B2G product level dated of July 2007

ALPSMNO076
492695 Pixel(CT) | Line (AT) | Norm
Nadir View 7m 76 m 76 m

*When one ground reference point to improve geo
location, the product accuracy reach 8 m (RMS).
*ESA product s/w version 3643060752 . Not the same
accuracy (previous slide) observed on JAXA product
s/w version 4500307004.
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eDigital Surface Model (DSM) generation from PRISM data
*PRISM multi-view data were combined to GPS GCPs. A DSM of
the Monte Viso in the Piemonte was generated.

DSM monte Viso area generated with PRISM




Digital Surface Model (DSM) generation from PRISM data

Sub pixel accuracy can be achieved vertically and horizontally.

Independent GCPs were used to validate the DSM. The results are
Very encouraging.

RMSE X m 2.71m
RMSE Y m 1.90 m
RMSE Z m 1.05m

DEM accuracy obtained with a Direct GeoReferencing (DGR)
Model and 5 GCPs for the DEM generation

GAEL Consultant SIS
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Implementation of a fast method for DSM generation, without using
orbital model. Outstanding results are obtained

Terain Colors

32200
29723
27246
24763
22292
19315
17338
14861
12384
3307
7430
4953
2476

(cm)

4
©2007 Cnes/Spol image~"

age.© 2007:BgitalGlobe
iy O

§
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Implementation of a fast method for DSM generation, without using
orbital model. Outstanding results are obtained — Z RMS 15 m !!!

DEM Comparison PRISM / France 100

400 ~
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Conclusion

*PRISM geolocation (as in standard product) 1s being improved
*AVNIR-2 geolocation information now appears within specs

*The capability of generating higher level products (highly accurate
geocoded products and DSMs) from PRISM data 1s demonstrated

GAEL Consultant
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Napoli
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PRISM stripe noise correction
A couple of product processed before and after processing
chain improvement has been compared together.

EC PN TE S Low DNs remains similar
Stripe I SE Correction is stronger for High DNs

eeeeeeeee
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PRISM stripe noise correction
Some areas are now saturated — 1.6 more saturated pixels.
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PRISM stripe noise correction
When zooming we observed that JPEG artifact not removed

new

L 1200 L do0

L 180 L {180

L 160 - 160
4140 4140

L 120 L d120

i} i}
B0 B0

This area 1s Salon airport, used to compute MTF on artificial
target. With saturation MTF cannot be computed and a

e
ailce
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PRISM Modulation Transfer Function (MTF)

b

09/06/06 : saturation of
brigh

PRISM images over Salon target

target only on the backward
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PRISM MTF measurement : early results (TBC)

MTF @ Nyquist freq. AT CT
09/06/2006 0.24 0.16
09/09/2006 0.19 0.08
09/09/2006 without model 0.25 0.07
Pre-flight MTF 0.29 0.23
Specification > (0.2 >().2

More data needed to confirm the results

The vertical MTF appears to be within the specification

The horizontal MTF appears to be out of specs

GAEL Consultant ——
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The intercamera limit
1s clearly visible

PRISM CCD Relative calibration

GAEL Consultant
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. early results

CT_MTF (pre-flight)

MTF at Nyquist frequency] Band1 Band?2 Band3
CT_MTF (x) 0,51 0,50 0,48
AT_MTF (y) 0,24 0,30 0,32
specification >0,25 >0,25 >0,25

AT MTF (pre-flight)

0,34

0,36

specification

>0,25

>0,25

GAEL Consultant
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PRISM

*Overall the quality of the image 1s satistfactory

*[Lossy compression and calibration introduce artefacts which
seem to be reflected by the preliminary MTF estimates.

*The stripe noise correction is efficient but introduce image
saturation.

AVNIR-2

eImage quality 1s in line with specs

GAEL Consultant
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*AVNIR-2 data are within specs
*Continuous progress are being done to further improve PRISM
data quality: compression and calibration

*Generation of L1 products with accurate geolocation and of DSM
demonstrated for PRISM

*The ALOS optical data are of satisfactory quality should reveal of
strong interest to EO scientific / commercial users

eData quality control is a continuous process which will be carried
out all along with the mission lifetime

eAccess to ALOS data, documentation and data

manipulation tools

*ESA Final report on ALOS Data Quality

*ESA ALOS IGARSS publication
available at:

http://earth.esa.int/ALOS/

; e S a _é U C F http:/Avww. gael. fr
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Thanks you
sebastien.saunier@gael.fr

For more information please refer to:
Bouvet M., P. Goryl, G. Chander, R. Santer and S. Saunier (2007), Preliminary radiometric calibration
assessment of ALOS AVNIR-2, Proceedings of the 2007 IGARSS conference, July 2007

Bouvet M. (2007), Intercomparison of multi-spectral imagers over natural targets, Proceedings of the
2007 IGARSS conference, July 2007

e Access to ALOS data, documentation and data

manipulation tools

*ESA Final report on ALOS Data Quality

*ESA ALOS IGARSS publication
available at:

http://earth.esa.int/ALOS/
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