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Introduction

• Most Resourcesat-1 imagery sold to USDA is in the form of orthorectified AWiFS 
scenes

• AWiFS orthos require map control to meet accuracy specifications (uncontrolled 
scenes: ~500 m CE90 positional accuracy)

• GeoEye has developed a production workflow with custom software to streamline the 
process of data management, control point measurement, block adjustment and 
orthorectification

• Production workflow is interactive but not labor intensive
• Major workflow steps:

– Source data acquisition and QC
– Ancillary data compilation
– Control point measurement and assessment
– Block adjust and orthorectification
– 10-to-8 bit rescaling
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Source Data Acquisition
• Customer specifies 

path/row/quad/date for 
collection

• Inside CONUS:
– Scenes collected and 

downlinked in 
realtime to Norman, 
OK ground terminal

• Outside CONUS:
– Realtime collection /  

downlink to IRS-P6 
regional affiliate 
station; 
or

– Stored on OBSSR 
and downlinked at 
India IRS-P6 Receiving Stations

Norman, Fairbanks: GeoEye
Hyderabad: NRSA

Neustralitz: Euromap
Abu Dhabi: Space Imaging Middle East

Beijing: RSGS
(Not all sites listed)
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Source Data Acquisition cont’d

• Ortho processing performed 
outside IRS-P6 ground station

• Process starts with standard IRS-
P6 product:  

– Geo product (path-oriented)
– LGSOWG format 
– LCC projection
– CC resampling

• LGSOWG format contains 
metadata allowing reconstruction 
of view geometry (Lutes, 2005)

• LGSOWG scenes sent from 
receiving station to Norman for 
ortho processing

– Direct downlink: < 2 hours
– FTP: 1-2 days
– Courier: 4-5 days

LGSOWG ‘map projection’ records indicate direction from 
ground to satellite from various points in the image
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Initial Reformatting / QC

• GeoEye proprietary software 
reformats LGSOWG to more 
convenient format

• 4-band TIFF created
• RPCs generated from 

LGSOWG view geometry 
metadata

• Visual examination of scene:
– Cloud cover
– Processing/downlink 

anomalies
– Correct path/row/quad/date

• Customer contacted (email 
with screen captures) for 
questionable scenes

Source LGSOWG files

Data staging / reformatting utility

4-band TIFF + RPC Scene footprint
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Ancillary Data Compilation (CONUS)

• Data staging utility also 
compiles reference 
orthoimagery and DEM

• DEM:  1-arcsecond NED
– SRTM-3 used for scenes 

straddling US borders

• Imagery:  USGS DOQs
– Reduced resolution DOQs

used for AWiFS control (32 m 
GSD)

– ~12 m CE90 positional 
accuracy (1:24K)

Source Image

Digital Elevation Model

Reference DOQ Image
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CONUS NED DEM Coverage
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CONUS DOQ Coverage
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Ancillary Data Compilation (International)

• Same process as CONUS 
collections, but different DEM / 
reference image datasets

• DEM:  SRTM-3
– Alaska NED and Canada 

CDED used in high latitudes

• Imagery:  GeoCover 2000
Landsat orthos

– ~110 m CE90 positional 
accuracy 

– Reference image accuracy is 
limiting factor for international 
ortho products

Source Image

Digital Elevation Model

Reference GeoCover Image
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International DEM Coverage

Current holdings – CDED added as needed
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International Reference Imagery Coverage

Current holdings – GeoCover scenes added as needed
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Control Point Measurement

• Automated image matching 
software used to collect tiepoints

– Configured for AWiFS file naming 
conventions

– Matches TIFF + RPC/DEM and 
reference orthoimage

– User can override spacing of 
tiepoint measurement attempts, 
min/max number of points to 
extract

• Software generates a project file
for interactive review / edit / block 
adjustment utility

Tiepoint measurement utility

Auto-generated project file w / tiepoints
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Control Point Measurement / Block Adjustment
• Custom GUI developed 

with ERDAS Imagine 
Developer’s Toolkit

• Interface similar to 
Raster->Geometric 
Correction tool; 
specialized for IRS-P6 
processing workflow
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Control Point Measurement / Block Adjustment
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Control Point Measurement / Block Adjustment

GCP Add Tool

• If auto-generated 
tiepoints are not well 
distributed, new points 
can be added manually

• At least 20 well-
distributed points are 
used for block 
adjustment
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Control Point Measurement / Block Adjustment
• Block adjustment 

performed by using 
‘Calculate’ toolbar button

• Line/sample/RSS errors 
shown for each point, as 
well as overall statistics

• Individual points can be 
enabled / disabled or 
added / deleted

• All auto-generated 
tiepoints with RSS error 
> 1.5 pixel are disabled

• Aim for total RMS < 0.5 
pixel

• Correction model as 
appropriate for AWiFS-A 
or AWiFS-B camera 
(Lutes, 2005)
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Control Point Measurement / Block Adjustment
• Adjustment model can 

be modified
– add or remove line drift 

terms

• Detailed report 
generation for later 
reference or 
troubleshooting
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Ortho Generation
• Map projection 

parameters / output 
resolution preconfigured 
for AWiFS scenes

• Imagery optionally 
scaled from 10 bits per 
pixel to 8 bits per pixel

• Cubic convolution 
resampling employed
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Ortho Generation: 10-to-8 bit rescaling

• Ortho metadata provides DN-to-radiance scaling coefficients

DN10 = 10-bit pixel value
Lmin = Min radiance value provided in scene metadata
Lmax = Max radiance value provided in scene metadata

• 10- to 8-bit rescaling maintains integrity of DN-to-radiance coefficients

1023
255

108 ⋅= DNDN

( ) minminmax
10

1023
LLLDNLrad +−⋅=

( ) minminmax
8

255
LLLDNLrad +−⋅=
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AWiFS Nearest Neighbor Resampling Issues

AWiFS Camera Assembly

• Nearest Neighbor commonly requested for 
Remote Sensing applications because it is 
thought to most closely resemble what was 
collected by the satellite – i.e., NN pixels are 
thought to be more radiometrically ‘pure’ than 
those from other resampling techniques

• Nearest Neighbor resampling NOT 
recommended for ResourceSat-1 products!

Why not?

• AWiFS collects 4 bands of imagery using 4 
different telescope assemblies.  

• Detectors from different bands do not collect 
energy from the same area on the ground!

• This is true for most satellite sensors.  Only 
systems with beam splitter arrangements can 
direct energy from exactly the same ground 
area to the different bands.  
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NN Resampling Example
• This is an actual scene

illustrating the effect of 
NN resampling on image 
reconstruction

• Ground track of the 
detector arrays shown 
for a single as-collected 
line:

– Green = green band
– Red = red band
– Magenta = NIR band
– Yellow = SWIR band
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NN Resampling Example cont’d
• Close-up shows that 

pixel offsets can be 
large

• NN resampling could 
result in a pixel with data 
coming from source 
pixels having very little 
overlap
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NN Resampling Example cont’d
• Plot illustrates source 

pixel footprints that were 
used to compile output 
pixel

• Almost no overlap 
between green and 
SWIR! 
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NN Resampling Example cont’d
• Closeup of scene 

with CC resampling
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NN Resampling Example cont’d
• Same scene with NN 

resampling
• Note color artifacts 

around bright 
features

• In addition to band-
to-band registration 
issues, there is also 
pixel duplication –
the same source 
pixel generates more 
than one destination 
pixel.

• Happens because of 
scale variability 
throughout AWiFS 
scenes



26GeoEye’s AWiFS Ortho Production Process USDA/PECAD Seminar September 12, 2006

Pixel Duplication in NN Resampling

Blue band of scene from previous slide. 

CC Resampling NN Resampling

Duplicated 
pixels
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Pixel Duplication in NN Resampling cont’d
• Plot of pixel centers illustrates 

several areas where two 
destination pixels fall within the 
same source pixel

• This effect worsens in areas 
where as-collected GSD 
diverges from GSD of output 
product

– AWiFS as-collected GSD is 
56 m at nadir but ~70 m at far 
edge of scene

• To avoid this, use a lower 
GSD for output product (e.g., 
70 m instead of 56 or 60) or 
don’t use NN resampling for 
image reconstruction
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NN Resampling Summary
• AWiFS has two characteristics that make it difficult to use Nearest Neighbor 

resampling for image reconstruction:
1. Detectors from different bands do NOT collect energy from the same ground area 

(different optical distortion, timing, detector placement, etc.)
2. Scale variation across the scene forces a compromise in choice of product GSD, resulting 

in pixel duplication in parts of the processed image

• GeoEye recommends CC or other resampling techniques for AWiFS ortho 
products
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Ortho QC
• ERDAS IMAGINE 

‘flicker’ and ‘swipe’ tools 
used to compare ortho 
with  reference 
orthoimage
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Ortho QC
• QC operator checks 

several areas within 
image for alignment

• All areas should be 
within 1 pixel of 
reference image

– Reference imagery 
sometimes has local 
problem areas (both 
GeoCover and DOQs)

– Can be detected by 
local shear within 
reference image

• More tiepoints added 
and ortho regenerated if 
tolerance is not met
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Ortho QC
• 1 pixel alignment with 

reference is typically 
achieved with no rework 
necessary

• Ortho is also checked at 
this stage to ensure 
complete coverage 
(e.g., no corners cut off 
due to incomplete DEM 
coverage)

• Ortho viewed with 
different band 
combinations to ensure 
that all 4 bands are OK
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Final Reformatting / QC

• 4-band ortho TIFF split into separate 
bands

• LGSOWG scene metadata used to 
generate TIFF metadata – stored in 
TIFF Image Description field

• Matches GeoTIFF ortho format for 
products generated by IRS-P6 ground 
station

Source LGSOWG data

4-band TIFF ortho

Reformatting utility

Output GeoTIFF ortho productGeoTIFF ortho metadata in TIFF header
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Summary

• GeoEye’s AWiFS ortho production workflow has been described

• Current implementation is interactive but not laborious, providing numerous operator 
QC points to ensure product quality 

• Custom software used for most data processing steps

• International product accuracy is limited by control dataset accuracy

• Nearest neighbor resampling not recommended due to nature of AWiFS sensor

• 8-bit ortho product is generated from the 10 bit source image - 10 bit products also 
available
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