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An Earth Remote Sensing Satellite-1
Synthetic Aperture Radar Mosaic of the
Tanana River Basin in Alaska

Abstract

Because the pixel location in a line of Synthetic Aperture
Radar (SAR) image data is directly related to the distance the
pixel is from the radar, terrain elevations cause large dis-
placement errors in the geo-referenced location of the pixel,
This is especially true for radar systems with small angles
between the nadir and look vectors. Thus, to geo-register a
SAR image accurately, the terrain of the area must be taken
into account. (Curlander et al., 1987; Kwok et al., 1987,
Schreier et al., 1990; Wivell et al., 1992). As part of the 1992
National Aeronautics and Space Administration’s Earth Ob-
serving System Version 0 activities, a prototype SAR geocod-
ing and terrain correction system was developed at the U.S.
Geological Survey's (USGS) EROS Data Center (EDC) in Sioux
Falls, South Dakota. Using this system with 3-arc-second
digital elevation models (DEMs) mosaicked at the EDC Alaska
Field Office, 21 ERS-1 SAR scenes acquired at the Alaska SAR
Facility were automatically geocoded, terrain corrected, and
mosaicked. The geo-registered scenes were mosaicked using
a simple concatenation.

Satellite and Earth Model Algorithm

The algorithm developed at the EDC uses a latitude, longi-
tude, and elevation from a DEM to calculate a line and sam-
ple location in the SAR image. This is accomplished by
solving the Doppler shift equation, which relates the relative
velocity between the point on the Earth and the satellite to
the measured frequency shift of the returned radar pulse
(Curlander et al., 1982; Roth et al., 1989; Wivell ef al,, 1992).
The EDC algorithm uses a time-dependent satellite model and
a time-dependent Earth model and incorporates these models
into the Doppler shift equation. This results in the Doppler
shift equation being dependent only on time. The equation
can then be solved efficiently using a Newton-Raphson itera-
tion on the time variable.

Ephemeris and Model Correction

Due to small errors in the ephemeris, in the satellite model,
and in the Earth model, a geocoding procedure using the
ephemeris and these models alone will result in a slightly
inaccurate registration. These errors can be reduced by con-
structing a simulation of the SAR image to be used as a refer-
ence (Curlander, 1991; Leberl, 1990; Wivell et al., 1992). The
simulation is created by using the ephemeris data as input to
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the satellite model and by using the DEM information for a
given location as input to the Earth model. The resulting so-
lution of the Doppler shift equation produces a line and a
sample location in the SAR image. A backscatter value is cal-
culated using a simple backscatter model (Leberl, 1990) for
this SAR image location. This backscatter value is stored at
the calculated line and sample location in an output array,
This process is repeated for each location in the DEM.

The simulated image emulates the distortions due to ter-
rain, such as the sharp contrast between the bright SAR-fac-
ing sides of the mountains and the dark flats and the still
darker sides of the mountains facing away from the SAR. Be-
cause the simulated image is in the same satellite projection
as the SAR image, the errors in the ephemeris and in the
models are easily related to the displacement errors between
the simulated image and the SAR image. To find the displace-
ment errors between the images, a computer generated grid
of points corresponding to image locations is used to match
the simulated image and the SAR image. This matching
process is automated using normalized cross correlation and
a matched-point editor based on the method of least squares.
The displacement errors are then fit to one-degree error
planes for both the line and sample errors. These planes are
used to correct the line and sample output of the model.

Mosaicking

The geocoding and terrain correction algorithm was incorpo-
rated into EDC’s image processing system, the Land Analysis
System (LAS) (Ailts et al., 1990). The LAS creates a data de-
scriptor record (DDR). This record contains information about
the map projection used, such as the type of map projection,
the projection coordinates of the image corners, and the
physical pixel size. Because the DEM is used as the output
reference space, the resulting terrain-corrected SAR image is
registered to the DEM. The mosaic was created using a LAS
function called CONCAT. This routine uses the DDR to calcu-
late where to lay a projected image over previously projected
images. The resulting mosaic is shown on the cover of this
issue of PE&RS. No radiometric smoothing has been done be-
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tween the scenes and no manual shifting was done to the in-
dividual scenes.

Description of the Mosaic

The mosaic consists of 21 individual geocoded and terrain
corrected ERS-1 SAR scenes of a portion of the area of the
Tanana River Basin in the interior of Alaska. The individual
scenes were mosaicked using a simple concatenation without
any radiometric edge smoothing or manual shifting of the
images. The pixel size for each of the 21 images is 90 metres
by 90 metres to match the resolution of the DEM, down from
the 12.5- by 12.5-metre pixels in the original standard SAR
product. The resolution of the standard four-look SAR prod-
uct is approximately 25 metres. The final mosaic contains
4,754 lines by 5,800 samples, which results in an area of
about 225,000 square kilometres, Fairbanks, Alaska, is ap-
proximately in the center of the mosaic. The large bright
areas, such as the one southwest of Fairbanks, are areas of
recent forest fires. In most cases the seams between images
are invisible. One noticeable seam running north to south
(just west of Fairbanks) is believed to be due to a difference
in the amount of surface moisture present between the two
orbital passes. The far southwest scene contains Mt. Mc-
Kinley. Notice in the Mt. McKinley scene, the edge of the
scene has been greatly warped due to the terrain correction
process over this area of large elevation change.
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This book provides a full and authoritative intro-
duction for the scientist needing to know and under-
stand the scope, potential, and limitations of remote
sensing. The intention is that readers, equipped with
a broad background of physical science, will be led
to understand and apply remote sensing techniques.

Featuring: ® Comprehensive overviews of the
basic principles behind remote sensing physics,
techniques, and technology ® Concise presenta-
tions of data acquisition, interpretation, and analy-
sis ® Detailed treatments of atmospheric correc-
tions, essential to quantitative remote sensing of
land and water @ Richly illustrated examples of
photographic and non-photographic imagery, in-
cluding many full-color photographs from satcllites
and aircraft ® Applications drawn from across
the earth, environmental and atmospheric sciences
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