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Abstract

One application of topographic height information derived from
stereo~radar is for the rectification of the radar image. Using
an analytical plotter one can plot contour-lines and planimetric
features from radar sterec images that are presented on film in
analog form. The stereo-derived heights serve as input to a
specific rectification technique based on digital image
processing. A simulation program generates a synthetic digital
radar image to match the real digital image. This relates the
addresses of the height values to each radar image pixel.
Consequently an ortho-image can be created by resampling.

Introduction to the problem

The problem of precisely relating the gray values of an aircraft
or satellite radar image to a corresponding map is solved by
creating a geometrically corrected image. The result -- an image
with the backscatter of a radar image but the geometric
properties of a map -- is here denoted as "ortho-image™". The
radar rectification discussed here depends on the use of a
digital elevation model and subsequent radar image simulation as
it was proposed first by Kobrick (see Domik, Kobrick, Leberl,
1983)



The required input for a rectification, according to Leberl
(1983) is

a radar image

interior orientation
exterior orientation

a digital elevation model

Digital rectification has also been done in the context of the
SEASAT-mission. Curlander et al. (1981) have wused digital
SAR-images from SEASAT together with orbital data, and Naraghi et
al. (1981) matched the SAR-data with a digital terrain model.

Rectification procedures

The digital elevation model (DEM) required for the rectification
process might be available from maps or other sources. If a DEM
model does not exist, (e.g. in exterrestrial areas), it might be
derived from a radar stereo pair. The procedure of generating a
DEM with radar stereo mapping and subsequent rectification of one
of the radar images is only described shortly here. Emphasis is
on the description of the results. References for more detailed
information on the procedures are in Raggam and Leberl (1984) for
stereo mapping and in Domik et al. (1984) for the rectification
procedure.

Generation of DEM with radar stereo mapping

LaPrade (1963) first suggested radar stereo mapping. Flight
configurations to obtain stereo pairs are e.g. same side flights
with different look angles, opposite side flights or crossing
flight paths. At the Research Center Graz a software system for
the analytical plotter Kern DSR-1 was developed to set up, and
plot from, radar stereo models. The stereo model set-up is
realized in two steps. The first step is to relate the image x,y
coordinates to the physical radar measurements of range r and
time t. (Inner Orientation). The second step (exterior
orientation) relates image and object space. The plotting is
either directly on an xy pen plotter or results are entered into
a digital data base for further processing.

Rectification of digital radar image

The DEM together with sensor and imaging parameters and
backscatter curves enter into a simulation. The result is a



the simulator a synthetic radar image was created from the
stereo~derived DEM together with an additional address file (Fig.
4). The registration resulted in Fig. 5 by removing the
differences (see registration grid in Fig. 6) between real and
simulated image. The final ortho image (Fig. 7) was created by

resampling the radar image grey values at their corresponding DEM
addresses.

ILLURIRATED HEICHT RODEL

Fig. 1 : Digital elevation model of the greek islands
| Cephalonia and Ithaca with radar illumination. Data is
stereo - derived using an analytical stereoplotter.



SINULATED RADAR INAGE

Fig. 4 : Simulated radar image using imaging and

sensor parameters from SIR-A recordings and
stereo-derived digital elevation model. N\

Fig. 5 : SIR-A image registered to simulated image.
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