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ABSTRACT

In the following paper a new efficient technique for SAR in-
terferogram geocoding is presented. The method is based on
the well-known geolocation approach which is used to relate
the SAR signal domain to the geometric Euklidian space i
which all geo-information is represented. In contrast to com-
mon approaches the geocoding problem is solved via an object-
to-image transformation, hence allowing the user to precisely
define the desired DEM sampling. The methodology appears
to be extremely fast, yet highly accurate since supplementary
interpolation of the DEM values can be avoided by proper over- X
sampling of the interferogram data.
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INTRODUCTION Figure 1: Geolocation approach with interferometric extension

The geocoding of SAR interferograms, defined as the con- ) ) )

version of the unwrapped interferometric phase into a terr&fOrtly recalled in the following section. Contrary to the for-
map in an earth-related coordinate frame, is an essential $¥&pd solution that is applied in the common geolocation proce-
in deriving rectified digital elevation maps from interferomeflure an inverse object-to-image transformation constitutes the
ric SAR data. It can principally be divided into two differenP@sis of the new algorithm and is subject of the main part of
steps: the conversion of the interferometric phase into terrfi§ Publication. A final discussion on the applicability of the
altitude and the transformation of the height information froffethod concludes the paper.

the SAR range/azimuth coordinate frame into an earth-related GEOLOCATION APEROACH

reference frame. Both steps are intrinsically connected to each

other since the concept of "terrain height” already implies thg,o geolocation approach was originally developed to accom-
definition of an earth’s reference surface with zero aItitudﬁish the geocoding of SAR magnitude images and is reported
Nevertheless, the geocoding procedure not necessarily n§gQRtail e.g. in [3][4]. It marks the interface between the SAR
to be performed in two parts, as will be proposed with the NeWna| domain, where the entire information is represented in
technique. . range and azimuth time coordinates, and the real 3-dimensional
Different approaches to solve the geocoding problem havgyiigian space to which all geophysical information has to be
been summarized in recent publications [1][2]. However, Mqgliated to. The geolocation links each image pixel to its indi-
of the techniques have been designed for small amounts of dg{@yal location in a terrestrial reference frame. Fig. 1 illustrates
hence are reported to be rather time-consuming in the contg pasic idea of the method: starting from the sensor position
of large area DEM generation. Furthermore, height accuragy which is accurately known through the orbit data informa-
often suffers from improper data interpolation especially in &gy in combination with the azimuth time coordinatend ex-
eas with steep terrain slopes. ploiting the range distancevia the range delay measurement
In this paper a new efficient technique is presented whigh,. — .. 1), the positionP of the regarded pixel on the earth’s

on the one hand reduces the processing time efficiently whil@face can be estimated introducing two further assumptions:
on the other hand enables an easy adaption of the DEM sam-

pling to the intrinsic sampling of the input (interferogram)
data, therefore avoiding undesired interpolation. The method i» the shape of the earth’s surface can be modeled, typically
based on the well-known geolocation approach which will be applying an ellipsoidal approximation for computational
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height is the unknown quantity, the geolocation approach can Rt TN N
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(1), as described in [5][6].
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A NEW INVERSE GEOCODING ALGORITHM Figure 2: InSAR geometry: the terrain height depends

Principle monotonously on both the range delay and the range difference

The basic idea of the newly developed geocoding procedure . . . . . _
is to start with user-defined object coordinates (in a specif%(yipllo'tmgbthesf. cor:dggn;, ihe he'tght\éalijhe orl:aspfe Cmf. image
geo-projection) and directly calculate the terrain height valyg&e! can be estimated by intersecting both phase functions.
for this predefined coordinate grid. Accordingly, an object-t@yocessing steps

image transformaﬂoq rather than the common Irn"’1(~:]e't0'0bjECIStarting point of the geocoding procedure is the selection of
transformationis carried out, hence rendering superfluousaftwé object coordinate frame, i.e. map projection, desired sam-
therhdat? |nt'e;]pol'at|t()3n. q he followi i gling, and boundaries of the final image extension, which de-
hT' € afgorlt mis ﬁse .ont e following two assumptions @fie 4| the coordinates for which the altitude has to be calcu-
the interferometric phase: lated. Processing then consists of a scanning of all these co-
1. For each image range line, the interferometric phase Igljlngte paurs ]Ehﬁt arcT W'th'r;]éhe SEIectethoun?arlgs. In the
cluding theflat-earth component) as a function of the'?'oWing one of those locations on the earth’s surface Is con-

range delay time has a monotonous (increasing or decreség—emd'
ing) behaviour. Although this is correct in theory, phase As first step a transformation into the Cartesic coordinates of
values in real interferograms are often corrupted by noi orbit data’s system is carried out, using an approximate first
or are subject to phase a”asing (Caused by undersamng&SS he|ght Value. Thereafter an Orbit |Ocati0n in the master
of steep terrain slopes). Nevertheless, a monotonous cuait is performed, as described above. This leads on the one
canin genera| be restored by proper noise f||ter|ng hand to a certain azimuth tinten the master image (aCtua”y
the time at which this pixel was, respectively would have been
2. For a given horizontal location on the earth’s surfacluminated), which in turn provides a range lirief the un-
the dependency of its height on the interferometric phaseapped phase image, yielding a monotonous curve of phase
yields a monotonous curve, too. This is guaranteed by tveues of which one may correspond to the correct height of
nature of the imaging process (see Fig. 2): following thiee point (precondition 1). Since fractal positions @ire pos-
vertical straight line of increasing terrain heights, the digible, nearest neighbour interpolation has to take place. Ade-
ferent hyperbolas (each marking an isoline of consfgnt quate oversampling of the original interferogram may improve
are crossed. Since simultaneously, due to the side-lookihg determination accuracy. However, care has to be taken with
geometry, the circles of constant range are passed throubh,estimation of since it is slightly dependent on the actual
a monotonous dependency betwekmnd slant range terrain height ofP especially if no zero Doppler SAR process-
(respectively range delay) is implied. ing was applied. In that case the phase curvature as a function



for an output pixel spacing df5 m takes aboul2 min. on a

PC with Pentium Pro 200 MHz CPU. Results were compared to
a solution of a common approach [5] and yielded no significant
deviations.
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CONCLUSIONS

800 A new efficient technique for SAR interferogram geocoding

was presented. Phase-to-height conversion and map coordi-
nate estimation is performed simultaneously with an object-
to-image transformation, which marks the main advantage of
the approach compared to common solutions that need addi-
tional, often extremely time-consuming resampling of the data.
However, monotonous behaviour of the interferometric phase
along range is a basic requirement for high accuracy achieve-
ment, but is not necessarily guaranteed in real interferograms.
Furthermore, efficient computation requests zero Doppler SAR

rocessing as well as a precise first guess height value for each

fXel. To this purpose it is recommended to include coarse ele-
vation information, originating e.g. from ETOPOS5 data.
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Figure 3: Intersecting phase curves (example from an ERS
dem interferogram)

of h migrates over several range lines, hence cannot be easily
represented by a single

In addition to this phase curve a further functional relatiod-he author is grateful to Richard Bamler from the German Re-
ship betweenP (emerging from the two signal path lengthsinote Sensing Data Centre (DFD) for his valuable contributions
andh can be established by introducing various terrain heigtiggarding the concept of the methodology.
and performing orbit locations in both orbits. Now, sirele-
pends onr at the same time, the relationskip= & (1) can be
set up instead, having in mind that it is still related to one spe-
cific location on the earth’s surface. In more detail, coefficient
of a 2nd-degree polynomial
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