
ABSTRACT

The main subjectof this paperis an assessmentof the
potential to generate large scale digital elevation
modelsby meansof interferometricprocessingof ERS
SAR data.A DEM of the entire CzechRepublichas
beenproducedusing Tandemdatapreferablyfrom the
winter period 1995/96.The correspondingprocessing
steps, including data selection, phase unwrapping,
height derivation, and mosaickingare presented.The
resultsarecomparedto referenceelevationinformation
andshowa typical vertical accuracyin the orderof 10
m, indicating the potential of the methodology to
generate large area DEMs on principle. However,
fundamental limitations have to be kept in mind
particularly regarding the technique's sensibility to
temporalchangesof the illuminatedsurfaceaswell as
to atmospheric distortions. 
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1. INTRODUCTION

In recentyearsinterferometricprocessingof SAR data
has becomea widely-usedtool for the generationof
digital elevation modelsof the earth'ssurface.Apart
from mainlyoneprocessingstep,i.e. theunwrappingof
the interferometricphase,the theoreticalbackgroundof
the methodologyhas been establishedin detail and
numerousapplicationshaveshownthe applicability of
the technique in principle. However, most of the
applicationshaveconcentratedon small up to medium
size areaswith typical sceneextensionsrangingfrom
50 ´ 50 km2 up to 100 ´ 100 km2 (ERSquaterandfull
frames, respectively). Main objective of the study
presentedin this paperwasto assessthepotentialof the
methodology for large scale DEM generationusing
satelliteborne ERS SAR data from the Tandem period.

As testsite the area of the Czech Republic with an
estimatedextensionof 80.000km2 was selected.This
test area revealsall gradesof terrain slopes,ranging
from totally flat areasin themid-westernpart to almost
alpineregionsat theborderto Slovakia.In addition,the
vegetationcoverageis highly variable,changingfrom

heavily industrializedareasto agriculturalregionsand
extended forests.

In thefollowing themainstepsandprincipalfeaturesof
the project are presented,including the data selection
procedure, interferometric processor design, and
mosaickingof the single DEMs. A validation of the
InSAR-derivedheight mapsagainstexternalelevation
information is performed, finally followed by a
discussionof thepotentialof themethodologyfor large
area DEM derivation.

2. DATA SELECTION

A total of about220 Tandemscenepairsof the Czech
Republic was available, of which 80% have been
aquiredin descendingnodemodus.Fig. 1 illustratesthe
location of the image footprints projected onto a map. A
smallgapof about5 km betweenneighbouring100km-
strips required the processingof alltogether10 strips
which are partly overlappingeachother by nearly 50
km.

Fig 1: ERS-1/2full frame footprints of ascendingand
descending passes (© ESA DESC Software)

The data which were used to generatethe elevation
mosaicwereselectedaccordingto thefollowing criteria
(in ascending order of importance):
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· only ERS-1/2Tandemphasedata were taken into
considerationin order to guaranteethe maximum
possiblescenecoherenceand to ensureup-to-date
information at the same time;

· thedatawerepreferablyselectedfrom wintertimeto
reduceloss of coherencedue to vegetationcover
and motion;

· the interferometricbaselinewaschosento lie in the
rangeof 50 up to 300 m, in generalprefering the
higher valuesover the lower onesin order to gain
height resolution and accuracy;only in casesof
mountainoussceneswith steep slopes a smaller
baseline was favoured;

· adjacent frames of the same ERS track were
selectedfrom the same orbit (hence acquisition
time), if possible.

The criteria could be met only sparsely with the
Tandemdata: only 18% of the pairs dated from the
winter period,lessthan30% hada baselinelargerthan
100 m, and entire ascendingstrips appearedonly in
single cases so that the selection was based on
descendingscenes,using the ascendingpassesonly to
fill gapsand resolveambiguitiesin caseof erroneous
data.All of the requirementsat thesametime couldbe
satisfied by only 2% of the data.

3. INTERFEROMETRIC PROCESSING

3.1 Input Data Quality

Interferometric processing was based on the use of SAR
SLC products.Unfortunately,theprojecttime schedule
coincidedwith thebeginningof theoperationaldelivery
of SLC full frameproductswhich exhibiteda seriesof
bugscausedby introducinga new softwareversionto
the VMP processor.In detail, 4 principal problems
appeared:

· about one third of the ordered frames had been
processedtoo short, leading to non-overlapping
sceneswithin a track.Causedby improperDoppler
frequencyestimationduring processing,this effect
could be escapedfrom only by reorderingthe data
as "shifted frames";

· one third of the interferograms(namely the ones
with frame number 2583) suffered from an
incoherenthorizontalstripe in the upperpart of the
image. This effect was causedby the processor©s
problem of handling sampling window start time
changeswithin a frame. Flawlessscenescould not
be delivereduntil the end of the project (August
1997). Therefore, the affected scenes were
reorderedas raw data and subsequentlyprocessed
with DFD´s§ BSAR processor (Ref. 1);

§ German Remote Sensing Data Centre

· abouthalf of all orderedscenesweredeliveredwith
the I and Q valuesflipped. Even if both scenesto
form the interferogram underwent that exchange
(hence resulting in a perfectly coherent
interferogram)theeffecthadto beremovedin order
to restorethe correctphasebehaviourfor the phase
to height conversion process;

· two imagepairsweredeliveredwith a f
DC

valueof 3
kHz and a variation of more than one PRF band
from nearto far range,resultingin the interferogram
in a sharp phase jump at a specific far range
position. The effect was removed manually by
shifting one part of the interferogram by the
corresponding fraction of phase cycles.

The specifiedproblemsdelayedthe terminationof
the project by roughly two months.

3.2 Algorithmical Aspects

Interferometric processing was performed with
commonmethodologyreportedin recentpublications
(Refs. 2, 3). Two further improvementshave been
applied concerning the phase unwrapping and the
height derivation and are illustrated in the following.

For phaseunwrapping an improved region growing
techniquewas usedwhich combinesadvantagesfrom
both theglobal andlocal approaches(Ref. 4). In a first
stepa commoniterativeleast-squaresalgorithmgivesa
coarse approximation of the absolute phase. After
subtraction from the original interferogram the
remainingphasepattern(with only few fringes left) is
unwrappedapplying a rather simple region-growing
technique. This method appearedto be robust and
flawlessevenover low coherentareas.Only in extreme
layover or temporarily decorrelatedregions 2p-errors
occured,still not propagatinginto the higher coherent
areas due to the region-growing nature of the technique.

For height derivation a fast and efficient backward
solutionwasappliedwhich reducedtheprocessingtime
of one full frame interferogram to 15 min. The
technique exploits the monotonousand continuous
behaviour of the interferometric phase along range in an
undisturbedinterferogram,which can be utilized to
convert the height derivation into a root finding
problem.Details of the methodare not subjectof this
paper but will be outlined in a further publication. 

For eachfull frame DEM product about 20 up to 30
groundcontrol points were selectedfrom topographic
maps in order to refine the accurateradar imaging
geometry(hencetheinterferometricbaseline).Thefinal
image products (DEM, coherencemap, magnitude
mosaic)were resampledonto a grid spacingof 25 m
and delivered in the Czech cartographic system (S 42).



3.3 Hardware Aspects

The entire interferometricprocessingwas executedon
two PentiumPro200MHz PCswith 512MB RAM and
a single CPU each. Due to this inevitable memory
limitation the software had to be adaptedto block
processingsinceeachSLC full framealreadyallocates
morethan500 MB. Time consumptionfor a 100 ´ 100
km2 frameapproaches15 h, where80 % is spentfor the
phase unwrapping.

3.4 Processor Operationality

The interferometricprocessorwas designedto perfom
the entire DEM generationfully operationallyexcept
onemanualinteractionwhich is thenecessaryselection
of at leastone groundcontrol point. This interruption
hasto takeplacebeforethefinal heightderivationstep,
but following the magnitude and coherenceimage
formationin orderto enablethevisual identificationof
homologeouspoints in both the topographicmap and
the SAR data.

4. MOSAICKING

Mosaicking of ERS SAR imagesand InSAR-derived
DEMs has to be realized in two dimensions: 

· mosaicking of frames within a track, exhibiting
similar image parametersalready in slant range
geometry, 

· mosaicking of adjacent strips, which has to be
performed after image geocoding since the
overlappingpartsrevealtotally different slantrange
geometries, resulting from illumination with
different incidence angles.

4.1 Mosaicking of single frames

Three frameseachwere usedto form one contiguous
strip of 300 km length. The data were taken from a
single ERS orbit, hence originating from a coherent
stream of raw data. Due to the phase preserving
processing of the SLC scenes with ESA©sVMP
processora 300 km interferogram whithout phase
distortionscould be formed alreadyin the slant range
geometryby simply concatenatingtherangelinesat the
correctazimuthtiming position.The phasedifferences
in the overlappingparts remainedbelow 10 degrees
rms.

4.2 Mosaicking of strips

After geocodingof thesinglestrips the 300 km-scenes
in rectified map projection have been composedby
simply resamplingthemto a commoncoordinategrid.
In order to reduce possible discontinuities at the
transitionareasa fading techniquewas applied.A 50
pixel distance(@12.5km) correspondingto the master
image edges was specified along which the image
boundariesare blendedusing a linear ramp for pixel
averaging. Fig. 2 illustrates this edge fading technique.

Fig. 2:Edgefading techniqueapplied to the transition
areas between adjacent scenes

In Fig. 3 (next page)the resultingmosaickedelevation
map of the entire area is shown. Fig. 4 displays the
composedcoherencemap (descendingstrips).Varying
degreesof coherencecanbe observedespeciallyat the
strip boundaries, caused by different acquisition times.

Fig. 4:Composedcoherencemapof theCzechRepublic
The scene coherence of the strips varies
according to the acquisition time

5. DEM VALIDATION

For aportionin thewesternpartof theinvestigatedarea
a referenceDEM has been available for validation
purposes.This referenceelevationdataoriginatedfrom
digitization of topographicmapsand held a horizontal
resolutionof 100 ´ 100 m2 with a vertical accuracyin
the order of 10 m.

Fig. 5 showsthe differenceof the referenceDEM and
an InSAR-derivedelevation map. Only small height
variations, mostly below 10 m, are present in this
examplewhich can serve as a representativefor the
achievableheightaccuracy.Correspondingmeanvalue



and standard deviation are -4.7 m and 7.8 m,
respectively. The overall coherence is degraded
particularly by decorrelated forested areas and
mountaineous regions with steep slopes, causing
undersampled interferograms. 

By way of contrastFig. 6 revealsmuchmoresignificant

deviations.In this imagethe phasedifferencebetween
the original interferogram and the synthetic phase
patternof the referenceDEM (transformedinto slant
rangegeometry)is displayed,exhibitingalmost3 phase
cycles.Due to the natureof the residualphasepattern
(locally varying phase gradients) these differences
cannot be related to error sources like baseline

Fig. 3:Mosaicked elevation map of the Czech Republic

Fig. 6:Phase difference between interferogram and
reference DEM (transformed into synthetic
interferogram)

-p-20 m p20 m

Fig. 5:Height difference between InSAR DEM and
reference DEM



estimation inaccuracy (typically characterized by
homogeneousphase ramps), unwrapping errors or
referenceDEM incorrectness(both generally marked
by local distortionsin mountainousregions).The most
likely causeis atmosphericheterogeneityat the two
acquisitiondates,awell-knownissuewhich alreadyhas
been announced in recent publications (Ref. 5) 

Fig. 7 gives anotherexampleof atmosphericartefacts,
in this case becoming apparentin a kind of ripple
structure present in the difference interferogram.
Additional similar observationshave been made by
comparing overlapping areas of neighbouring strips
which sometimesexposelocal discrepanciesthat could
not be addressed to further error sources. 

In order to preventpossibleerrorsdue to atmospheric
heterogeneitiesa consistencycheckwas introducedby
investigating the overlapping areas with respect to
height deviations. For certain areasa third or even
fourth scene pair of the affected regions had to be used. 

6. CONCLUSIONS

As hasbeendemonstratedin the previoussectionsof
this paperERSSAR datafrom the Tandemperiodcan
be usedsuccessfullyfor the generationof large area
digital elevation models. Apart from the reported
problems the SLC data quality is sufficiently high,
especiallyregardingthe phasestability and geometric
accuracy,in order to enablemosaickingof the data
without any difficulties. The processingitself can be
executedalmostentirely operationally,only for ground
control point selection manual interaction is necessary.

However, some fundamental limitations have to be
noted:

· Rmsaccuracyof theestimatedheightmapswill not
exceedthe order of 10 m, which is in agreement
with previously reported studies.

· Atmosphericdisturbancesmayhavea strongimpact
on DEM quality. Typically, 3 or 4 data pairs are
needed to resolve ambiguities.

· The repeat-passcharacteristic of ERS (causing
temporal decorrelation)and its small look angle
(leading to slope undersampling) degrade the
achievableaccuracyon principle. Subsequentlythe
phase unwrapping remains to be the most
problematic processing step.

· Even with the accurateorbit information of ERS
there is a strong demandon a large number of
groundcontrol pointsin orderto adjustthe baseline
accuracy to the needs of interferometric height
derivation.

· Despiteof the large number of acquiredTandem
scenepairs it is not likely to find data of equally
high quality to cover an extendedarea like the
Czech Republic.

Fig. 7: Phasedifferencebetweeninterferogram
and reference DEM (transformed into synthetic
interferogram); same key as in Fig. 7;
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