ANALYZING TERRASAR -X AND COSMO-SKYMED HIGH -RESOLUTION SAR DATA
OF URBAN AREAS

Mingshend.iao*, Timo Balz, Lu Zhang Yuanyuan PeiHoujun Jiang

State Key Laboratory of Information Engineering in Surveying, Mapping and Remote Sensing,
Wuhan University, 29 Luoyu Road, Wuhan, China
liao@whu.edu.cn

KEY WORDS: SAR, highresolution, urban area, InSAReBistenScatterer nterferometry

ABSTRACT:

The new higkresolution synthetic aperture radar (SAR) satellite systems offer new possibilities foremasa sensing. COSMO
SkyMed and TerraSAKX operate in Xband and both can deliver data with a spatial resolution of up to one hligteresolution

SAR data is particularly useful for pedisaster damage assessment and monitoring, because SAR systeates @ma3 weather
independent. Interferometric SAIWSAR) can be used to generate precise 3D models of urban anebssingPersistentScatterer

Interferometry(PSINSAR) urban subsidence can be measured precisely.

1. INTRODUCTION managemen(Balz et al. 2008) High-resolution SAR was, for
example, widely used to monitgShaoet al. 2008) the se

Comparable to # tremendous improvements in the remotecalled quake lakegStone 2008)High-resolition SAR can also
sendng sciences caused by the successful launch of IKONOS ige used for damage sessment in urban are@®alz and Liao
1999, the radar remote sensing sciences will benefit from thgoog) which will be deronstrated in sectioB.
new commercial highesolution spaceborngynthetic aperture The weather independence is not the only advantage of SAR
radar (SAR)satellite systemsCOSMO-SkyMed(De Lucaet al.  sygems. SAR systems can precisely neasdistancesUsing
2007) Radarsa? (Thompsonet al. 2008) and TerraSARK  two receiving antennaand atechnique called interferometric
(Einederet al. 2005) provide spaceborne SAR data in spatial SAR (InSAR) digital elevion models (DEM)an be geneted
resolutions not available beforaWith resolutions of up to one |nstead of using two antennas at the same tivhégh is called
meter thedatacan be usetbr urban remte sensing. singlepass INSAR, the same sensor can accgeta twice at
SAR has several disadvantages in urban areas, which are relatgflerent times,which is called multipass INSAR. This teeh
to the wavelength and oblique viewing geometry of SAR sysni que is used Inyhiswaydhayyatesblesat el | i
tems. In sectior?, we describe the problems of SAR remote acquire precise height models, which will be shown iriced.
sensing in urban areas. Using interferomisic SAR data acquired over a lotigie, per
But, SARalso has some unique adtages. One advantage is sistent scatterers (PS) can be determinated asenadd. This
the ability to acquire data under almost all weather conditionsgllows for even more precise measurements of height differ
at day and night. SAR systems are active systems, i.e. th@nces. This tectique is called Persistent Scatterer Interferome
transnit and receive their own energy. Therefore, they are intry (PSInSAR) (Ferreti et al. 2000, 2001)and can be used for
dependent of theun. The transmitted mizwaves can penetrate subsilence mesurement(Hilley et al. 2004) Typically, this
clouds; hence, SAR systems can acquire data even during baghuires a huge amount of datdsing small stack®SInSAR,
weather conditions. Extreme weather conditions, like for examsubsidence can be measd with less data. This is described in
ple very heavy rainfall, can fiwence and even hinder the data section5. Finally, cortlusions will be drawn.
acquisition thoughThis happens rather seldom though.
This unique advantage of SAR systems is extremely importarg. HIGH -RESOLUTION SAR DATA OF URBAN AREAS
in time-critical applications. After the Wenchuan Earthquake
(Passonset al. 2008)on May 12, 2008, heavy rainfall hindered SAR systems acquire images from an oblique viewing gegme
the use of optical remote sensing sywein the affected area The geometry differs in azimuth directiomhich is the heaihg
SAR was for some regions the only available spagge data direction of the sensagulatform and range directionyhich is
source in the days following the earthquaB&R is widely the direction of the radar signal andnisrmally pemperdicular
used for postseismic damage assessme(Bhinozukaet al.  to azimuth.
2000; Yonezawa and Takeuchi 2001; Matsuoka and Yathazaln azimuth, the geometry depends on the DoppléecEf For
2005; Stramondet al. 2006; Gambaet al. 2007; Chiniet al nonmoving objectsa SAR system can reach very higsolu
2008) Typically predisaster data is compared with post tions in azimuth. In rargdirection the position of an objest
disaster databut this was not possiblafter the Wenchuan determined by the runtime of the signal, which directly corre
Earthquake because almost no pwtisaster higkresolution lates to the length of the signal path. This leads to several typi
SAR data was ailable. Nevertheless,TerraSARX and  cal SAR effects, which only occur in range direction.
COSMOSkyMed ddéivered important data for thelisaster
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The first effect, the soalled layover, is visible inFigure 1. where R, and R, are the Fresnel Reflection Cdefént of
Figure 1 shows the Mingsheng Bank building in Wuh@hina
The buildng is 331.3m height and is the tallest building in
Wuhan. It was the 1Btallest building in the world when it was Ko is the wave numbet. is the length of the flat rectangular
finishedin 2007. The image was acquired as part of the Wuhaplate (see Dongt al. 1997),A is the area of the wall, and is
University TerraSARX test site, a joint project between the the aspect angle. The aspect angle is the orientation of the
Wuhan University Beijing Spot Imageand Infoterrato pro- pyilding relating to the looking direction of the sensor with

mote the use of highesolution SAR images. F=0° i . . . -
The image inFigure 1 wastaken from an ascending orbit and if the wall is perpendicular to the looking direction.

was illuminated from the left sideThe building can clearly be
recognized. Strong reflections occur on the edge of the buildin
and at the rooftopThe cornerreflection at the foot point is

clearly identifable. The top of the building can be seen far on e
the left side ofFigure1, whereas the bottom is in the center of @
Figure 1. This is the saalled layover. Because the top of the |

building is closer to theensor and because the position of an
objectinrange dependseni grntalmes of fl i ght
roof ismappedcloser to the senstinanthe bottom.

the wall and the ground respectively. is the incidence angle,
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corner-reflection

Figure 2. TerraSAR-X spotlight image from October 18,
2008, acquired in VV polarization from a descenihg orbit.
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The extreme doublbounce reflection of the Mingsheng Bank
building is therefore related to the extreme heiglitthe
building, becauses ,, shows a quadratic dependence with the

wall area and due to the very small aspectglef . Addition-

ally, the small lake in front of the building strongly reflects the
incoming energy from the radar withhigh Fresnel Reflection
Coefficient, amplifying the extreme backscattering. Due to the

Another effect caused by the oblique viewing geometry is thé"’lke In_nearange, even tripkeounce reflect_lons can be -0b
radar shadow. The dark area in the center of the image is r.?grved.Trlple-bouncmg IS not very common in SAR Images of
shadow though, it is a small lake. Calm water acts like a mirroffPan areas. But, tripleouncing frequently ecurs at bridges
in X-band SAR imagesherefore the energy transmitted by the over water(Leeet al. 2006).

SAR sensor is forward scattered by the lake and is not backscat

tered to the sensor; hence, lakes appear dark in SAR images.
Figure 2 shows the same area Bigure 1, but the image was
acquired from a descending orbit. The image is therefore Hlumi
nated from the right side.

The doublebounce at the descending imadég(re 2) is very
strong and the sidiebes of this extreme reflectionrtde seen
throughout the whole scenBoublebouncing occurs when mi
crowaves are forward scattered by a smooth surface, for-exal
ple a lake, hit another surface, for example a building, and al
scatteredackto the sensor.

The radar cross section (RC®) the double bounce scattering
from a building can be approximated using the physical optic
approximation (Dongt al 1997):
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Figure 1. TerraSAR-X spotlight image from October 31,
2008, acquiredin VV polarization from an ascendng orbit.

3. HIGH -RESOLUTION SAR FOR POST-DISASTER
DAMAGE ASSESSMENT IN URBAN AREAS

The new highresolution SAR satellite systems have been used
for damage assessment and ghisaster risk monitoring after
the Wenchuan &thquake from May 12, 2008. Highsolution
SARis a reliable data source, because of itsvatkthelimaging
capailities. In disaster management, this is a crucial point. But,
"BAR data is difficult to interpretBecause of the olgue
r\(ﬁewing geometryof SAR, ambiguities and occlusions hinder
the SAR image interpretation, especially in urban and moun
tainous areas.

th Figure3, a TerraSARX image of Beichuan can be seen.-Bei
chuan was severely damaged by ¥Menchuan Brthquale and

- L by eartlguake induced landslides. Beichuan is located in a deep
5,01 R, @7 ADsindy cod &ink A sng sio § valley, a difficult terrain for radar remote sensing.
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The SAR imageshownin Figure3 was taken from a descending Ascendingdescending image pairs are therefore recommended
orbit; hence the sensowas looking from he right side. The for SAR image interpretation in urban and mountainous areas.
landslides on the western sides of the moustdikke for exam But using asceridg-descending image pairs reduces the-tem
ple the secalled NewMiddle-School Landslide, can be identi poral resolution. To improve the temporal resioln, different

fied in ths SAR image. sensor systems should be used togettigeful conbinations do

not only include ascendirgescending image pairs, but also
combinations of imagingnodes with different resolutions. The
COSMOSkyMed image from Beichuan shownHigure5 was
acquired in spotlight mode. The image has a spatial resolution
of one meter The stripmap images shown iRigure 3 and
Figure 4 have a spatial resolution of three mster

New-Middle
School Landslide
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Figure 3. TerraSAR-X stripmap image of Beichuan acquired  Figure 5. COSMO-SkyMed spotlight image acquired from
from a descending orbit on May 15, 2008. an ascending orbit on May 14, 2008.

But, due to foreshortening and layover, the landslides on theFigure5 shows two bridgein Beichuanwhich aremarked with
easern sides cannot be identified. For this purpose, a secoragh ellipse inFigure 3 and Figure 4. The status of the bridges
SAR imagetaken from an ascending orbi¢ neededFigure 4 cannot be determined in the stripmap images, but the spatial
shows a TerraSAKX image of Beichuan acquired from an resolution of the spotlight image is highaughto identify the
ascending orbit, two days after the image showRigure3was  damages The westernbridge collapsed, whereas tlastern
taken. InFigure 4, the landslides on the western sides are nobridge is only damaged, which can be seen in the shadow casted
identifiable. by the bridge.
In Figure6, three SAR images of Dujiangyan city can be seen.
Dujiangyan is located near the Zipingpu dam (Kerr and Stone
2009). Figure 6(a) showsa COSMGSkyMed image acquired
from a descending orbit on May 13, 2008, one day after the
quake. It was the first higfesolution SAR image from the area.
The high and chaotic reflections of the buildings near the street
are indicators for possible building damages (Balz and Liao
2009). The COSM&skyMed image has strong sidelobes all
over the image, disturbing the interpretations.
Figure 6(b) showsa TerraSAR-X spotlight imagetaken on
May 15, 2008from a desending orbit. The spatial resolution is
higher and the image has much less sidelobes. The buildings
near the streetlso havestrong and chaotibackscatterIn
Figure6(c), a Terr®@AR-X stripmap imagecquired on May 22,
2008, from an ascending orbit can be seen. No strong
Wangjiayan reflectionsare visibleand the buildings near the street seem
Landslide undamaged on the first glance. But, although thel®lvais
almost linear, the layover seems chaotiwhich is also
indicatingseverebuilding damage.
The TerraSARX images seernalearerand they suffer less from
sidelobes in the Dujiangyan scenes. But, as can be seen in
Figure®6, the differenes are rather small. Differences caused by

different looking angles, image modes, and orbits are more
Figure 4. TerraSAR-X stripmap image of Beichuan acquired  sjgnificant.

from an ascending orbit on May 17, 2008.









