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Abstract

Natural disasters have been hitting hard to théemiht parts of world creating a miserable
situations. In the past time, it was often difficth know the level of disaster damage to the
concerned authority because of quick inaccessittditplace or lack of reliable data. However, with
the advancement of the remote sensing technologysituation has greatly improved. Remote
sensing has become an indispensable tool in thestdis management. Currently, it has been
possible to get the high-resolution satellite insagker the disaster occurs.

An earthquake rocked the region of Abruzzo in cdntaly on April 6, 2009. The epicenter was
near the L'Aquila and hence the earthquake is camiaown as the 2009 L'Aquila earthquake.
L'Aquila, the capital of Abruzzo, and surroundinages suffered most damage. 307 people died
making this the deadliest earthquake to hit Itahge the 1980 Irpinia earthquake. The earthquake
caused injury to more than 1,500 people and madeita®5,000 people homeless. This study
carries out the building damage detection usinditge-resolution SAR imagery.
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1. Introduction

Disasters are untimely event and often causing spidEad damage to lives and property. The more
wider definition states disaster as a seriousugigsn of a community or a society causing
widespread human, material, economic and envirotethéssses which exceed the ability of the
community or society to cope using its own levethsd resourcef].

The importance of timely action in disaster sitoatis of utmost importance. Remote sensing
especially satellite remote sensing can help @yoproviding the data of large region of affected
areas without being there physically. Remote senisiihe science of obtaining information about
an object, area or phenomenon through the anabfstata acquired by a device that is not in
contact with the object, area or phenomenon undegstigation[2]. Broadly, satellite system
employs either optical or microwave sensors. Optiemsors are affected by the local weather
condition whereas radar system like synthetic apentadar (SAR) is free from this constrain. SAR
image is obtained from the coherent image sys$tdnand is extraordinary for its capability of the
recording the surface condition of the target rélgas of weather or the solar illumination. Because
of this characteristics SAR is a powerful tool amals been utilized in the disaster situations
including earthquakes, wildfire and so ph. In this paper, we analyze the damaged buildings of
the L’Aquila city center in Italy using high-resdilon SAR images.

2. The 2009 L'Aquila Earthquake

Italy (Fig. 1) in general and L'Aquila area in particular hactbeseverely affected by numerous
earthquakes in the past. Notable past earthqualchsde that of 1315, 1349, 1461, 1703, 1706,
1915, and 19585]. An earthquake of magnitude 5.8 on the Richteresdél3 on moment

magnitude scale) hit the Central Aburruzo regiortaify on 6th April, 2009 at 3.32 am local time



affecting many human settlements throughout thdoregThe depth of earthquake was 8.8
kilometer. Figure 2 shows shake maft] of the earthquake-affected region. This earthquake
severely affected old city of LAquila. Three huedrseven people died, more than 1,500 people
injured and about 65,000 people had been made bsméWlany important structures including San
Salvatore Hospital, which was the crucial hosgEtatem in LAquila area, had to be evacuated due
to the high damage levgl]. It was the deadliest earthquake in Italy aftemigoearthquake in 1980.
This article describes the use of the high-resmfutiadar satellite images in earthquake damage
detection in urban areas of L'Aquila.
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Fig. 1: Map of Italy Fig. 2: Shake map of L'Aquiaea

2.1 The 2009 L'Aquila earthquake and SAR data

Data employed in this research is from the TerraSARX- band) satellite system. This X-band
data has the wavelength of 3.1 centimeter withfteguency of 9.6 Gigahertz. Data include one
pre-seismic data (Feb 6, 2009) and other post-seigApril 13, 2009)as shown inFig. 3.
Acquisition mode of these data is strip with paation HH (single). Incidence angle is 39.2 degree.
The path of satellite is ascending with right lodihese images have spatial resolution of 1.25
meter. The employed data was standard product é24)it was radiometrically corrected, sensor
corrected, geometrically corrected and mappedctrtmgraphic projection by the data provider.

Before Feb 6, 2009 After April 13, 2009
Fig. 3: SAR data of L’Aquila area (the blue portisrthe area of concern)



2.2 Basic principles of SAR

SAR is an active sensor as it illuminates the tangéh its own energy and then records a portion of
an energy reflected back to it (commonly calledkisaatter). Wavelength is normally in the range
of 1 cm to 1 m corresponding to a frequency of 3fz@o 300 MHz. SAR creates comparatively
high ground (pixel) resolution as it simulates adoantenna by combining electrical signals
received by its sensor as it moves along a paaticick. Each pixel in intensity (amplitude)
images corresponds to the radar back scattering fite target. Backscattering coefficient is
dependent upon the local incidence angle of micvewalectrical characteristics, surface roughness,
moisture content of the target and wavelength efrticrowave. Man-made structures like metal
bridges or buildings typically show much corneleefion also popularly called the cardinal effect.
Because of the scattered reflection, open surfacdamaged buildings have low backscatter
reflectance Figure 4shows a schematic diagram of the surface objeudstlaeir backscattering
properties. The corner reflection of the buildirdgpends on the height and the aspect alégle
Aspect angle refers to the orientation of the bogdelative to the viewing direction of radar. The
backscattering coefficients obtained from pre amdtpevents SAR images, can be used for
change/damage detectipt, [9-12].
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Fig. 4: Schematic figure of the geometry of repeat pasdlgatobservation and backscattering
characteristics of the objects on earth’s surface

2.3 Damage detection methodology

After coregistering the two SAR images, re-
samplln? was done changing the resolution from |&
1.25 m o 0.6 m so that it can be compared to thel}
Pan-sharﬁ)en_ed 0.6 m QuickBird images. To remov
he speckle in the SAR imagery, Le€e adaptive filter
[13] with_ a 21x21 pixel window was applied to each
Image. The adaptive filter produces an accurateff
estimate of the backscattering coefficient inside |
homogeneous stationary areas while preservin
edge and texture theréefore preferable for SA
imagery.

Then each _intensity image was converted to
backscatter in ground range (sigma nau&,
(33 after Fiifz].

utilizing the equation (1), (2) and (3

Two parameters back scattering difference vadi)e ( : oo AR
and correlation coefficient r{ were calculated Before After
within a 51x51 pixel window of the pre and post-

event image using equations (4) and FS).

Fig.5 : Intensity images of the study area
o (db) = o(db) + 10logo (Sin Gioc) @

where,



o(db) =10log(Calibration factor*DN) (2)
.. =[GIM - (GIM mod10)]/100 (3)

Here orefers to the backscatter per unit area in slarggand o refers tdbackscatter per unit area
in ground range. Geocoded incidence angle mask Y@i&s the local incidence angle and it is the
angle between the radar beam and the normal itliuhenated surface. GIM mod 10 represents the
remainder of the division of GIM byl@igure 5shows thentensity images of the study area.
=1a - I (4)
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Here,la;, Ib; represent the i-th pixel values of the post-ewamt pre-event images respectively and
a], Ib are the average values of 51x51 pixels surrounthegi-th pixel. Similarly, we also
calculate normalized density vegetative index (NPUbing equation (6) from the post event

QuickBird optical image for comparison witlandd.

NDVI = (NIR -R)/NIR+R), (6)
Where, NIR and R represent digital number of a Ipixehe near infrared band and the red band
image respectlvely NDVI ranges from -1 to +1 anakg the amount of biomass within a pixeb]|

3. Result and discussion

Figure 6is the color composite image with a combinatiorpo$t event as red while pre-event as
green and blue bands. Red marks the possible chardermath of an earthquake. Likewiséy.

7 shows the correlation and back scattering diffeeemages. Values for correlation differs from -
0.5 to 1 while for the backscattering coefficieiffedence it is -11.4 to 12.2. The low correlation
values and high back scattering may be the placthéopossible damaged area. To check this one
case is presented hereHiy. 8. The composite image g 8(a)(Red: post event and Green, Blue:
pre-eventshows some bright spot indicating the possible ghaWe can notice the low correlation
and high back scattering in the area marked wittargle. QuickBird image of the same area also
indicates the building damage during the earthquake

Correlatlon (r) . Dierence (d)

Fig. 6: RGB color composite . . ) )
R: post event, G, B: pre-event Fig. 7: Correlation and backscattering differenceages



(a) Color Composite (b) Correlation

(c) Difference L
(d) QuickBird (2009.4.8)

Fig. 8: Correlation and difference map of a damaayea corresponding to the area (iv) in Fig.6

(a) SAR 2009.4.13 (b) 2009.4.8 (c) Overlay of
r 0.3 NDVI 0.16 correlation over NDVI

Fig. 9: NDVI and correlation map of L’Aquila area



We also used the post event QuickBird optical imégelltispectral, four bands) to calculate
normalized density vegetative index (NDVI). We apgepared images from low correlation values
(r 0.3) and low NDVI values (0.16) as seen iRig. 9(a)and9(b).

(@) (b)

Fig. 10: Layover of intersection between low NDVdldow r over QB image (a) case in a
damaged area corresponding to the area (iv) in &i@p) case in an undamaged area
corresponding to the area (ii) in Fig.6

(@) (b) (©)

Fig. 11: Overlay of intersection between high d ahaw NDVI over QB image. Here (a) and (b)
are from the damaged areas while (c) is the paykirea. Note that (a), (b) and (c)
correspond to the areas (iv), (i) and (iii) resgieley, in Fig.6

When the values of low correlation ( 0.3) were overlaid to possible damaged area (NDVI16)

as seen irFig. 10 we found that building damaged area was with MiBVI and low correlation
(Fig. 10(a)).However, some green areas with low NDVI are havivg correlation as seen Fig.

10 (b). From this, it can be inferred that vegetation lisady affecting the X-band imagery.
Likewise, comparison of high back scattering défeze () with low NDVI areas are shown in Fig.
11. Damaged building was observed with low N2 negative high backscattering difference
as in Fig. 11(a). This is obvious for the reason that once the Ingkl are damaged after
earthquakes, the radar sensor receives less b#tekdoam the damaged buildings compared to the
intact buildings. Howeverig. 11(b)shows damaged building with positive high backsecafl his
was the case of 5-storey student dormitory buildiwhich was totally collapsed Kkilling eight
people. This building was connected to others ingldut they did not suffer collap$&6]. If we
see the structure layout in the area, we can saentiact buildings surround the damaged building.



When the buildings are damaged, their surface moegges are increased than before leading to the
diffuse scattering from the damaged buildings. Ttasises increased response arisen from the
damaged building to intact building as seenFig. 12 (b) This in turn might have led to the
increased travel path of reflected radar signahftbe damaged building causing some shift in the
response from the damaged buildittjgh backscatter of damaged buildings is also tegoby
other researchef8, 11]. Vehicle parking area is also showing high backecats inFig. 11 (c)and

this may be caused by the vehicle parking afteetirehquake event.
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(a) (b)
Fig. 12: Schematic diagram of backscatter from (@jJamaged buildings (b) a collapsed
building in close proximity to undamaged buildings

4. Conclusions

Spaceborne high-resolution SAR images are reliabteweather independent data source. With the
advent of the high-resolution SAR images, new polgses in the different fronts including
damage detection in the times of emergency havévedoWe use high-resolution TerraSAR-X
SAR data for the damage detection in the 2009 Likagearthquake. Difference and correlation
coefficient between two TerraSAR-X images takerdiiferent time were calculated. NDVI was
calculated from QuickBird image and compared wiik tifference and correlation coefficients
from TerraSAR-X images. It was also found that Xddbamagery was sensitive to the vegetation
and therefore requires consideration in doing datgection in urban areas.
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