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ABSTRACT : Two sets of high-resolution SAR imageries fronnrd8AR-X were used to
calculate radar characteristics like correlatioefiadent and backscatter difference for
building damage detection after the 2010 Haiti leprake in the city center of
Port-au-Prince. The Normalized Difference Vegetatimlex from a Quickbird image was
used to delineate non-vegetated areas. The thoegahies for correlation coefficient and
backscatter differences were determined to findctienge. By our threshold values, we
could achieve reasonable detection accuracy in &mg-moderate-density areas.
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INTRODUCTION

Time factor is an important part in disaster sitwatand in such situation remote sensing can be a
great boon. Remote sensing is the science of aoguprocessing and interpreting images that record
the interaction between the electromagnetic enanglymaterials (Sabins 1996).With the advancement
of technology, satellite remote sensing has becargeeat tool in disaster studies and found wider
application including building damage detection yekiet al. 2002, Saito and Spence 2004, Yamazaki
et al. 2005).

Depending upon the sensor type, satellite systembeabroadly divided into active and passive
systems. Passive sensors as in optical satellistersg (e.g., lkonos, QuickBird, GeoEye,
WorldView-1, 2) usually depend on the solar endagyimage recording whereas in active sensors as
in a radar satellite system energy is emitted bglfitand thus it is being used at both daytime and
nighttime. Beside that a radar system like synthatierture radar (SAR) can penetrate clouds giving
its advantage over an optical satellite in recaydime surface condition in needy hours. This is the
reason why SAR has been utilized in the disastaatsons including earthquakes, floods and so on
(Matsuoka and Yamazaki 2004, 2005, 2010; Stramahdd. 2006, Rathje and Adams 2008, Thao et
al. 2010).

Radar satellite systems operate in different baliids L-band (frequencyf: 1-2 GHz and
wavelength, : 15-30 cm), C-bandf:(4-8 GHz and : 3-7.5 cm), X-bandf( 8-12 GHz and : 15-30
cm) and so on. The common choice of the radar lolepénds upon the application desired. Some
currently available SAR satellite systems are PARSAerraSAR-X, Radarsat, and ERS. PALSAR



(L-band,f: 1.27 GHz, : 23.6 cm) from JAXA captures the images in thremlaes with resolution of
7-88 m at varying angle of incidence (8-60 ). ER8zlbandf: 5.3 GHz, : 5.5 cm) from European
Space Agency produces images in 30 m resolution, pdlarization at an angle of 23 degree.
Radarsat-1 (C bandt, 5.40 GHz : 5.5 cm) from Canadian Space Agency is HH poléonasystem
and captures images in 8-100 m resolution at vgrgimgle of incidence (10-60 ). Radarsat-2 is also
C-band but has different polarization combinatienwaell as high-resolution (up to 3m) acquisition
capacity. TerraSAR-X (X band; 9.65 GHz, : 3.11 cm), a satellite from German Space Agency
(DLR) can acquire wide spectrum of data with déf@rpolarization combinations. The resolution of
image varies 1.1 to 18 m taken at incidence anfjl20eb5 . COSMO-SkyMed from Italian Space
Agency is an X-band system and has capacity touymethe image of ground resolution of 1-100 m.
High resolution images (1-3 m) from COSMO-SkyMed available only in single polarization mode.

Depending upon the satellite system employed, dzatter characteristics varies. This is because
the backscatter characteristics are different far different wavelength, angle of incidence and
orientation of objects because of the surface roeg$, permittivity and permeability (Lillesand and
Kiefer 2000, Matsuoka and Nojima 2010). Likewiske tazimuth resolution is higher for shorter
wavelengths while penetration power is more in dargravelengths. Similarly, same feature can
appear different for different wavelengths. As ao€ roughness is defined in terms of the radar
wavelength, same surface which appear smooth magaapough at a longer or sorter wavelength.
When the object like a building is along the directof SAR illumination, it will be seen bright the
SAR image due to the corner reflection.

X-band is highly sensitive to small changes andchecan be employed in the urban change
detection. With the advent of high-resolution SARagery (on the order of a decimeter) from
TerraSAR-X and COSMO-SkyMed, it has become posdiblemeasure the precise change and has
found wide application in different fields like agulture, urban land-use and so on. Many features i
urban areas can be identified which is importanthi@ aftermath of a disaster like a devastating
earthquake. Many researches have carried out éisaginitoring and building damage detection
using SAR images. However, the researches on hgildiamage detection are on a block level, not in
an individual building level. In this paper, we tryextract damaged buildings at an individual léwve
Port-au-Prince, the capital of Haiti, using pred gost-event high-resolution TerraSAR-X intensity
images.

THE 2010 HAITI EARTHQUAKE AND DATA EMPLOYED

Haiti is the poorest developing country in the westhemisphere. Its capital is Port-au-Prince, Wwhic
is located on the south of country on the bay at-Bo-Prince. The capital was established in 1749
AD, where about 30% of Haitian population live dadhe powerhouse of the country as more than
90% of investment and the formal jobs are founde H{&epublic of Haiti 2003). The population of
Port-au-Prince was just 9,400 in 1789 and afterO185ncreased in such a way that estimated
population in the year 2008 was 2.7 million (UN-HARBT, 2009). Regarding the housing type
distribution in Port-au-Prince, Kayate (combinedfrand walls) comprises 0.3%, Taudis/Ajoupas
(housing made mainly of waste construction matefatluding stone/wood) 2.5%, ordinary one-story
house 62.5%, ordinary multi-story house/apartmén8% and others comprise 4.2%, respectively.
Kayate and Taudis/Ajoupas are houses made by ibre $imilarly, the dominant wall types of Haitian
houses are follows: earth (74.1%) in Kayate, egt#h6%) in Taudis/Ajoupas, concrete/blocks/stone
(75.7%) in ordinary single-story house, concret&.§%) in ordinary multi-story house/apartment
house, and concrete (48.2%) in other housing typeditute Haitien de Statistique d’information
2010 cited by Eberhand et al. 2010). Ground observay Cambridge Architectural Research (2010)
reported that most of the houses were 1-2 stonedsvast majority (65-75%) is reinforced concrete
(RC) type.

Though the country has been frequently affecteddiyral disasters like hurricane, landslide and
flood, major earthquakes had not occurred for @ lbme. Past notable earthquakes include those of
1701, 1751, 1770 and 1860 (USGS 2010). After ald&it years of time gap, an earthquake of
moment magnitude 7.0 hit Haiti on January 12, 2800:53 PM local time, affecting many parts of
the country including cities like Leogane, Jacniadfit-Goave and Port-au-Prince. The epicentre was



located at Leogane (Lat. 18.44°N, Long. 72.57°Vput 17 km from Port-au-Prince. The depth of
earthquake was 13 km. This earthquake severelytaffeHaiti: 217, 000 people died, more than
300,000 people were injured (Eberhard et al. 2@H@) about 3 million people were affected out of
which 2.1 million people have been displaced (UNIDRO).

Many important structures including PresidentidbPa, National Cathedral, and Headquarter of
United Nations Stabilization in Haiti (MINUSTAH) we severely damaged. In a total of 403,176
buildings were damaged (UNDP 2010). Besides bugldiamage, liquefaction (Olson et al. 2011) and
local tsunami (USGS 2010) were also reported du¢hi® earthquake. Economic loss from this
disaster is estimated as USD 7.9 billion, whicjugt over 120 percent of the country’s gross doimest
product in 2009 (Government of Haiti 2010). Higlsealty and property losses made this event the
most deadly one in the history of Haiti. This eveass the most destructive event in any country when
compared with the death of people to the total faifmn of a nation in modern times (Cavollo et al.
2010).

The data employed in this research are from then@erTerraSAR-X satellite system, which
works at X-band (wavelength of 3.11 cm and freqyesf9.65 GHz). TerraSAR-X is the world’s first
earth observation SAR satellite with X-band sermuboard and has a repeat cycle of 11 days. A
pre-event SAR image was acquired on SeptemberQ0B @5 months before) and a post-event image
was obtained on January 14, 2010 (2 days afteg.adguisition mode of the images was StripMap
with HH polarization and an incidence angle of 29dggrees. The satellite path was ascending with
right-looking. These images have a ground resaolutb 3 m and pixel spacing of 1.25 m. The
employed data were Enhanced Ellipsoid CorrectedC{FEoduct with map geometry, projected into
WGS84 reference ellipsoid. Fig. 1 shows the locatind the pre-and post-event SAR images used in
this study. Out of the whole images, a target &oethe study was extracted as shown in Fig. 2.

Optical images were also used for assessing thiisdsom the TerraSAR-X images. A pre-event
image was from QuickBird (February 4, 2009) whitesppevent images were from GeoEye (January
13, 2010) and WorldView-2 (January 15, 2010).

(a) SAR data coverage area (b) Before (58p2008) (c) After (Jan. 14, 2010)

Fig. 1 SAR data used in this study and their cager Red rectangle in (a) shows the geographic
area covered by TerraSAR-X in Google Earth. Blwanegles in (b) and (c) show the study area.



DAMAGE DETECTION METHODOLOGY

Firstly, the study area was selected in the capitg] Port-au-Prince, covering downtown, the most
visible damage like the presidential palace, amdateas both common in optical and radar images.
Then an accurate positioning of two SAR intensityages was carried out. The next step was
re-sampling of the intensity images to alter thatisp resolution from 1.25 m to 0.6 m so as to make
comparison with the pan-sharpened optical images. &daptive filter (Lee 1980) of 21x21 pixel
window was applied to each SAR image to remove ldpawises. Since the radar image is in the
slant range, it has to be converted into the graande to represent the true feature and thisrg do
by radiometric calibration. Radiometric calibratioheach intensity image was carried out to get the
backscattering coefficient in the ground rangensignaught, °) from equation (1) (Infoterra 2008,
Breit et al. 2010). Radar characteristics, vizhhekscattering difference valud) @nd the correlation
coefficient ), were calculated within a different pixel windasize of the pre- and the post-event
images using equations (2) and (3). Finally a 21p&kl window size to obtaird and r was
determined in this study.

s =10log,,(CF* DN?)+10log,, (sing,,.) 1)
where °means the backscatter per unit area in the groanger CF is the calibration factor, DN is

the digital number of a pixel and, is the incidence angle, which can be found in @e®-coded
incidence angle mask file.

d=la - Ib 2)
N N N
N lalb - la, b
r = i=1 i=1 =1 (3)
N N 2 N N 2
N la’- la xN Ib?- Ib
i=1 i=1 i=1 i=1

where la;, Ib; represent thd-th pixel values (backscattering coefficients) bk tpost-event and
pre-event images, respectively dagd, Ib. are the average values of the 21x21 pixels suriogritie

i-th pixel. The correlation coefficient)(is a scalar quantity and its value ranges betwkdénand 1.0
and is used to find the measure of correspondegigeckn two-sample populations (Brown 1992).

Before (Sep. 17, 2008) After (Jan. 14, 2010) Color composite
(R: post-event scene,
cyan: pre-event scene)

Fig. 2 Radiometrically calibrated images of thedgtarea.
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Fig. 3 Classification of study area based on in densityAn example of each class is givfor
(a) low-density, (b) moderate-density, and (c) kigimsity areas.
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Fig. 4 (a) Urban derity of thestudy areaThe @ampled areas in each density cl
are marked from (i) to (iv), (b) color composite(R post-event scene, Cyan:
pre-event scene), (c) correlation coefficient,difflerence of backscatter coefficients.

Next the study area was divided into low-, moderaa@d high-building density areas from visual
observation using the pre-event optical satelfitage Fig. 3 shows the classification of the stugaa
based on urban density and an example of each tiasgo be noted that the division into diffeten
density areas could not be done quantitatively tdude lack of the GIS data of building polygon in
the study area. But regarding the sample areasanndnd moderate-density, there were 55 buildings
per 78,131 rhand 109 buildings per 46,925 mespectively.

Fig. 4 shows the result of urban classification #relcorresponding color composite, correlation
and backscattering coefficient maps. Fig. 4(a) shthe urban density and the sampled areas of each
density class while Fig. 4(b) is the color compmsgif calibrated SAR images (red: post-event scene,
cyan: pre-event scene). Red areas mark the possiateyes aftermath of an earthquake; cyan (Blue +
Green) areas represent decreased backscattergdyi@reas show the unchanged areas over the time.
Likewise, Fig. 4(c) and Fig. 4(d) are the correlatcoefficient and the difference of the backscite



coefficients (after—before), respectively. In thedy area, the correlation coefficient value ranigesh
-0.9 to 1.0 while the backscattering coefficieritedtence ranges from -28.1 to 28.2 dB.

Man made structures including buildings in an urbesa produce strong backscatter to the radar.
It can be seen more easily in a high resolution $A&ye as TerraSAR-X. Due to side-looking nature
of SAR, buildings facing to the SAR illuminationadk bright. In an urban area, double scattering
(corner reflection) from the ground to a buildingliffacing the SAR illumination is also common. As
radar collects information in the slant-range doma radar image inherently contains geometric
errors like layover, radar foreshortening and shandg (Campbell 2002). In an urban area, layover is
common as the response from the top of a buildimges earlier to the satellite than that from itseba
Fig. 5 shows a schematic diagram of SAR interaatiith a building.

Considering these backgrounds, we extend the sizbuiding polygons facing the SAR
illumination in a GIS environment. This is becaugesviously building polygons were drawn on the
basis of the vertical optical image while the SARRnination is side-looking. To illustrate this e
we took one sample area as seen in Fig. 6. Fotprirbuildings facing the SAR illumination were
extended equal to the layover length of the avefagght of buildings under consideration. The
layover lengthL=H/(tan ) was estimated assuming the average height adibgg as 10 m and using
the SAR incidence angle=39.32 degrees. The heights of buildings wereutatied from the optical
images using the elevation and azimuth of thelgatahd the sun as well as the length of shadsw ca
by buildings (Huang and Kwoh 2007, lwasaki and Yaahk&a2011).

There are altogether 29 building polygons out ofcWi2 were G-5, 4 were G-4, 1 was G-3 and
rest 22 were G1-2. When we overlay different thokshvalues of the Normalized Difference
Vegetation Index (NDVI), the effect of vegetatioarficularly trees was seen in the extended part of
damaged buildings. So, rather than using extendeipriint we use the building footprint only in this
case of Port-au-Prince.
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Fig. 5 Schematic diagram of ideal scattering feotgpical building. Here p, g, r, s, and t areugr
reflection, corner reflection, wall reflection, foeflection and no response, respectively.
(Adapted after Brunner et al. 2010)



(a) 0.2 (b) 0.3 (c) 0.4

Fig. 6 Example of selection of thresholds by al &ind error method for NDVI. Different values

were overlaid to the false color composite of treegvent image. Concept of footprint extension is

also shown in (b). Red polygons in (b) represeatahilding footprint while blue polygons are the
extension of building footprint to accommodate ithal situation of SAR.

DAMAGE DETECTION FOR MODERATE- AND LOW -DENSITY AREAS

One of the methods for detecting change from naghas thresholding. Thresholds can be
selected generally using two methods: (a) interaadr manual trial and error procedure — in which
analyst interactively adjusts the thresholds araluates the resulting image until satisfied; and (b
statistical measures — in which analyst selectsitatsle standard deviation from a class mean (Singh
1989, Deer 1995, and Yool et al. 1997 cited by Lale2004).

NDVI from the pre-event QuickBird image was cal¢athin order to remove vegetated areas to
avoid false extraction of building damage. For adyoesult, the pre-event optical image, from which
NDVI is to be extracted, should be of similar timith the earthquake event. In our case the preteven
image was from February while the earthquake ewastin January. When we observe the climatic
condition of these two months, these months aresdagon with little precipitation so there is much
similarity of the vegetation condition. NDVI valudepends upon the vegetation activity and differs
from place to place. Miura et al. (2009) has u$edshold value of 0.4 to separate the vegetate are
using a post-event image in their study for the&@08va earthquake. For our case, a trial and error
method was used to find the proper threshold vedu&DVI and comparing different thresholds that
the most suitable NDVI with minimum commission &rto the buildings was 0.3. So, we chose a
NDVI value of 0.3 for the separation of vegetatad aon-vegetated areas.

Regarding the choice of threshold values of theetation coefficientr) and the backscattering
difference (), a trial and error method was employed to ddtezidamage distribution and finally the
threshold values were determined. For this caseseene sample area as in Fig. 6 for getting tee be
threshold. We overlaid the different values of thandd and looked out for values giving more
precise damage detection. Regardindor Grades 4 and $=0.30 is better while for Grades 1-3,
r=0.20 is better. Considering the minimization o toth sides of error, we selecteeD.25 for the
reference value. Regarding high negative backscatter, wekddtkwith values from 3 to 5 dB. The
value ¢l 3 dB could get the large G5 extraction, but marers for G1 & 2. Sod 4 dB was
selected. For positive high backscatter, we alszkdd with values from 3to 5 dB. 3.0 dB is best
in this sample area but some commission error$oared in other areas. So, we decided todise4
dB. From these observations we conclude that fergikien site, the minimum correlation and high
backscattering difference offering a good resulbagndifferent choices for the damaged building was
the threshold of 0.25 andd| 4 dB and hence these thresholds were taken fototke and
moderate density area&n example of obtaining threshold for the backissatg difference is shown
in Fig. 7.



Fig.7 Example of selection of thresholds by d &ra error method farandd in low- and
moderatedensity settings. Best threshold values obtained wither 0.25 ordl| 4 dB and this is
indicated in the central figure with red square.

Regarding the accuracy of damage detection by S#dRapplied these threshold values to the
study areas with low-density, moderate-density aigh-density, determined from the pre-event
optical satellite image. Because of the availabitif the post-event optical images, they were also
utilized for the classification purpose. For therdland moderate-density areas, damages to buildings
(Grades 3, 4 and 5 in the EMS-98 scale) were tearesf from the post-disaster need assessment
(PDNA) survey atlas to a GIS environment by drawtimg building polygons over the vertical satellite
images. The PDNA atlas was prepared by UNITAR/UN@SAcollaboration with different agencies
including the World Bank (UNITAR et al. 2010) forogt reconstruction efforts. As UNOSAT
inventory has detail of damage grades, it has bdssnused by other researchers (Rathje et al. 2011,
Booth et al. 2011).

The threshold values for the ND\Wlandd were overlaid on the building footprints and th&a
was calculated to determine the percentage of a@ayed by these threshold values; an area with
NDVI 0.3 and either 0.25 or d| 4 dB. By overlaying values of damaged pixels witlai
building footprint, we perform the individual buildy damage detection and subsequent damage grade
classification.

Fig. 8 shows the result of the areal percentdyp lfy the criteria above mentioned upon the
building footprints of different damage grades loasa the EMS-98 scale. We used the cumulative
probability distribution ofR, of building footprints of different damage gradies determine the
thresholds for the classification. Ty, value, which gives the maximum vertical distanetnween
the cumulative distribution curves for G1-2 and G3nd theR,, value, which gives the maximum
vertical distance between the cumulative distrinutturves for G3-4 and G5, were chosen graphically
The producer accuracy/) of different damage grades is plotted by theisartarrows. We tried to
classify the damage grades in following combination(a) Grades 1-2, (b) Grades 3-4, and (c) Grade



5, based upon the thresholds obtained from th& F&p, if the ratio satisfying the threshold ciager
within a building footprint is less than or equal25% R, 25%) then it is considered as Grades 1-2,
if Ry is above 25% but less than 39% it is Grades 3d4faR, is more than 39% it is G5 (collapsed).
Fig. 9 shows the methodology adopted in this study.
When we took the intersection of low NDVI 0.3) and backscatter characteristics 0.25 or |
4 dB) for a low-density area as in Presidentidh®ain Fig. 10 (up), it was found that out of 10
collapsed building footprints (Grade 5), 8 buildifoptprints satisfy the threshold area ratio of enor
than 39%. As discussed in methodology, they arenasd to be collapsed buildings. Similarly, 3 out
of 6 buildings of damage Grades 3-4 and 6 out afdés 1-2 could be correctly identified. It is to be
noted that three G1-2 buildings were also idertiis G5. Radar backscatter is affected by thegfath

Fig. 8 Cumulative probability distribution curvelsowing the areal percentage satisfying the

threshold values from NDVI and backscatter charesties in a building footprint for different

damage grades in moderate- and low-density settitgy®n is the number of buildings in three
damage classes.
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Fig.9 Flowchart of the methodology adopted in this gi



a satellite, a layout of buildings and even vegatatVhen the orientation of a tall building is tasls
the radar path, the adjacent short buildings dextafd by the backscatter from the tall buildinisT
may happen to the main building in the presidentianplex and the undamaged building was
identified as collapsed one.

In Fig. 10 (down), there are 29 buildings. OutwbdtG5 building one could be identified while out
of 5 Grades 3-4 buildings 3 could be found coryed@ut of 22 buildings of damage Grades 1-2, 14
were correctly identified but one was misclassif#sdG5 and rest 5 were misclassified as Grades 3-4.
Low detection of collapsed building which were fagithe ground may be due to the fact that in the
urban areas, layover is common and it falls in frbuildings facing the SAR illumination. As the
building polygons are drawn based on the vertiptical image, many damaged building could not be
identified.

Similarly, when we took the intersection of low ND¥ 0.3) and backscatter characteristics (
0.25 ordl] 4 dB) for a moderate-density area as in Fig. ), (we noticed that out of 2 collapsed
buildings, 2 buildings could be correctly identifidy these threshold values (the area percentage
within a building footprint 39% for G 5). Out of 4 Grades 3-4 buildings 2 dobk correctly
recognized. Similarly out of 16 G1-2 buildings, Guld be correctly identified but 3 and 6 buildings
were misclassified as G4 and G5 respectively.

Regarding the Fig. 11 (down) there are 87 buildings of which 19 were Grade 5, 30 were
Grades 3-4 and 38 were Grades 1-2. Using our tbidskalues we could detect 15 out of G5
buildings. Similarly out of 38 damage Grades 1-#dings, 23 were correctly identified but 10 were
misclassified as G5 buildings. Here many undamamglding along the road and also in the direction
of SAR illumination were also detected as damagdds may be the effects of layover and corner
reflection from the road adjacent to the buildings.

€Y (b) (c) (d)
Low-density Are. (i)

(@) (b) (€) (d)
Low-density Area (ii)

Fig. 10 Examples of low-density areas (Sangwkas (i) and (i) in Fig. 4(a)). (a) Color
composite (Red: post-event scene, Cyan: pre-egent$, (b) Pre-event QuickBird
image, (c) Post-event GeoEye image and subsequeriay of low correlation;  0.25
and low NDVI ( 0.3), (d) Overlay of high backscatter differeragté | 4 dB: yellow
color shows high negativeewhile orange color shows high positige



Table 1 shows the error matrix for the low- and erate-density areas. Out of 33 G5 buildings,
26 buildings could be correctly identified whiletaf 45 G3-4 buildings it was 14. For less-damaged
buildings, 50 buildings were correctly identifiedtof 86 G1-2 buildings. Compared to Grades 3-4,
producer accuracy for G1-2 was high, suggesting ttha groupings for the classification would be
better. The producer accuracy for the G5 buildiwgs 78.8% while user accuracy was 44.1%. The
overall accuracy was 54.9%.

If we compare the results with other studies reiggrdhe accuracy, Matsuoka and Yamazaki
(2004) used the linear discriminate analysis in algendetection for the 1995 Kobe, Japan earthquake.
They achieved 78% overall accuracy. Likewise, Gamgbaal. (2007) used SAR image (30m
resolution) for the 2003 Bam, Iran earthquake dntdioed the producer accuracy ranging from 65 to
75%. Similarly, Giovanna and Gamba (2009) usedddmeage detection in the 1999 Golcuk, Turkey
earthquake using ERS-1 and ERS-2 SAR images and a@e to obtain overall accuracy ranging
from 53.5 to 60.6%. All these damage detection waghwere used for the block level not in an
individual building level. So, we cannot directlpropare our results with them because of the
different data type, urban context as well as diffié approach of damage detection. However, our
result is considered to be in an acceptable level.

(@) (b) () (d)
Moderatt-density Are. (iv)

@) (b) (©) (d)

Moderate-density Area (iii)

Fig. 11 Examples of moderate-density areas (saarpkes (iii) and (iv) in Fig. 4(a)).
(a) Color composite (Red: post-event scene, Cyamepent scene), (b) Pre-event
QuickBird image, (c) Post-event GeoEye image amdeguent overlay of low
correlationy 0.25 and low NDVI ( 0.3), (d) Overlay of high backscatter difference
|d| 4 dB:yellow color shows high negativkewhile orange color is high positive



Table 1 Error matrix for low- and moderate-densitgas

Truth data

()]
gg G1-2 G 34 G5 Sum User accuracy (%)
887 [G12 50 | 19 3 72 69.4
éé@ G 34 15 | 14 4 33 42.4
285 G5 21 12 | 26 59 44.1
23 | Sum_PDNA 86 45 33 164
& Producer accuracy (% 58.1 31.1 78.8

Overall accuracy (%) 54.9

DAMAGE DETECTION FOR HIGH-DENSITY AREAS

Regarding the high-density area, area-based dassgeation was carried out as it was difficult
to extract the building footprint. Vegetation wasnoved by the threshold NDVI value of 0.2 because
in this case, we must remove vegetation withinaclland we found that this value is most suitable
for that objective.

Figs. 12 and 13 show two sample high-density bledksre we have used the area-based damage
estimation. For this purpose the threshold values fust evaluated in the sample area (vi). We
compared the different threshold valuesradndd. We noticed that backscatter difference was not
significant compared to the correlation in detegtdtamaged buildings. This may be due to the fact
that when buildings are very near to each otheckdmtter contribution from the wall (corner
reflection) is less and roof is mainly contributitigthe backscatter returns to radar hence thdosvis
backscatter even in the normal condition. After tlieaster, damaged buildings will have less
backscatter and this was more clearly seen fromctireelation thresholds than the backscatter
difference. So, we only used the threshold valueoofelation.

We did visual damage detection of the buildingngshe temporal optical images as well as took
the reference of the PDNA map in the high-densdygle areas. The damaged building points
(Grades 3-5) were then superposed on the difféheeshold values of in a GIS environment. The
area with highest incorporation of damaged buildimgs selected for the threshold and we get the
best result withr  0.10. Hence 0.10 was determined as the threshold and it wsxswded for the
evaluation in the next sample area. We calculdteddtal area covered by low correlation, the afea
vegetation, and the net block area (the block ar¢lae vegetated area). The area extracted by the
threshold {( 0.10) was divided by the net block area to evaltia¢ probable damage ratio.

The area covered by the threshold values in thesesampled blocks is 19,510° while the net
block areas is 147,426°nSo0, the possible damage area corresponds to 24BA% of the total. The
reason of the low detection ratio from the SAR iemgight be explained by the density of the study
area. It is to be mentioned that although we usedPDNA's result as the truth data, it was produced
from the visual inspection of satellite and verdtiaarial images. But there is limitation of damage
detection from vertical images as damages to sideuibdings cannot be observed. Use of oblique
photography like pictometry (Saito et al. 2010) nb@ymore useful than the vertical optical images in
comparing results of building damage detection f@AR. Survey data from the ground is, of course,
more accurate and essential for detailed assessment



@ (b) (©) (d)
High-density Area (vi)

Fig. 12 Example of extraction of threshold forthidensity area (sample areas (vi) in Fig. 4(a)).
(a) Color composite (Red: post-event scene, Cyamepent scene), (b) Pre-event QuickBird
image, (c) Post-event GeoEye image and subsequeriay of low correlation;  0.10 and low
NDVI ( 0.2) (d) Overlay of damage grade points (Red: Grange: G 4 and Yellow: G 3) on
the best threshol

(a) (b) (©)
High-density Area (v)

Fig. 13 Example of application of backscatter shid for high-density area (sample areas (V)
in Fig. 4(a)). (a) Color composite (Red: post-evadne, Cyan: pre-event scene), (b) Pre-event
QuickBird image (c) Post-event GeoEye image andemient overlay of low correlation,
r 0.10 and low NDVI ( 0.2).

CONCLUSIONS

High-resolution SAR intensity images from TerraSXRvere used in detecting the building damages
for the 2010 Haiti Earthquake. Building damage diiba@ considering side-looking nature of SAR was

introduced and used in the extension of buildingygans to the direction of SAR illumination.

Because of the contamination by vegetation in #tereled part, it could not be used in our cases Thi
extension concept might be more effective in bogddamage detection in the places where there is
little effect of vegetation to buildings. We calatdd the correlation coefficient and the backscatte
difference from the pre- and post-event intensiyages and the threshold values from them were

evaluated into three different building densityeardow-, moderate- and high-density.

We could detect damaged buildings at an individuailding level in three groups: damage
Grades 1 and 2, damage Grades 3 and 4 and damade &m the low-, and moderate-density areas
with low correlation and large backscattering difeces. Detection of collapsed buildings (Grade 5)
could be done with producer accuracy of 78.8% asat accuracy of 44.1% and overall accuracy of

all groups was 54.9 %.



Area-based damage detection was introduced for-degisity areas because building footprints
were difficult to construct there. The accuracydafmage detection was not so high to these areas. To
assess to accuracy of the damage detection fromiaRsity images, however, more reliable ground
truth data are necessary.
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