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Abstract—A building damage assessment method applied to the
case of the earthquake of Bam is proposed in this paper. It uses
two very high resolution images and focuses on the footprints
of the buildings. The need of an accurate registration of the
buildings is demonstrated; a registration method that improved
the damage assessment is proposed. It allows a classification
performance of the buildings among four damage grades up to
78%. The impact of a lower accuracy of the buildings roofs
segmentation is evaluated; we show that it mainly leads to
a decrease of the capacity to identify the partial damage on
buildings.

I. INTRODUCTION

Following a natural disaster, the local management authori-
ties need rapidly to know the location and the extent of affected
areas, along with the assessment of its impact on population
and material [1].The latter need to be gradually more precise
during the crisis, the post-crisis and the reconstruction. The
International Charter Space and Major Disasters [2] acknowl-
edges the usefulness of the satellite imagery to assess the
impact of widespread disasters. Presently, the assessment of
damage is visually conducted on images [1]. It is often difficult
to detect collapsed structures with a single crisis (post-disaster)
image. Accordingly, analyses rely most often on a pair of
images whose dates of acquisition encompass the event of
interest. The crisis image is registered and compared to the
ante-disaster one which serves as a reference, in order to
proceed to the comparison.

One field of interest in damage assessment is the evalua-
tion of the damage on buildings in dense urban areas. This
evaluation could be done focusing the visual analysis on the
shadows of the buildings or on the debris on the ground around
the buildings, but more generally it is conducted analysing
the roof of the buildings. Indeed, the perception of the roofs
is less affected by changes in viewing angle than other parts
of a building. Moreover, they are visible by means of remote
sensing and it is expected that they are less concerned with
other changes. This article is focused on the analysis of
damage on the roofs of the buildings. However the number of
buildings being important in urban areas, such a visual analysis
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is time-consumming. An automated data processing could help
[3].

Usually, medium resolution imagery fits the requirement of
an assessment at a regional scale, but they do not allow an
assessment of the performances of the methods, in absence
of ground-truth. Very high resolution (VHR) images can be
used for more precise results, especially concerning buildings
in urban areas. Methods based on such images face new
challenges [4]-[7]. The natural changes are more numerous as
the resolution increases, leading to new difficulties: shadows
changes, apparitions and disappearances of objects due to the
human activity, seasonal changes,...In addition the relative
influence of errors in registration of building roofs increases
[5]. However, VHR images allow a visual quantification of the
damage, hence an assessment of the quality of an automatic
detection.

Our method starts from the knowledge of the buildings
footprints in the reference image. Our damage assessment
method, based on correlation, is applied to the case of the Bam
earthquake. First, the roofs of the buildings in the reference
and the crisis images are registered. Then the correlation
between the pixels of the roofs is computed to assess the
damage on the roofs. The buildings are classified in the
last step. A reference database has been built independently
and is used as a reference for registration of roofs, training
for classification and assessment of the performance of the
approach.

II. IMAGES AND REFERENCE DATABASE

The damage assessment method is applied to the case of the
December 26, 2003 Bam (Iran) earthquake. The images used
in this study are panchromatic VHR images from QuickBird
[8] and Ikonos [9] sensors. Their dates of acquisition encom-
pass the disaster. These sensors respectively enable spatial
resolution equal to 60 cm and 1 m at nadir. These images have
different acquisition parameters (table I). Three combinations
of images from the two sensors acquired before and after
each event are used: a pair of original QuickBird images, a
pair of QuickBird images downsampled to a 1 m resolution,



TABLE I

Sensors Date Sat. elevation  Sat. azimuth
angle above (clockwise
the horizon due North)

QuickBird | 2003-03-30 78.8° 191.9°
QuickBird | 2004-01-03 63.3° 233.8°
Tkonos 2004-01-04 62.9° 132.1°

and a multisensor pair QuickBird/Ikonos. In the latter case,
the QuickBird image is downsampled to the resolution of the
Ikonos one. The image before the event is the reference image,
and the image after is the crisis image.

The images are orthorectified and registered to the reference
image using four ground control points (GCPs). The remaining
registration error of the ground can be considered as locally
constant. It is constant in the image for an area with smooth
relief; steep relief can make it more varying if not accurately
corrected. In addition, the images having different viewing
angles, roofs of buildings are not registered precisely; as the
offset of a roof is proportional to the height of the building,
it can differ for each roof.

We have constructed a database to serve as a reference
to assess the performances of our approach. It contains the
footprints of the roofs of the buildings prior to the disaster.
They were manually extracted from the reference image, and
represent 2168 buildings, located in the eastern part of the
town. Additionally, a damage degree is associated to each
footprint of the reference database. We use the European
Macroseismic Scale (EMS) damage scale as a reference scale
[10]. From our own experience, we estimate that, most of the
time, damage corresponding to grades 4 and 5 on the EMS can
be detected in VHR images by analysing roofs, because the
roofs are often affected by heavy structural damage. However
a collapse of a soft storey (e.g. ground floor) is for example
undetectable on the roof itself. Grade 3 can be detected at
times but in a less reliable way [11], [12]. If the building is
intact or if its walls are damaged but the roof seems intact, no
change will be detected on the roof. Thus, four distinct EMS
damage classes are retained: O/intact, 3, 4 and 5. An extract of
the Bam QuickBird reference image on which the footprints
of the buildings have been overlaid is presented in figure 1.

III. DAMAGE ASSESSMENT WITHOUT SPECIFIC
REGISTRATION OF THE BUILDINGS ROOFS

In this part, we apply a damage assessment approach
based on correlation, the images being registered as explained
before using a set of four GCPs. We compute the correlation
coefficient between the pixels held in the roofs in the reference
and in the crisis images. In the reference image, the footprint
is specified by the manual segmentation; in the crisis image,
the pixels that are considered are the correspondence in terms
of geographical coordinates. The buildings are then classified
among the four detectable damage classes. The Support Vector
Machine (SVM) is used for the classification [13], [14].
We have chosen a supervised classification for the following
reasons: we consider that we have no a priori knowledge

(b)

Fig. 1. QuickBird reference image (before the earthquake) of Bam. The build-
ings footprint of the corresponding reference database is overlaid. (a): entire
scene; (b): image extract. Colour legend of the database: Green = damage
grade O; Yellow = damage grade 3; Orange = damage grade 4; Red = damage
grade 5. Image: copyright DigitalGlobe 2003.

about the number and the different damage degrees that are
present for a given disaster; moreover, for a given damage
degree, the damage feature (here the correlation coefficient)
can differ from one test-case to another, according to the type
of buildings, to the atmospheric conditions, to the acquisition
parameters, etc. To meet the requirement of an operational
scope, the required training set is constrained to be small,
with five examples per damage grade. In our case, these
examples are randomly selected among the reference database.
Finally, because the classification result depends more or less
on the chosen training patterns, 100 classification tests are
conducted for each case with different training sets, to ensure
the robustness of the results.

For the test with the pair of original QuickBird images,
the mean classification performance without roof registration
is 63%, the best performance being 70%. The intact and the
damage grade 5 represent by far the best classified buildings.
The corresponding confusion matrix shows that this classi-
fication do not allow to detect the damage grade 3; this
grade is totally ignored. The registration being not accurate,
it induces background changes that prevents us to detect the
small damage on the roofs that correspond to intermediate
damage grade.



For the test with the downsampled QuickBird images, the
mean classification performance is equal to 60%. Finally, for
the test with the QuickBird/Ikonos pair, 53% of the buildings
are well classified. As before, the damage grade 3 is not
detected. Moreover, the EMS 4 damage grade is not accurately
detected, particularly for the QuickBird/Ikonos pair.

IV. DAMAGE ASSESSMENT WITH REGISTRATION OF THE
BUILDINGS ROOFS

In addition to the registration of the images, we propose to
register each building roof precisely.

A. Roof registration

Our registration method estimates the maximum a posteriori
of the correlation computed on the group of pixels held in
the roof footprints in both images. This time, the footprint
defined in the reference image is translated in the crisis
image by a quantity o estimated by the algorithm of roofs
registration (equation 1). Let R; and Ry be respectively the
reference and the crisis images with zero mean. Let ¢ and [ be
respectively the column and the line coordinates, and k. and
k; be respectively the shift value of the footprint of the roof
in the crisis image along the columns and along the lines.

> Ri(e,1).Ra(c+ ke, 1+ kr)

c,l
\/Z R(c, 1).\/2 R2(c + koy 1 + k1)
c,l

c,l

0 = argmax

ke,ki

for {¢,l|H(c,l) = 1} (1
1 if Ii(e,1) € roof footprint

where H(c,l) = { 0 otherwise

The function H(c,l) may be defined by the means of a
segmentation or an extraction of buildings footprint. In our
case, its values are assigned by the means of the reference
database of buildings. The position (k}, k}) of the maximum
correlation yields the offset 0.

The offset 0 can be written as the sum of a ground offset
0g due to the ground misregistration and a height offset oj,
due to the unknown height of the building: 0'= og + o}, . Let
o1 be such that o; A 07 = 0. The ground offset ¢; has no
expectable orientation. On the contrary, the height offset o}, is
solely dependent on the viewing angles for both images and
on the height of the building. For intact buildings, this offset
is observed in the epipolar direction 6 given by the equation

).
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where aj, e, agz, ea are respectively the satellite azimuth and
elevation angle above horizon of the reference and crisis
images (table I).

Equation (1) is applied to a limited search area. The height
offset o is due to the height of the constructions, so its
amplitude differs for each building. On the contrary, we will

~

suppose that the ground offset does not vary much. These
differences are exploited to define an unique search area.
Note that a 2D search is necessary due to the unpredictability
of the ground offset, reducing the relevance of an epipolar
image projection. The search interval is set along the o]
axis as a function of the expected registration error of
the ground between the images, and along the 0}, axis as a
function of the estimated maximum height of all the buildings.

Using this registration method, the mean roof offset for
all the buildings of the reference database is estimated to be
between 0.2 and to 0.4 pixels, the images being registered
according to the ground. As expected through a visual assess-
ment, this is a small subpixel offset.

B. Damage assessment

The roofs being registered, the damage is assessed for each
building using the correlation coefficient corresponding to the
best offset. The classification uses the same SVM scheme as
before.

As a mean result, 72% of the extracted buildings are
well classified among the four damage grades using the pair
of QuickBird images; the maximum performance is 78%.
Whereas the classification performance of the buildings corre-
sponding to damage grade 0 and 5 remains stable comparing to
the damage assessment without roof registration, the classifi-
cation of the buildings with intermediate damage grade (3 and
4) are greatly improved, inducing a significative improvment
of the global classification results. The same observation is
done using the 1-m resolution images: 69% of the buildings are
correctly classified using the QuickBird 1-meter downsampled
images, and 62% using the multi-sensor QuickBird/Ikonos pair
of images. Moreover, for this resolution, we also observe a
clear improvement of the classification of the intact buildings.

We show through this example that the quality of the
registration of the roofs controls the quality of the damage
assessment, even if the shifts between the roofs in the two
images are small (lower than 0.5 pixel in our case). This is
particularly true for the slight/medium damage.

V. DAMAGE ASSESSMENT WITH DEGRADED ROOF
SEGMENTATION

In this section, the impact of the quality of the image
segmentation on the damage assessment is investigated. Each
building footprint of the reference database is defined by
a polygon whose vertices are given by coordinates in the
reference image. We simulate a degraded roof segmentation
by randomly moving each vertices of each polygon by a
different quantity that follows a normal distribution with zero
mean. Three different values of variance for the distribution
of this deviation are tried: 1, 3 and 5 pixel(s) (figure 2). The
buildings are classified according to the correlation coefficient
computed between the pixels held in the degraded footprint
in the reference image and the pixels held in the degraded
footprint shifted in the crisis image by the best offset estimated
by the proposed registration methodology.



Fig. 2. The degraded buildings footprint overlaid on the QuickBird reference
image of Bam. The vertices of the footprints are moved by a quantity that
follows a normal distribution with a variance of (a): 1 pixel; (b): 3 pixels;
(c): 5 pixels. Image: copyright DigitalGlobe 2003.

With a random deviation that follows a distribution with a
variance of 1 pixel, the mean global classification is 71% and
the best performance is 76%. This result is roughly the same
as with the original data. The conclusion is that a small error in
the shape of the building extraction (figure 2(a)) do not affect
the damage assessment. Considering a deviation with variance
equal to 3 pixels, the mean damage assessment performance is
69%, the best performance being 75%. When the variance is 5
pixels, this mean performance drops to 66%, with a maximum
performance equal to 73%.

We conclude that a lower accuracy of the shape of the
extracted segments only leads to slightly lower performance
of the damage assessment. Actually, a precise analysis of the
results shows that the intermediate damage grades are respon-
sible of the decrease of performance, notably the EMS damage
grade 3. Indeed, the degradation of the footprint accuracy
makes that, on one hand pixels outside of the buildings roof
(typically at the building base) that are prone to not pertinent
changes are considered in the correlation computation; and
on the other hand, a part of the pixels inside the roof are
ignored. Thus, the 3rd grade corresponding to slight damage
whose magnitude is comparable to other changes not related
to damage such as shadows or objects around the buildings,
it is less efficiently detected.

VI. CONCLUSION

We show in this paper the importance of the registration
for a change analysis, and how it can be critical for buildings
damage detection when using very high resolution images.
This is illustrated with QuickBird images of the town of Bam
(Iran); we aim to assess the damage on the buildings following
the earthquake of December 26, 2003.

A first damage assessment is conducted after registering the
images with a set of GCPs, a DTM and the RPC associated to

the data. Then, a second damage assessment is proposed with
a preliminary precise registration of the buildings. Although
we have no information about the height and the form of
the buildings, we propose a registration method that allows a
subpixel registration of the buildings roofs: it leads to a clear
improvement of the damage assessment.

We finally show that the quality of the extraction of the
buildings impacts the damage assessment that follows. The
lower the accuracy of the building extraction, the lower the
damage assessment performances. However, we have shown
that moderate segmentation error do not affect dramatically the
performance. The mainly impacted damage grade is the 3rd
EMS damage grade, because it corresponds to damage with
small extent that can be excluded of the degraded buildings
footprint and thus of the damage assessment.

We conclude that, in our opinion, the critical aspect of
change analysis with very high resolution images is the precise
registration of the data. This step should not be ignored,
because it greatly impacts the quality of the final analysis.
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