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Throughout history, natural disasters have constantly plagued humanity, the greatest damage was
caused by earthquakes, taking many lives, destroying cities and infrastructure. Determining the results
of an earthquake, namely damages and destructions of buildings is one of the main needs in dealing
with the consequences of a natural disaster. Recently, natural disasters caused by anthropogenic
phenomena have increased in the world. Therefore, the scientific study of the destructions caused by
cataclysms of natural origin is an extremely important problem. Involvement of digital
photogrammetry and geoinformation technologies is very effective in this matter. The area that has
been destroyed on a large scale on the Earth's surface needs to be determined with the help of satellite
images and remote sensing data. The main purpose of the work is the processing of digital satellite
images obtained from the GeoEye-1 satellite on 15.07.2017 and 18.11.2017, in order to identify areas
affected by the earthquake on the border of Iraq and Iran. Namely, part of the city of Sarpol-e Zahabb,
located in Iran. When performing the work, a comparison of the automatic and manual methods was
used. During the experimental studies, photogrammetric, cartographic methods and methods of
remote sensing of the Earth were used. The work was performed using the Erdas Imagine software
and he Delta CUE module. The technique of determining the difference indicators of the earthquake
consequences by the automatic method is described. The results of the work can be used to calculate
losses after natural disasters. As the results of detecting the area of damaged objects due to the
earthquake it was found in automatic mode that 61 objects were damaged, and the total area of
damage is 19103m2, the area of the largest object is 3300m”.
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Introduction

The largest earthquakes on Earth occur in zones that coincide with the edges of tectonic plates. The
earthquake on the Iraqi border occurred on November 13, 2017. Many people were injured in the
town of Sarpol-e Zahab, about 15 km from the border. The earthquake struck 30 km southwest of
Halabja in Iraqi Kurdistan, near the northeastern border with Iran (Figure 1). The epicenter was at a
depth of 33.9 km, the earth tremors were felt in Turkey, Israel and Kuwait. Terrain of the city of
Sarpol-e Zahabb is mountainous. The earthquake had a magnitude of 7.3 and killed 207 people and
injured another 1,700.
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Figure 1. Earthquake propagation zone

As a result of natural disasters, high-rise buildings and structures suffer the most significant damage.
The architectural significance of many of them is invaluable not only at the national level of the
countries where these disasters occur, but also for the world as a whole. For the most part, all of these
sites are on the balance of local governments and are monitored by cultural heritage conservation
structures, whose funding is very limited, even in economically highly developed countries.
Therefore, it is necessary to develop technological schemes that would fully give an objective
assessment of the destroyed objects, and, accordingly, reduce the cost of their reconstruction or
restoration.

It should be noted that the problem of finding the optimal option for calculating losses due to various
natural disasters was dealt with in different years by many Ukrainian (Chetverikov and al., 2013;
Trevoho and al., 2020) as well as scientists from other countries, but still it was not found the
developed technological scheme which would become the standard. In the literature, more attention is
paid to the problem of damage of areas due to floods, fires and other environmental disasters
(Abdallah et al., 2017; Savchyn & Lozynskyi, 2019) and less attention is paid to the destructions of
urban structures due to earthquakes.

The task of our work is to determine the total number of destroyed plane objects in Sarpol-e Zahab
due to the earthquake using the Erdas Imagine software package, namely, its Delta Cue module.

Method

Since the main purpose of the work was to determine the total number of destroyed objects
(buildings), the workflow is proposed, providing sequential steps of the task, starting from a
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preliminary search of input data and ending with the analysis of the consecutively obtained resultant
data.

Geometric correction of space images on the territory of the city of Sarpol-e Zahab before and after
the earthquake was carried out on 9 reference points using the ERDAS IMAGINE software. For
geometric correction, a quadratic polynomial model of the second degree was applied and the WGS84
coordinate system was chosen. As a result of these actions, the root mean square errors were obtained,
1.5m along the X axis and 1.9m along the Y axis for the image before the earthquake and 1.7m along
the X axis and 2.0m along the Y axis for the image after the earthquake. The errors satisfy the
tolerable value for the multispectral image obtained from the GeoEye -1 satellite.

Results

DeltaCue is an additional module for ERDAS IMAGINE software, which allows detecting differences
between two images of the same area, taken at different times. Due to the dynamic setting of change
thresholds, as well as spatial or spectral filtering, the module allows displaying only those changes
that are interested for the research. Data processing and analysis in IMAGINE DeltaCue are organized
in the form of projects that provides a certain sequence of actions: pre-processing; detection of
changes; filtering of detected changes; representation and analysis of changes.

Search of the changes was implemented using all filters, including the spatial filter. It calculates
several geometric properties based on the contour. The geometric properties include: area; the length

of the main axis; length of minor axes; compactness; lengthening.

For our case we use following geometric properties: area, compactness and elongation (Figure 2).
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Figure 2. Window with the images after the earthquake and detected differences using filters

The next step is to vectorize the file of differences in automatic mode. The StartCue Shapefile Output
function was used to start creating a shapefile. The resulting vectorized image has been cleared of all
moving objects and noises (Figure 3,4).
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Figure 3. Vectorized image of the differences Figure 4. Vectorized image of the differences
between two images after clearing moving objects and noises

After a program count, it was found that 61 objects were damaged, and the total area of damage is
19103m’, the area of the largest object is 3300m” (Figure 5). The graph clearly shows that most of the
objects were slightly damaged (Figure 6).

Statistics: B0

Count: 61 il
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Figure 5. Statistics of the vectorized file Figure 6. Graph of areas of destroyed objects

of differences

To confirm the effectiveness of this technique, the interpretation of destructions was performed
"manually” using the software ArcGIS. With the help of statistical data, it was established that 52
objects with a total area of 16131,14 m*> were vectorized. The maximum area is 2436 m” and the
minimum is 63 m”.
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It can be concluded that even after the rejection of noises and moving objects in automatic mode, the
number of objects and the total area of destruction is bigger, indicating that the human eye is unable to
detect all the details of damage of objects in the space image.

Conclusions

The method of determining the difference indicators of the consequences of the earthquake that
occurred on the Irag-Iran border in 2017 by the automatic method is presented and compared with the
"manual method" of determining these indicators. The results of detection of areas of damaged objects
due to the earthquake by the semi-automatic method are following - 61 objects were damaged, and the
total area of damage is 19103 m’. Applying the "manual method" of detecting changes in two
different time images it was found that 52 objects with a total area of 16131,14 m* were damaged. It
can be concluded that even after the rejection of noises and moving objects in automatic mode, the
number of objects and the total area of destruction is greater, indicating that the human eye is unable
to detect all the details of damage of objects in the space image.

The results of the research can be used to improve the calculation of damage after the earthquake by
the relevant organizations of the Republic of Iraq, and these data can be used by the emergency
services and rescuers.
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