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DETERMINATION OF THE EARTHQUAKE EPICENTER USING THE 
MAXIMUM DISPLACEMENT METHOD OBTAINED BY SENTINEL-1A/B 

DATA VIA ESA SNAP SOFTWARE

This article discusses a method for determining an earthquake’s epicenter using modern radar data 
from the Sentinel-1A/b remote sensing satellite. To determine the epicenter of the earthquake, finding 
the maximum displacement from the radar image data was used. The displacement (displacement) of 
the earth’s crust was obtained by processing on the ESA SNAP software. Two earthquakes that occurred 
in 2020 were studied to determine the epicenters in the ascending and descending orbits of the satellite. 
These earthquakes occurred in Western Xizang, China, and Doganyol, Turkey. The maximum deviation 
from the epicenter’s officially registered coordinates was 15.6 km for Doganyol and 3.2 km for the West 
Xinjiang Earthquake.
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Interferometric processing, Earthquake Epicenter.

Introduction. The concept of artificial intelligence and machine learning to help 
analysts do their jobs faster is discussed in the geospatial industry, but often only in the 
context of looking at a single image. What happens when an analyst receives up to fifteen 
images of the same area every day, while being responsible for monitoring several locations 
at once? When huge amounts of geospatial data arrive on a daily basis, even an entire team 
of analysts cannot scrutinize all the details. That’s why artificial intelligence must become 
part of every analyst’s workflow.

The deep learning capabilities of artificial neural networks allow them to be applied 
in various fields. In [1] the authors give an overview of deep learning methods of 
artificial neural networks and a brief review of works on the application of artificial 
neural networks in solving a number of applications, including the processing of 
remote sensing data obtained using unmanned aerial vehicles. In [2], a method for 
recognizing buildings on satellite images, based on the use of a fuzzy neural network 
for classification and the proposed set of informative features for constructing a rule 
base is presented. The best segmentation result has been obtained using a combined 
method consisting in the sequential application of the region growth method and fuzzy 
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C-means clustering. The application of fuzzy clustering reduces the number of regions 
and improves the quality of segmentation. It was revealed that in order to improve the 
quality of segmentation of satellite images it is advisable to perform morphological 
processing, which provides a reduction in the number of analyzed regions by merging 
segments and removing irrelevant fragments in terms of the considered problem. The 
average value of the number of correctly recognized buildings was 86%. Of particular 
interest is the possibility of applying ultra-precise neural networks based on the YOLO 
library to solve the problem of detection and recognition of objects using an unmanned 
aerial vehicle [3]. The authors argue that this algorithm can be used not only within 
the ground-based processing complex, but also on board an unmanned aerial vehicle, 
providing a real-time video information processing mode. 

Interferometric processing of remote sensing radar data makes it possible to visually 
detect the earthquake epicenter from the phase image. The results of radar image 
processing show that the location of the epicenter is visible in the form of repeating 
linear spectra in the color palette of the phase image [4, 5]. The linear pattern, which 
has a rainbow pattern characteristic of an earthquake, it is concentrated in the epicenter 
zone in the form of concentric phase transitions, in the center of which as we can 
assume the center of the earthquake, and it is proportional to the earthquake magnitude. 
Radar remote sensing satellites Sentinel-1A/B launched since 2014 can be used to de-
termine these earthquake epicenters [6, 7]. The main feature of these remote sensing 
data Sentinel-1A/B, first, they can be used to detect earthquake epicenter with greater 
coverage than others and second, they are free for end users. Monitoring of the same 
area can be repeated every 12 days with the same viewing geometry or angle. The 
epicenter of an earthquake is more easily detected than those caused by landslides and 
land subsidence [8-10]. The obtained radar images can be processed by special software 
such as ROI_PAC, GMTSAR, GAMMA, ENVI SARscape, ESA SNAP [11-14]. Some 
software is licensed for more than $10,000 and may not be available to the end user. 
On the contrary, ESA SNAP open source software developed by the European Space 
Agency and being in free access can be successfully used for earthquake epicenter de-
termination [15]. In the future, we will use it to determine the location of the earthquake 
epicenter and develop an algorithm for the sequence of steps in the processing of Earth 
remote sensing radar data.

Data for the study. Two earthquakes are being studied. The first one was in Turkey 
near Doganjol on January 24, 2020. The second was in China, western Xinjiang the same 
year on July 22. They were with magnitudes M6.7 and 6.3. Sentinel-1 remote sensing radar 
data before- and after the earthquake were used to create a VV polarization phase differ-
ence with its topographic component subtracted (Figures 3-8). Sentinel-1A/B remote sens-
ing radar data satellites operate at a wavelength of approximately 5.6 cm. Sentinel-1A and 
Sentinel-1B radar remote sensing data were used with ascending and descending orbits for 
two earthquakes (see Table 1). All these data were downloaded from https://scihub.coperni-
cus.eu/. These data were obtained for the territory of Turkey and Western Xinjiang, which 
is shown in Fig.1, 2.
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Table 1 – Satellite data

№ Study area Date Orbit Data from remote sensing radar satellites

1

China, 
Eastern 
Xinjiang

18.07.2020

Rising

S1A_IW_SLC__1SDV_20200718T121528_20200718T121555_033509_
03E207_57A0

2 30.07.2020 S1A_IW_SLC__1SDV_20200730T121529_20200730T121556_033684_
03E765_141D

3 14.07.2020

Descending

S1A_IW_SLC__1SDV_20200714T000951_20200714T001018_033443_
03E012_72CA

4 28.07.2020 S1A_IW_SLC__1SDV_20200726T000952_20200726T001019_033618_
03E572_17E0

5

Turkey, 
Doganjol

15.01.2020

Rising

S1A_IW_SLC__1SDV_20200115T152550_20200115T152618_030813_0
388EA_9B20

6 27.01.2020 S1A_IW_SLC__1SDV_20200127T152550_20200127T152618_030988_
038F14_4686

7 16.01.2020

Descending

S1A_IW_SLC__1SDV_20200116T032559_20200116T032627_030820_0
38928_F5DC

8 28.02.2020 S1A_IW_SLC__1SDV_20200128T032559_20200128T032627_030995_
038F51_7D4F

9 21.01.2020

Rising

S1B_IW_SLC__1SDV_20200121T152522_20200121T152549_019917_
025AC5_405C

0 02.02.2020 S1B_IW_SLC__1SDV_20200202T152522_20200202T152549_020092_
02606E_C4D

1 22.01.2020

Descending

S1B_IW_SLC__1SDV_20200122T032514_20200122T032541_019924_
025B00_46C6

2 03.02.2020 S1B_IW_SLC__1SDV_20200203T032513_20200203T032540_020099_
0260A8_412D

Figure 1 – Area of interest (yellow square outline) and trace of selected Sentinel-1A master scenes 
for both ascending and descending orbits. West Xizan, China.
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Figure 2 – Area of interest (yellow square outline) and trace of the selected master scenes of Senti-
nel-1A/B for both ascending and descending orbits. Doganjol, Turkey.

Figure 3 – Image of the phase difference of Sentinel-1A data for the earthquake in Western Xinjiang, 
China (ascending orbit).

Six interferometric pairs of Sentinel-1 data were obtained using ESA SNAP software 
(Figure 3-8):

1) the first pair of dates: July 18 and July 30, 2020.
2) Second pair of dates: July 14 and July 26, 2020.
3) Third pair of dates: January 15 and January 27, 2020.
4) Fourth pair of dates: January 16 and January 28, 2020.
5) Fifth pair of dates: January 21 and February 2, 2020.
6) Sixth pair of dates: January 22 and February 3, 2020.
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Figure 4 – Image of Sentinel-1A data phase difference for earthquake in Western Xinjiang, 
China (descending orbit).

Figure 5 – Image of Sentinel-1A data phase difference for the earthquake in Doganjol, 
Turkey (ascending orbit).

Figure 6 – Image of Sentinel-1A data phase difference for the earthquake in Doganjol, 
Turkey (descending orbit).
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Figure 7 – Image of Sentinel-1B data phase difference for the earthquake in Doganjol, 
Turkey (ascending orbit).

Figure 8 – Image of Sentinel-1B data phase difference for the earthquake in Doganjol, 
Turkey (descending orbit).

Radar image processing. Processing of radar images is performed using ESA SNAP 
software (see Fig. 9). Processing of radar images includes many steps, one of the important 
is the formation of the interferogram after the procedures of joint registration of each sub-
band of Sentinel-1 data [16]. The output products of interferogram formation are difference-
phase and coherent images. Phase difference is calculated as follows for each pixel for a pair 
of jointly registered radar images:
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where a1, a2 are the real part of the complex number from a pair of radar images, and b1, 
b2 are the imaginary part of the complex number of each pixel of these radar images. The 
intensity or amplitude of the value is calculated from these parts of the complex number 
[17]:
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A a b= +2 2

The phase difference is the sum of several components associated with offset Djdefo, top-
ographic phase related Djtopo, atmospheric phase delay Djatmo and noise Djnoise effect [18]:

Dj = Djdefo + Djtopo + Djatmo + Djnoise 

An earthquake causes a displacement of the earth's surface, where the phase associated 
with the displacement is much larger than the phase associated with the atmosphere and 
noise Djdefo >> Djatmo + Djnoise. Knowing this, we can conclude that. The sum of atmospher-
ic and noise phase effects is negligible compared to what is caused by the displacement 
from the earthquake. Therefore, the phase associated with the displacement is calculated as 
the subtraction of the topographic phase from the phase difference:

Djdefo = Dj – Djtopo

Figure 9 – Block diagram of radar images processing 
for earthquake epicenter detection

The topographic phase subtraction is used to calculate the phase associated with the 
displacement when processing radar images. The topographic phase depends on the spatial 
baseline B⊥  [19] (see Fig. 10). The topographic phase is calculated as follows:

∆ = ⋅ ⊥ϕ π
λ θtopo

B
R
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Figure 10 – Application of Sentinel-1A/B remote sensing radar satellites for phase 
difference imaging from data before earthquake (SAR 1) and after earthquake (SAR 2)

The topographic phase subtraction procedure is performed using a digital elevation 
model (DEM) and a phase difference image. The DEM image contains the value of 
elevation h. DEM image is used to calculate the topographic phase component Djtopo 
[20-22].

The phase associated with the offset can be distorted by noise. Noise can arise from 
temporal decorrelation, geometric decorrelation, volumetric scattering, and processing 
error. A Goldstein filter is used to eliminate or partially reduce the effect of phase noise 
[23-27].

Approximate determination of the earthquake epicenter location begins after the Gold-
stein filter. The location of the earthquake epicenter can be seen in the filtered displacement-
related phase images as a rainbow pattern periodically repeated in the color palette, their 
concentration consisting of a large number of phase transitions from -π to +π (see Figure 
11). 

The displacement associated with the West Xinjiang earthquake can be estimated 
using the phase profile between «O» and «9» (a distance of 10 km) in Figure 11. Here 
the number of phase transitions k on the linear profile is 9. If we multiply this number 
by the Sentinel-1 wavelength (λ=5.6 cm), we can find the displacement relative to the 
line of sight:

                                               d klos = = × ≈λ 9 5 6 50, см

Two radar images before and after an earthquake with the same geometric perspective 
(view) are sufficient to detect the earthquake epicenter by displacement. Using ESA SNAP 
software, the absolute phase image is converted into a displacement image. Before this, it is 
necessary to perform a phase sweep, i.e. the calculation of the absolute phase of the image, 
which is performed by a script developed by Chen and Zebker [28-30]. This script is written 
in C and must be executed separately in the ESA SNAP software.
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Figure 11 – Phase image associated with the displacement (top) and phase profile (bottom).
 Earthquake in Western Xinjiang in 2020. The phase image was created from 

Sentinel-1A data for July 14 and 26.

The maximum displacement coordinate is determined using a geocoded displacement 
image. The epicenter of the earthquake is clearly visible in the displacement image. If the 
color palette or maximum threshold is chosen correctly, it stands out well in the processed 
radar image (see Figure 12).

Figure 12 – Expanded phase image (left) and earthquake-induced crustal displacement (right) 
in Western Xinjiang with different color palettes.

The absolute phase of the expanded phase image has a maximum value of 57.078 in Fig. 
12. If the threshold value is greater than 24.24, the epicenter becomes clearly visible in the 
color palette of the expanded phase image on the left side of Fig. 12. The maximum value 
of the absolute phase ϕabs

max  consists of the number of phase cycles N, which is calculated as 
follows:

N abs= = =
ϕ

π

max ,
,

,
2

57 078
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The number of phase cycles is approximately equal to the number of phase transitions 
λ, which is shown in Fig. 11. The maximum value of the offset deviation associated with 
an earthquake is 0,252 meters. If the threshold value is greater than 0,1 m, the epicenter 
becomes visible in the displacement image color palette on the right side of Fig. 12.

Results. To determine the epicenter of the earthquake, different images of both the ris-
ing and falling orbits of Sentinel-1A/B were obtained. See Figure 13-15. The baseline of 
each interferometric pair of radar images is shown in Table 2.

Table 2 – Evaluation of the baseline

№ Research area Orbit
Before 

earthquake 
date

After the 
earthquake 

date

Baseline B, 
meters

1 Western Xinjiang, 
China

ascending 18.07.2020 30.07.2020 110,411
2 descending 14.07.2020 26.07.2020 122,695
3 Doganjol, Turkey ascending 15.01.2020 27.01.2020 21,374
4 descending 16.01.2020 28.01.2020 76,907
5 ascending 21.01.2020 02.02.2020 58,858
6 descending 22.01.2020 03.02.2020 39,15

Figure 13 – offset images to determine the epicenter of the West Sizzan earthquake with coordinates. 
Left: Sentinel-1A with ascending orbit from dates July 18 and 30, 2020. Right: 

with a downward orbit from dates July 14 and 26, 2020.

Figure 14 – Images of displacements to determine the epicenter of the Doganyol earthquake with 
coordinates. Left: Sentinel-1A with ascending orbit from dates 15 and 27 January 2020. Right:

with a downward orbit from dates January 16 and 28, 2020.
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Figure 15 – Images of displacements to determine the epicenter of the Doganyol earthquake with 
coordinates. Left: Sentinel-1B with ascending orbit from dates January 21 and February 2, 2020. 

Right: with a downward orbit from dates January 22 and February 3, 2020.

Accuracy of determination of epicenters of earthquakes was carried out according to official 
data of the USA Geological Survey using a priori information about epicenter coordinates. 
Western Xinjiang: 33.144°N 86.864°E; Doganol: 38.431°N 39.061°E. Distances between 
official epicenter of this earthquake and data received after processing of Sentinel-1A/B RS 
radar data are shown in table 3 and on fig.16. Distances between nearest epicenters S1A and 
S1B with ascending and descending orbits equal 0,4 and 0,03 km for Doganyol earthquake.

Table 3 – Accuracy of determination of earthquake epicenters

№ Research area Orbit
Before 

earthquake 
date

After the 
earthquake date

Deviation 
from official 
data, distance

1 Western Xinjiang, 
China

S1A ascending 18.07.2020 30.07.2020 2.38 km
2 S1A descending 14.07.2020 26.07.2020 3.2 km
3

Doganyol, Turkey

S1A ascending 15.01.2020 27.01.2020 15.2 km
4 S1A descending 16.01.2020 28.01.2020 14.4 km
5 S1A ascending 21.01.2020 02.02.2020 15.6 km
6 S1A descending 22.01.2020 03.02.2020 14.37 km

Note: S1A - Sentinel-1A, S1B - Sentinel-1B remote sensing radar satellites 

Figure 16 – Distance between official and received earthquake epicenters for western Xinjiang and 
Doganol with ascending (asc) and descending (desc) orbits of Sentinel-1A/B satellites
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Conclusion. Sentinel-1A/B radar remote sensing data are applicable to determine the 
epicenter of the earthquake. The maximum error of distance deviation from the official 
one is 15.6 km for the Doganyol earthquake. The distance between descending orbits for 
the Doganyol earthquake is up to 0.4 km. The same geometric survey with ascending or 
descending orbits shows the minimum distance between the obtained epicenters. A different 
geometric view with different orbits (ascending and descending) leads to a larger deviation 
of the distance error. The case of the Doganhol earthquake, we have volumetric scattering 
from vegetation; therefore, the phase goes with more noise than in the Xinjiang case. The 
western Xinjiang case has a distance error of 3.2 km, which is better than the Doganol case, 
probably this is because of the large baseline of 110-120 meters.

Determining the location of the earthquake epicenter associated with displacement can 
be found by the maximum value (in centimeters) of displacement pixels in the obtained 
image. This method will be referred to as determining the earthquake epicenter from the 
maximum displacement. The displacement threshold value was chosen to be 10 cm. This 
value indicates that more than this value the pixels will refer to the earthquake zone in the 
displacement image. 

The next step is to improve the algorithm for automatically extracting the maximum 
offset value from the interferometric pair of Sentinel-1A/B radar images using ESA SNAP 
software. It takes a long time to process the radar images to create the offset images and 
extract their maximum value. The execution time depends on the quality of the phase image 
as it is distorted by noise due to temporal decorrelation and seasonal changes during snaphu-
unwrapping processing. Shaphu-unwrapping for a complete Sentinel-1 scene can take one 
day. Fast automatic processing of radar images requires a supercomputer with large RAM. 
That’s because the original Sentinel-1 data takes up 14 gigabytes of data, and it can grow 
several times due to intermediate data during processing. We can use the Graph Builder tool 
in ESA SNAP software to automate radar image processing in the future.
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ESA SNAP БАҒДАРЛАМАЛЫҚ ҚАМТАМАСЫЗДАНДЫРУДЫ ҚОЛДАНА 
ОТЫРЫП SENTINEL-1A/B МӘЛІМЕТТЕРІНЕН АЛЫНҒАН МАКСИМАЛДЫ 
ЫҒЫСУ ӘДІСІ БОЙЫНША ЖЕР СІЛКІНІСІНІҢ ЭПИЦЕНТРІН АНЫҚТАУ

Бұл мақалада Sentinel-1А/B Жерді қашықтықтан зондтау спутнигінің заманауи радарлық 
деректерін қолдана отырып, жер сілкінісінің эпицентрін анықтау әдісі қарастырылады. Жер 
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қыртысының ығысу (орын ауыстыру) көрінісі ESA SNAP бағдарламалық жасақтамасында өңдеу 
арқылы алынды. 2020 жылы болған екі жер сілкінісі спутниктің жоғары және төмен орбитала-
ры арқылы эпицентрлерді анықтау дәлдігі зерттелді. Бұл жер сілкіністері Батыс Шыңжаңда, 
Қытайда және Доганьолда, Түркияда болды. Эпицентрдің ресми тіркелген координатынан макси-
малды ауытқуы Доганьол үшін 15.6 км және Батыс Шыңжаңда жер сілкінісі үшін 3.2 км болды.

Түйін сөздер: орын ауыстыру, радар суреттерін өңдеу, фаза айырмасы, жасанды интеллект, 
интерференциялық өңдеу, жер сілкінісінің эпицентрі.
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ОПРЕДЕЛЕНИЕ ЭПИЦЕНТРА ЗЕМЛЕТРЯСЕНИЯ ПО МЕТОДУ МАКСИ-
МАЛЬНОГО СМЕЩЕНИЯ, ПОЛУЧЕННОГО ПО ДАННЫМ SENTINEL-1A/B 

С ИСПОЛЬЗОВАНИЕМ ПРОГРАММНОГО ОБЕСПЕЧЕНИЯ ESA SNAP

В данной статье рассматривается методика определения эпицентра землетрясения с исполь-
зованием современных радарных данных спутника дистанционного зондирования Земли Sentinel-
1A/B. Методы интеллектуального анализа, поиска и распознавания целевых объектов на данных 
дистанционного зондирования Земли большого объема. Для определения эпицентра землетрясения 
использовался метод нахождения максимального смещения по данным радиолокационного изобра-
жения. Картины смещения (перемещения) земной коры были получены обработкой на программ-
ном обеспечении ESA SNAP. Два землетрясения, которые произошли в 2020 году были изучены на 
предмет точности определения эпицентров по восходящей и нисходящей орбитам спутника. Эти 
землетрясения имели место в Западном Синьцзяне, Китае и Доганьоле, Турция. Максимальное от-
клонение от официально зарегистрированной координаты эпицентра составило 15.6 км для До-
ганьола и 3.2 км для Западно-Синьцзянского землетрясения.

Ключевые слова: смещение, обработка радарных изображений, разность фазы, искусствен-
ный интеллект, интерферометрическая обработка, эпицентр землетрясения.


