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Abstract: In recent years, due to the obvious ground settlement and other phenomena of the Yinxi Industrial Park in Baiyin,
it has brought many hidden dangers to the local development, it is of great practical significance to monitor the deformation of
the area for a long time series. The ground deformation field of Yinxi Industrial Park from June 2018 to April 2021 was
obtained by processing Sentinel-1A data using SBAS technology, and the high coherence point D1 was predicted and analyzed
by BP neural network. The results show that subsidence occurs in several places in the Yinxi Industrial Park, and the average
annual subsidence rate ranges from -19.28 mm to 5.08 mm, the areas of severe settlement have a clear geographical
distribution, mainly concentrated in road and building areas, other areas have a more stable ground base; the mean square error
in the BP neural network prediction result is 2.56 mm, and the average relative error is 6.06%, which is a high prediction
accuracy. The predicted cumulative settlement value at point D1 in 2023 is 45 mm, and there is a tendency for the settlement
to intensify. The prediction results are of great significance for the early identification and prevention of ground settlement in

the study area.
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1. Introduction

Ground settlement is a common geological problem in
social and economic development [1-2], mainly caused by
natural and man-made factors that lead to local or regional
subsidence phenomena, usually occurring as a result of
foundation instability, building damage and other geological
disasters, and is one of the important obstacles to the health
and sustainable development of the region [3]. Yinxi
Industrial Park is located in Baiyin City, Gansu Province. In
recent years, with the accelerated urbanisation process,
many factors such as the construction of high-rise buildings
and highways have led to the subsidence of the ground in
many places, and it is particularly important to monitor and
analyse the subsidence in the area in order to minimize the

safety hazards brought by the subsidence to the local
people.

Traditional ground measurement means are mainly based
on level measurement, which is not able to meet the practical
needs because of the small monitoring range and high cost,
although the accuracy is high [4-5]. Synthetic aperture radar
interferometry (InSAR) and Differential interferometric
synthetic aperture radar (D-InSAR), as a rapidly developing
remote sensing technique, can obtain surface deformation
information through SAR phase information, which can
achieve centimeter-level monitoring accuracy and greatly
improve monitoring efficiency, but is severely affected by
spatial and temporal decoherence [6]. Zhao Fumeng et al.



American Journal of Civil Engineering 2021; 9(5): 167-172 168

used SBAS technology based on sentinel data for early
identification of geological hazards in the Ghazi Valley of
the China-Pakistan Highway and extracted regional
deformation information of geological hazards [7], and Pan
Guangyong et al. applied SBAS technology to mine
subsidence monitoring and effectively obtained the annual
average subsidence rate and cumulative subsidence in the
mine area [8]. These studies show that it is feasible to apply
SBAS technology to ground subsidence monitoring and
identification on a large scale; however, there are fewer
studies that combine different SBAS technologies with BP
neural network models.

In this paper, we use SBAS technology to process and
analyze 34 scenes of sentinel-1A data during the period from
July 2018 to November 2021 in Yinxi Industrial Park, and
predict the settlement points in the study area by BP neural
network, in order to provide data support for early subsidence
hazard identification and healthy and sustainable development
in Yinxi Industrial Park.

2. Study Area Overview and
Experimental Data

2.1. Overview of the Study Area

Yinxi Industrial Park is located in the southwest of Baiyin
District, Baiyin City, Gansu Province, as shown in Figure 1,
with an area of about 14.88 square kilometres, and is an
important part of Baiyin Industrial Zone, including the West
District Economic Development Zone and Baiyin District
Small and Medium-sized Enterprise Park. In recent years, the
area has been plagued by problems such as road surface
collapse and wall cracking.
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Figure 1. Study area.

2.2. Experimental Data

The Sentinel-1 radar satellite selected in this paper has a

good penetrating capability C-band with a revisit period of 12
days, which enables long-term and frequent monitoring [9-10],
(data from ESA official website: http://www.esa.int/), and the
interferometric mode and polarization mode are wide
interferometric mode (IW) and isotropic polarization (VV),
respectively. The time span is June 2018-April 2021, and the
orbit information is corrected using the corresponding POD
precision orbit ephemeris data. The image data parameters are
shown in Table 1. The 30 m resolution DEM used with the
interference topography phase removed is derived from:
http://gdex.cr.usgs.gov/gdex/.

Table 1. Parameters of Sentinel-1 data.

Satellite Model Sentinel-1A

Orbital Direction Elevated track

Angle of incidence 33.9°

Wave C

Polarization method \'A%

Number 34

Time 2018/06/14-2021/04/11

3. Principles of Monitoring and
Forecasting Techniques

3.1. SBAS-InSAR Technology

The basic principle of SBAS technique is to take the
deformation results obtained by single D-InSAR technique as
observations and calculate them by the least squares method
to obtain high-precision deformation information on the time
series [11-13]. in order to reduce the vectorial coherence
phenomenon, generates multi-visual differential
interferograms by setting the threshold screening of
spatio-temporal baselines when selecting interferometric
image pairs, divides these interferograms into several groups
according to the baseline conditions, and solves the
deformation time series of each group by least squares
method, using singular value decomposition (SVD) to unite
multiple small baseline sets to obtain the corresponding time
series deformation information.

3.2. BP Prediction Technique

The BP algorithm learning consists of two processes: signal
forward transmission and error back propagation. In the signal
forward process, the input information is fed from the input
layer, processed through the implicit layer and the result is
calculated in the output layer. The information is processed
layer by layer, with the value of the neuron in the previous
layer only having an effect on the neuron in the next layer. If
the output layer result is far from the desired value, it enters
the error reverse transfer process. The error results are used to
make parameter corrections to the weights and thresholds
between the layers of the network, and the above process is
repeated until the global error is approximated to a minimum
value [14], and the structure of the BP neural network is
shown in Figure 2.
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Figure 2. Structure diagram of BP neural network.

4. Monitoring Technical Data Processing

SBAS technique is based on ENVI-sarscape software for
data processing, before generating interferograms, the original
data are imported into the software and pre-processed such as
cropping, considering that the three factors of time baseline,
spatial baseline and Doppler center will have an impact on the
optimal selection of the public master image, SBAS technique
takes the image of November 12, 2019 as the public master
image, in order to avoid the time and spatial decoherence, after
several trials, the maximum critical baseline threshold is set to
3%, the maximum time distance threshold is set to 150 days,
and the temporal phase unwinding is done with the Minimum
Cost Flow method, Figure 3 shows the SBAS spatio-temporal
baseline connection map, after multi-viewing, interferogram
generation, filtering, de-leveling effects, orbit refinement and
inversion, the interferogram DEM error is estimated, the high
and low pass filtering to extract the atmospheric phase, and
solve for the line-of-sight deformation information in the
study area.

The results solved by SBAS technique were optimized and
mapped for settlement rate using ArcGIS software, and finally,
the time series analysis was performed using Origin software.

1UU|_1 TTTTT F?I h! TTTTTTTT ‘ TT 1f‘[ TTT1 ] TTTTTTITTT

& : \ ]

o \ d _ m /' L§} ]

so— by A \ A ]

L % - diw ! A ]

. E W A\ f\ [ /X ]

E |- \ \ \ A u I/ P

E 0— \ A/ —

= [ [ 3 Y ) 3

S | : -

2 50— ]

2 C 3

e _—

= _J e O | | I T | ‘ | S I | ] | T o S | l_
EBS&FOUU 1 2019/01/01 2020/01/01 2020/12/31 2022/01/01

Acquisition Date

Figure 3. Space-time baseline connection.
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Figure 4. Geological map of Yinxi Industri.
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Figure 5. Settlement rate map and site photo map of Yinxi Industrial Park.

5. Deformation Results and Prediction
Analysis

5.1. InSAR Results Validation

Figure 4 shows the geological map of Yinxi Industrial
Park, the original stratigraphic lithology of the area is the
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Quaternary wind-deposited loess and chalk sandy mudstone
interlayered bedrock rock group, after backfilling by cutting
the mountain to make land, the upper foundation soil is
uniformly changed into plain fill, the different lithology
changes the geotechnical engineering geological conditions,
and the leakage of buried underground ducts or pipes may
reduce the bearing capacity of the foundation and cause
uneven settlement of buildings [ 15]. At the same time, it may
also trigger new geotechnical engineering geological
problems, which seriously affect the production and life of
local residents. As can be seen in Figure 5, the annual
average deformation rates obtained by SBAS technique
ranged from -19.28 mm to 5.08 mm, and the ground
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settlement and wall cracking occurred in this area, which is
highly consistent with the settlement zone identified by
SBAS technique, further proving the reliability of SBAS
technique.

In order to study the subsidence pattern in the area, the
frequency distribution map of the subsidence rate in the study
area was counted, and it can be seen from Figure 6 that the
annual deformation rate of the majority of points is between
-15 mm and 15 mm. The highly coherent subsidence point D1
was selected, and the cumulative subsidence at this point was
analyzed in a time series. The cumulative subsidence trend at
this point is decreasing, and the cumulative subsidence in
2021 exceeds 30 mm (Figure 7).
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Figure 6. Frequency distribution statistics of cumulative subsidence.
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Figure 7. Cumulative settlement at point D1.
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5.2. BP Neural Network Prediction

For early identification and prevention of the study area,
1100 PS points were selected from the results obtained
with SBAS technique, the first 1000 PS point settlement
values were randomly selected as training samples and the
last 100 PS point settlement values were used as test
samples, the 33 period settlement values from June 14,
2018 to March 6, 2021 were used as the input layer and
the settlement values on April 11, 2021 were used as the
output layer, the sample data are normalized and
prediction analysis is performed based on BP neural

15

network model. Figure 8 shows the actual sedimentation
values solved by SBAS technique and the predicted values
by neural network. The mean square error is 2.56 mm and
the average relative error is 6.06%, so the prediction
accuracy is high. The prediction of the cumulative
settlement value at point D1 using BP neural network is
shown in Figure 9, and the results show that the settlement
value at point D1 will exceed 45 mm in 2023, and the
cumulative settlement will further increase under the
action of external loads such as vehicles because the point
is located on the highway.

—— Actual value
10k —o— Predicted value
L ]
4
g 1
E
2 5
=
]
*)
£
;‘-_’ 0=
o
&
3
= -
g 5
=
o
10
y
15 I 1 1 I I 1 1
0 10 20 30 40 50 60 70 80 90 100
Test Sels
Figure 8. BP neural network prediction results.
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Figure 9. Neural network prediction results.

6. Conclusion

In this study, based on 34 scenes of sentinel-1A data, the

SBAS technique was used to obtain the results of subsidence
and spatial and temporal distribution in and around the Yinxi
Industrial Park in Baiyin with fieldwork verification,
combined with geological data and field research for analysis.
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The experimental results show that:

(1) During the monitoring period, the annual average
deformation rate of most settlement points in and
around Yinxi Industrial Park was between -15mm and
15mm, especially in the area of roads and buildings,
there was more obvious ground settlement, and the
annual average settlement rate ranged from -19.28 mm
to 5.08 mm, and the cumulative settlement amount of
D1 points located near the roads exceeded 30 mm, and
the field investigation verified that the SBAS
technology monitoring results have good reliability.

(2) The spatial distribution of subsidence areas has obvious
geological characteristics. The subsidence area is
mainly dominated by loess and sandy mudstone, and the
upper part of the foundation soil is uniformly changed
into plain fill by cutting the mountain to make land, and
the stratum is more fragile and easily deformed.
Moreover, between 2018 and 2021, large human
activities, such as extensive housing reconstruction and
rapid urbanization, caused significant ground
subsidence in some areas.

(3) The accuracy of the BP neural network prediction
results is high, in which the mean square error is 2.56
mm and the average relative error is 6.06%. The BP
neural network predicts that the point D1 will exceed 45
mm in 2023, and this result is important for the
prevention and control of disasters in advance.

(4) Although the current time series detection results of
deformation in Yinxi Industrial Park in Baiyin were
obtained using Sentinel-1 data and SBAS technology,
due to the lack of actual measurement data, the
verification of monitoring results was only determined
using field research, and future research needs to
combine InSAR with traditional monitoring technology
to further analyze the mechanism of surface
deformation in Yinxi Industrial Park, improve the
accuracy and reliability of ground monitoring, and
provide scientific and technological support for the
regional urbanization process and sustainable urban
construction.
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