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The construction of ultra-high voltage (UHV) transmission corridors often
spans complex mountainous regions, which are characterized by intricate
geographical environments and frequent geological hazards. This study aims to
improve deformation monitoring in low-coherence areas of UHV transmission
corridors, such as those with dense vegetation, by utilizing Distributed Scatterer
Interferometry (DS-INSAR). Using Sentinel-1A data, long-term deformation time
series were derived. Compared to traditional time-series INSAR methods,
DS-InSAR demonstrated significant improvements across several dimensions.
Specifically, phase quality was notably enhanced after optimization using the
Phase Linking method, resulting in clearer deformation region boundaries and a
significant reduction in noise. Additionally, the number of effective monitoring
points increased from 1,481 to 7,698, leading to more densely distributed and
reliable deformation results. The annual average deformation rates extracted
by traditional time-series InSAR ranged from -146 to 49 mm/year, while
those obtained by DS-InSAR ranged from -144 to 74 mm/year. While the
overall deformation trends were similar, the traditional time-series InSAR
technique slightly overestimated the deformation magnitude. This study
provides theoretical support for key technologies in deformation extraction for
low-coherence areas in UHV transmission corridor construction.

DS-InSAR, phase linking, homogeneous sample selection, ultra-high voltage (UHV)
transmission, geological disasters

1 Introduction

In recent decades, Ultra-High Voltage (UHV) transmission corridors have become
crucial infrastructure for ensuring national energy security and promoting regional
economic development, with widespread construction and application. However, due to
the complex mountainous terrain these transmission corridors cross, they face significant
natural disaster risks, particularly landslides. Landslides, which are common geological
hazards in mountainous areas, are driven by multiple factors such as topography, climate,
and rock-soil types (Kang et al., 2017; Yin et al., 2010; Zhang et al., 2020). The evolution of
temperature fields under static and cyclic heating in buried cable systems has been analyzed
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in detail, providing a basis for understanding soil response under
long-term operations (Ahmad et al., 2021; 2025).When landslides
occur, particularly large-scale ones, they can severely impact UHV
transmission lines, potentially causing widespread power outages
or equipment damage. Therefore, monitoring and early warning
of landslides, especially in areas with steep and densely vegetated
mountainous regions, have become critical research topics for
ensuring the safety of UHV transmission corridors. Experimental
investigations on soil backfill behavior around underground power
cables under steady and cyclic thermal loading have provided
valuable insights into ground-structure interaction.

Traditional landslide monitoring methods, such as ground
observations, meteorological data monitoring, and geological
surveys, although capable of providing some early warning
information, are often limited due to the complex terrain
and dramatic environmental changes in mountainous areas
(Schlogel et al., 2015). With the development of remote sensing
technologies, particularly the maturity of Synthetic Aperture Radar
(SAR) and Interferometric Synthetic Aperture Radar (InSAR)
technologies, landslide monitoring has been significantly enhanced
(Yao et al., 2022). InSAR technology, which utilizes satellite data
to obtain ground deformation information, has advantages such
as high temporal resolution and wide-area coverage, enabling real-
time acquisition of deformation information in landslide-prone
areas (Sun et al,, 2015). Beyond geotechnical and remote sensing
approaches, Al-driven diagnostic methods are emerging as powerful
tools for infrastructure monitoring. For instance, recent work on
corrosion diagnostics in clay-rich soils demonstrates the potential
of predictive data-driven frameworks (Ahmad et al., 2025).

Currently, time-series InSAR technology, developed from D-
InSAR, includes Permanent Scatterer InSAR (PS-InSAR), Small
Baseline Subset InSAR (SBAS-InSAR), and Distributed Scatterer
InSAR (DS-InSAR) (Moretto et al.,, 2021; Novellino et al., 2021;
Rosi et al, 2018). These methods have been widely used in
monitoring geological hazards, including landslides, subsidence,
and slope deformations. In the context of UHV transmission
corridors, time-series InSAR has shown great potential in detecting
slow-moving landslides that pose risks to infrastructure. For
instance, demonstrated the application of time-series InSAR for
monitoring deformation along transmission line routes, which
plays a crucial role in providing early warnings for mitigating
potential hazards. InSAR is a radar technology that is fundamentally
based on the interference of the dual or more coherent pulses.
The consequence is the backscattering of the phase difference
of these pulses, which is utilized to determine the millimeter-
scale changes in deformation over spans of days to years. In this
regard, when imaging a surface, the phase fronts from the two
sources interfere, in the measured phase differences determine the
topographic information owing to the surface topography slicing the
interference pattern (Marghany, 2021).

In 2012, Lei etal. utilized PS-InSAR to successfully identify
the Berkeley Hills landslide area, obtaining surface deformation
rates that contributed to a better understanding of landslide
behavior and providing valuable insights for future studies in
similar environments (Lei et al., 2012). In the same year, Greif
and Vlcko extracted deformation information before and after
sliding from the Lubietova landslide in Slovakia using PS-InSAR
and conducted long-term monitoring (Greif and Vlcko, 2012).
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In 2018, Kiseleva etal. applied PS-InSAR for monitoring active
landslides along the Black Sea coast. While PS-InSAR performs well
in areas with good coherence and stable scatterers, its effectiveness is
significantly reduced in densely vegetated mountainous areas, where
the number of available PS points is sparse, leading to insufficient
deformation information for landslide hazard identification and
monitoring (Kiseleva et al., 2014). Marghany demonstrated InSAR
phase unwrapping using a Hybrid Genetic Algorithm (HGA).
The three-dimensional phase unwrapping was carried out with
a three-dimensional best-path algorithm that avoids singularity
loops (3DBPASL). Phase matching was then implemented through
3DBPASL combined with the Hybrid Genetic Algorithm. This
integration was applied to suppress the phase decorrelation effects
in interferograms.

The results showed that conventional InSAR produced
discontinuous interferogram patterns due to high decorrelation,
while the three-dimensional sorting reliabilities algorithm (3D-
SRA) generated accurate 3-D coastline deformation. Specifically,
the 3DBPASL algorithm retrieved a 3-D coastline deformation with
a bias of —0.06 m, which was lower than both ground measurements
and standard InSAR estimates. The algorithm also achieved a
standard error of +£0.03 m, again outperforming ground data and
InSAR results.Furthermore, the 3D-SRA effectively removed phase
decorrelation impacts, and the combined HGA and 3DBPASL
approach provided superior performance compared to conventional
InSAR, with a validated error range of 0.04 + 0.22m at 90%
confidence intervals. Marghany concluded that the HGA is suitable
for solving decorrelation problems and for producing accurate 3-D
coastline deformation using ENVISAT ASAR data.

To overcome the limitations of PS-InSAR, SBAS-InSAR has
been increasingly used for monitoring deformation in areas with
high vegetation coverage. In 2023, Chen Baolin et al. conducted
deformation analysis of the Jun Gong Gu landslide in the
mainstream of the Yellow River using SBAS-InSAR, demonstrating
that SBAS-InSAR has stronger applicability in high-vegetation
mountainous areas compared to PS-InSAR. Meanwhile, DS-InSAR
has gained prominence due to its ability to obtain a higher
density of target points for interferometric analysis in non-urban
environments. Li etal. studied the application of DS-InSAR in
landslide monitoring and proposed improvements in phase recovery
methods to enhance the quality of interferograms, particularly in
low-coherence environments (Li et al., 2023). In 2022, Sheng Lei
etal. used DS-InSAR technology to extract high-precision radar
line-of-sight surface deformation spatial distribution in the Gongjue
area of the Jinsha River basin, identifying 22 significant geological
hazard risks. Marghany (2024) invented a novel technique to address
the long-standing problem of decorrelation in SAR interferometry.
The method is based on quantum interferometry with a four-
dimensional phase unwrapping framework. This new approach is
termed the Marghany 4-D Quantized Holographic Interferometry
Algorithm. The algorithm employs a 4-D quantum walk search
quality map to transform conventional 2-D TerraSAR-X data into
four-dimensional images, thereby eliminating decorrelation impacts
and enabling more accurate deformation retrieval (Marghany, 2024).

In the complex mountainous areas traversed by UHV
transmission corridors, many landslides, due to their low scattering
properties or discontinuity in high-coherence regions, make
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monitoring in low-coherence areas very difficult. These low-
coherence landslides not only cause phase information loss but
may also affect the accuracy of subsequent deformation extraction.
Therefore, how to effectively recover time-series phases for low-
coherence landslides and accurately extract their deformation
information has become a major challenge in the current application
of InSAR technology (Bao J. et al., 2021).

To address this issue, this paper proposes an innovative approach
for temporal phase recovery and deformation extraction, aiming to
overcome the monitoring challenges of low-coherence landslides in
the complex mountainous regions of UHV transmission corridors.
By fully utilizing SAR imagery data, this study not only recovers the
temporal phases of landslides but also employs improved algorithms
to precisely extract ground deformation information. Specifically,
this paper combines the advantages of multi-temporal SAR data
and proposes an improved method based on phase recovery and
multi-source data fusion. This method significantly enhances the
monitoring accuracy in low-coherence areas, overcomes the phase
unwrapping difficulties in traditional InSAR methods, and enables
dynamic monitoring of landslides through temporal analysis,
thereby providing more reliable technical support for landslide
disaster early warning and prevention in UHV transmission
corridor areas.

2 Study area overview and data

2.1 Study area

Wufeng County is located in the western part of Hubei
Province and is under the jurisdiction of Yichang City. The
county is situated in the Wuling Mountain area, which is
characterized by mountainous and hilly terrain with an average
elevation of around 800 m. This region has a subtropical humid
climate, with an average annual temperature of approximately
16 °C and substantial annual rainfall exceeding 1,000 mm. Wufeng
County is known for its high forest coverage rate and diverse
vegetation types (Figure 1).

Geologically, Wufeng County lies within the tectonic belt of
the middle and upper reaches of the Yangtze River, featuring
complex geological structures. The area is prone to geological
hazards such as mountain soil erosion, landslides, and rockfalls, with
certain regions experiencing significant ground deformation risks.
These characteristics make Wufeng County an ideal case study for
monitoring ground deformation in UHV transmission corridors,
particularly in mountainous and hilly areas where high-voltage
power transmission lines are often installed.

Given the complexity of the terrain and the potential risks
posed by geological hazards, the stability of transmission lines in
this region is a critical concern. Therefore, monitoring ground
deformation in Wufeng County is essential to ensure the safe
operation of high-voltage transmission infrastructure and to
mitigate the risks associated with potential geological disasters.
This makes Wufeng County a representative site for studying the
stability of UHV transmission corridors and their vulnerability to
geohazards.
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2.2 Data acquisition

The Sentinel-1A satellite is the first environmental monitoring
satellite in the European Space Agency’s Copernicus program. It
offers advantages such as high-frequency revisit, wide coverage, rich
polarization and operational modes, as well as high reliability. In
this study, a total of 24 Sentinel-1A satellite images from October
2023 to October 2024 were selected, covering the study area. The
image data are in Level-1 SLC format, with an interferometric wide
swath (W) imaging mode, VV polarization, an incident angle of
28.9° and a spatial resolution of 5 m x 20 m (in azimuth and range
directions) (in Table 1). Additionally, precise orbit data provided
by the European Space Agency were used for orbit correction,
and external reference DEM data from the 30-m resolution SRTM
Digital Elevation Model (DEM) were used.

3 Methodology

DS-InSAR  (Differential Radar
Interferometry) is a differential interferometric technique based

Synthetic ~ Aperture
on SAR imagery that uses image data from multiple time points
to calculate surface deformation. The basic principle involves
measuring the phase differences between images taken at different
times to obtain deformation information. Specifically, for each pair
of differential interferometric images, the phase difference can be
expressed as:

A¢:4T7T(A2+Ah) )

In Equation 1, Where A¢ is the phase difference, A is the wavelength
of the SAR signal, Az and Ah represent surface deformation and
atmospheric effects. Distributed Scatterer Interferometric Synthetic
Aperture Radar (DS-InSAR) is an advanced time-series InSAR
technique designed to improve deformation monitoring in low-
coherence areas, particularly in mountainous and vegetated regions.
The concept of DS-InSAR was first introduced and later refined by
Ferretti et al. (2011) and Novellino et al. (2021). Unlike Permanent
Scatterer InSAR (PS-InSAR), which relies on highly coherent and
stable reflectors, DS-InSAR identifies distributed scatterers (DS)
that exhibit stable phase behavior over time, thereby increasing
the density of measurement points in areas where traditional
PS-InSAR methods are ineffective. This makes DS-InSAR particularly
valuable for monitoring landslides in complex terrains, where dense
vegetation and rough topography often limit the coherence of SAR
signals.Given that the observation targets in this study are landslides
in the southwestern mountainous region, where C-band SAR data
exhibits relatively low coherence especially in summer the DS-InSAR
method is selected to enhance monitoring accuracy.

First, using the registered single-look complex (SLC) image
set, a baseline combination strategy of single-master image and
multi-master image is employed for differential interferometric
processing. This strategy effectively increases the time coverage of
the interferograms and improves the monitoring accuracy, especially
in landslide monitoring, a dynamic geological hazard. The extended
time span is crucial for capturing deformation changes. Then, the
differential interferogram is used to generate a single-look intensity
image set to provide data support for subsequent target point
extraction.
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FIGURE 1
Overview map of the study area.

TABLE 1 Sentinel-1 dataset parameter information.

Parameter Value

Temporal coverage 2023.10-2024.10

Number of images 24
Orbital direction Ascending
Wavelength 5.6 cm

For target point extraction, the FaSHPS algorithm is used to
select homogeneous point samples. The advantage of the FaSHPS
algorithm lies in its ability to maintain a high level of point selection
certainty in low-coherence areas, thus improving the quality of
DS point selection. The algorithm’s settings require the number of
homogeneous point samples to be greater than 20, with a posterior
coherence greater than 0.3, ensuring that the extracted DS points are
sufficiently reliable, providing accurate data support for subsequent
deformation analysis. The FaSHPS algorithm enhances DS-InSAR’s
ability to extract reliable distributed scatterers, which is particularly
important in landslide monitoring applications where coherence
varies significantly.

Subsequently, based on the differential interferometric set
and the selected homogeneous point samples, the Phase Linking
method is used for phase optimization. The Phase Linking method
effectively reduces phase errors caused by terrain variations,
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atmospheric effects, and other factors, improving phase recovery
accuracy. This optimization step further ensures the stability
and consistency of the selected DS points in the time series
analysis. Finally, the DS points are merged with the PS points
to enhance monitoring accuracy. PS points typically exhibit
higher scattering stability and can effectively complement the DS
points, particularly in complex terrains and low-coherence areas.
The fused data will be processed through 3D unwrapping to
remove atmospheric effects, terrain residuals, and other factors
influencing the phase, ultimately extracting time-series deformation
information of the landslide area. This process effectively removes
noise and errors, improving the precision and reliability of
deformation monitoring.

Among these, the quality of the interferogram is a key
factor influencing the deformation calculation results, making the
selection of interferometric combinations a critical technical step in
data processing. Currently, two main interferometric combination
strategies exist: single-master image combination and small baseline
combination. The core idea of the single-master image combination
is to select one image from the multi-temporal SAR images as
the common master image, with the other images serving as slave
images. The basic idea of the small baseline combination is to
set time baseline and spatial baseline thresholds, combining all
images that meet both thresholds into pairs to form interferometric
combinations, where each SAR image can serve as either the
master or slave image. Lattice element modeling has also been
employed to simulate cemented geomaterials under coupled loading
conditions (Rizvi et al., 2020).
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Interference connection diagram (a) Single master image connection diagram (b) Small baseline set connection diagram.
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FIGURE 3
Point selection results: (a) Posteriori coherence; (b) Point selection

results based on spectral characteristics and backscatter coefficient;
(c) Point selection results based on homogeneous samples.
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Among different interferometric techniques, PS-InSAR and
SBAS-InSAR are suitable for areas with high coherence, while
DS-InSAR is capable of obtaining more interferometric pairs in
low-coherence regions. Marghany’s 4-D Quantized Holographic
Interferometry Algorithm (Marghany, 2024) has further advanced
this technology, particularly in solving the phase unwrapping
problem in low-coherence areas. This algorithm introduces four-
dimensional quantized phase recovery and quantum interference
principles, significantly improving monitoring accuracy in
complex terrain areas. Compared to traditional InSAR methods,
Marghany’s algorithm can handle more complex terrain and low-
coherence regions, greatly enhancing the reliability of deformation
detection.

Since the observation targets in this study are landslides
in the southwestern mountainous area, where the coherence
of C-band SAR data is relatively poor compared to urban
areas—especially in the summer when coherence is very low—the
small baseline strategy is selected for this experiment. However,
in phase optimization, a single-master image interferometric
pair is included to assist in temporal phase optimization.
When selecting the small baseline combination, the spatial
baseline is controlled within 250 m, and the time baseline
is controlled within 36 days. Figure 2 shows the interference
connection diagram.

In addition, time-series phase optimization is one of the key
cores in DS-InSAR, and its specific principles are as follows:

¥ = W{(Pik - ‘ij} ()

In Equation 2, where ¢ represents the pixel phase value of
each differential interferometric pair, ijk denotes the image
acquisition date, and W{} represents the integer number of
phase wraps. If there are no other error interferences, this
equation holds, meaning that the homogeneous point sample path
performs phase optimization on each pixel in the time domain,
thereby improving the phase reliability of the monitoring target
points.

frontiersin.org


https://doi.org/10.3389/feart.2025.1682093
https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org

Liu et al.

10.3389/feart.2025.1682093

FIGURE 4

Time-series phase optimization results: (a) and (c) are before optimization; (b) and (d) are after optimization.

4 Results

4.1 Extraction of backscatter point targets
in low-coherence areas of complex
mountainous regions

The hypothesis testing problem can be converted into a
confidence interval estimation problem. Once the confidence
interval is established, the similarity between all candidate points
and reference points can be determined through simple logical
operations, which significantly improves the speed of selecting
distributed targets. Moreover, when the number of images is
small, this algorithm exhibits better determinism in selecting
homogeneous points compared to traditional non-parametric
hypothesis testing methods. Particularly in the case of single-
view data, where the pixel count of a single image is large, the
FaSHPS algorithm can greatly improve computational efficiency
while maintaining the quality of sample selection. SAR images are
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typically processed in single view to preserve the image’s detailed
information as much as possible. For the small-area deformation
extraction involved in this study, retaining the original resolution
and capturing more deformation details are critical. Therefore,
single-view processing becomes a necessary choice. The FaSHPS
algorithm, based on this characteristic, can quickly and accurately
extract distributed targets under complex data conditions. In this
study, the FaSHPS algorithm was selected as the DS point extraction
method, with a threshold set for homogeneous sample numbers
greater than 20 to preliminarily filter candidate points, thereby
efficiently identifying distributed target points. It is important to
note that DS point extraction is not a one-time process and needs
further optimization based on the phase consistency principle. The
phase consistency principle can effectively help remove errors and
inconsistent points, ensuring that the final extracted DS points
accurately reflect deformation information.

Figure 3a shows the posterior coherence distribution map of the
study area, where warm colors represent higher coherence and cool
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colors represent lower coherence. As shown in the figure, although
most areas exhibit poor coherence, with the coherence coefficient of
most points being below 0.3, the FaSHPS algorithm can still extract
relatively reliable target points under low coherence conditions.
Although the majority of the landslide body is non-man-made
terrain and thus belongs to DS points, there are also some permanent
scatterers in the region, such as houses, towers, and large rocks.
These points, which have high backscatter stability, can be used as PS
points in calculations to help improve the overall data quality. The
selection of PS points can be based on the spectral characteristics
of single SLC images and the amplitude deviation of multi-scene
SLC images. By combining these two methods, the selection of PS
points can be further optimized. In Figure 3b, we selected 6,580 PS
points using both spectral characteristics and amplitude deviation
methods, which are shown in red in the figure. However, although
a large number of PS points were selected through these methods,
the areas with low coherence still influenced the selection results,
leading to some limitations in the quality of the selected points.
Although most of the landslide body consists of non-man-
made surfaces and belongs to DS points, there are still permanent
scatterer targets such as houses, towers, and large rocks. These PS
points, though few, have high backscatter stability and can assist
in calculations to improve the overall data quality. PS points can
be selected based on the spectral characteristics of single SLC
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images and the amplitude deviation of multi-scene SLC images, and
the final selection of PS points is a fusion of these two methods.
As shown in Figure 3b, by using both spectral characteristics
and amplitude deviation for point selection, 6,580 points were
extracted, shown in red in the figure. Clearly, low coherence severely
affected the selection results. However, by selecting points based
on homogeneous samples, the number of selected points was
significantly increased, greatly improving the quality for subsequent
point-time series analysis.

4.2 Time-series phase recovery

Phase Linking is used for phase optimization, which
significantly improves phase results compared to the original phase,
especially in areas with low coherence, where a certain degree of
phase information can still be recovered. This effectively increases
the number of available observation points. By using the phase
linking method, this technology overcomes the limitations of
traditional InSAR technology in regions with poor coherence,
significantly enhancing the accuracy and stability of deformation
monitoring. In large-scale deformation areas, many observation
points are not selected using traditional methods due to the effects
of spatiotemporal decorrelation. However, after phase linking
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optimization, these observation points can potentially be restored,
greatly increasing the number of available observation points and
improving the reliability of deformation data. The application of this
optimization technology in deformation monitoring, especially in
complex terrains or extreme environments, is of great significance.

Figures 4a,b show the comparison before and after optimization
for the 20231019_20231031 interferogram, where the XY axes
represent pixel distance. The interferogram before optimization
exhibits significant noise, particularly at the boundaries of high-
coherence regions, where the image details are blurry, affecting
the accuracy of deformation analysis. After applying the Phase
Linking technology, the optimized interferogram can more
stably and reliably extract phase information, with significantly
improved boundary clarity and overall phase recovery. Compared
to traditional spatial filtering methods, Phase Linking filters in the
time domain, which more effectively captures the spatiotemporal
characteristics in the observational data, thus optimizing the
phase recovery.

Figures 4c,d show the comparison before and after optimization
for the 20231019_20231206
improvement in phase recovery after optimization further verifies

interferogram. The significant
the universality and reliability of Phase Linking across different
interferograms. In this interferogram, the optimized phase map
shows clearer details and significantly reduced noise, indicating that
Phase Linking technology not only meets the optimization needs
of a single interferogram but also has strong versatility, making it
widely applicable to deformation monitoring in different time spans
and geographic environments.

4.3 Time-series deformation extraction
and analysis

Figure 5 shows the line-of-sight (LOS) deformation rate of
the study area obtained using different methods. The study area
primarily consists of mountainous terrain with dense vegetation
cover, lacking typical strong scatterer targets such as buildings and
bare rock. This makes it difficult for the traditional SBAS-InSAR
method to obtain effective point target information, resulting in
a sparse distribution of point targets in the analysis (Figure 5a).
This limitation restricts the application of SBAS-InSAR in complex
terrain and vegetation-covered areas, particularly in low-coherence
regions, where traditional methods fail to provide enough valid
information, making accurate deformation monitoring challenging.
In contrast, the DS-InSAR method significantly improves the
spatial density of point targets by optimizing the data processing
workflow and enhancing the coherence of the interferogram.
This is particularly effective in low-coherence areas (Figure 5b).
This method effectively overcomes the limitations of traditional
SBAS-InSAR, and even in complex terrain environments such
as high mountains and dense forests, it can stably extract more
point targets and perform precise deformation monitoring. This
makes DS-InSAR the preferred method for application in adverse
environments.

Figures 5¢,d show that although there are slight differences
in the deformation results between the two methods in terms
of time series, the overall trends are consistent. At feature point
P1, the maximum cumulative deformation using the SBAS-InSAR
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method is —140 mm, while the DS-InSAR method gives a maximum
cumulative deformation of —130 mm. At feature point P2, the
maximum cumulative deformation for the SBAS-InSAR method
is —80 mm, and for DS-InSAR it is —70 mm. Although these
differences are relatively small, they still indicate a significant
bias in deformation estimation using the SBAS-InSAR method.
This bias may be due to the insufficient processing ability of the
method in low-coherence areas, leading to an overestimation of
deformation values.

Further comparison of the time series reveals a clear phase
change in the deformation behavior of the study area. At feature
points P1 and P2, a sudden change in deformation trend is observed
around April 2024, characterized by a significant acceleration in the
deformation rate. This change may be related to geological activity,
climate change, or human engineering activities in the region.

5 Discussion and conclusion

The construction of ultra-high voltage transmission corridors
typically requires traversing complex geological environments such
as mountains, hills, and rivers. These areas are often prone
to geological disasters. On the other hand, the detectability in
vegetation-covered, low-coherence regions is significantly reduced.
These regions, often regarded as monitoring blind spots, warrant
further attention.

The study area selected in this paper lies within an ultra-
high voltage transmission corridor. This region exhibits significant
topographical changes, with continuous elevation variations and
terrain features. Additionally, the dense vegetation cover makes it
an ideal area for algorithm validation. The Phase Linking phase
optimization technology has significant advantages in handling
complex environments, improving deformation monitoring
accuracy, increasing the number of observation points, and
enhancing monitoring stability. By using the phase linking method,
this technology overcomes the limitations of traditional InSAR
technology in regions with poor coherence, significantly enhancing
the accuracy and stability of deformation monitoring. In large-
scale deformation areas, many observation points are not selected
using traditional methods due to the effects of spatiotemporal
decorrelation. However, after phase linking optimization, these
observation points can potentially be restored, greatly increasing
the number of available observation points and improving the
reliability of deformation data. The application of this optimization
technology in deformation monitoring, especially in complex
terrains or extreme environments, is of great significance.

Furthermore, the time series analysis results from two InSAR
methods offer valuable insights. Although DS-InSAR tends to be
more conservative in deformation estimation, it provides a more
stable and reliable deformation trend, especially in low-coherence
regions. However, the SBAS-InSAR method, while limited in data
processing and result estimation, can still be effectively applied
in areas with strong scatterer targets. DS-InSAR, by optimizing
data processing algorithms, enhances monitoring capabilities
in low-coherence regions, making it particularly suitable for
deformation monitoring in complex terrains and vegetation-covered
areas. It shows stronger applicability and accuracy compared to
traditional methods.
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This study addresses some key technical issues in deformation
extraction in low-coherence areas within ultra-high voltage
transmission corridors. The results show that DS-InSAR can
effectively tackle the deformation errors caused by sparse InSAR
monitoring points in low-coherence regions. After optimization
with the Phase Linking method, the phase results are significantly
improved, with clearer boundaries of deformation regions and
a significant reduction in noise. Additionally, the number of
valid monitoring points increased from 1481 to 7698, leading
to the extraction of reliable deformation results. The annual
average deformation rate extracted using SBAS-InSAR is —146
to —49 mm/year, while the annual average deformation rate
extracted using DS-InSAR is —144 to —74 mm/year. The overall
deformation trends are similar, but the SBAS-InSAR technology
slightly overestimates the magnitude of deformation. The successful
application of this method provides a feasible approach for
deformation extraction in low-coherence regions and offers
theoretical support for addressing geological disaster-related issues
in the construction of ultra-high voltage transmission corridors.
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