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ABSTRACT

Much attention was paid on monitoring of the subsidence
along large-scale man-made linear features (LMLFs). The
high resolution SAR data offers impressive detail on these
infrastructures. In this work, we validate the time series
results along a certain railway in China with high density
leveling campaign. The Leveling points are distributed along
the railway line and each two leveling points are 60 m
disperse and the temporal interval is nearly one month. The
study area is located in the west of Tianjin downtown,
covering an area of 1.5 km * 7.46 km. The validation results
show that the average subsidence rate and time series of PS
results are agreed well with that of these leveling points.

Index Terms—~Railway, validation, subsidence, INSAR,
high density leveling campaign

1. INTRODUCTION

In China, ground subsidence becomes one of the most severe
and widespread geological hazard. Moreover, with the rapid
development of urban cities, numerous large-scale man-
made linear features (LMLFs), such as railways, highways,
and power lines, have been constructed and they become
economic lifeline of each region. The subsidence along these
LMLFs has caused a lot of attention [1, 2], for not only the
loss of financial investment but also lives at many places.

The station observation of deformation depending on
leveling and GPS network, is costly, time consuming and
laborious. By contrast, multi-temporal INSAR (MT-INSAR)
analysis techniques were proved to be a powerful tool for
deformation monitoring with  high spatial-temporal
resolution [3]. New generation SAR satellite can provide
high resolution data of 1 m with short revisit of 11 days,
which provides potential ability for identifying targets that
need detailed information.

With applying optional MT-INSAR methods [4-7], high
density of Permanent Scatters (PS) points can be detected
and more precise subsidence monitoring information can be
extracted with very high resolution SAR data. Subway
tunnels and several highways in Shanghai urban area were
monitored with time series INSAR data collected by Cosmo-
skyMed satellites. The high resolution data of 3 m reveals
impressive details of the ground surface deformation [8].
TomoSAR [9, 10] and higher-order permanent scatterers
analysis [11, 12] were found to be useful ways to interpret
the height and the deformation of building areas, especially
for the very high buildings areas. Meanwhile, X-band PSI
analysis makes possible the analysis and interpretation of the
thermal expansion signal of single objects like buildings and
bridges [13, 14]. Moreover, an extended PSI model is
exploited to generate a new PSI product: thermal map [15].
Multiview TomoSAR points clouds were used to reconstruct
building facades [16].

However, it is difficult to validate the time series results
along LMLFs with high density leveling campaign. In this
paper, we introduce the research carried out on the
validation of time series analysis. We estimate the real
precision of subsidence monitoring from high resolution
MT-INSAR analysis by validating with leveling data of high
spatial/temporal sampling. TSX MT-INSAR analysis for
subsidence monitoring was carried out by using SARPROZ
[17]. The output of the work will be useful to provide
reference and will be helpful to further planning of
subsidence monitoring over LMLFs.

2. STUDY AREA AND LEVELING DATA

The study area is located in the west of Tianjin downtown,
covering an area of 1.5 km * 7.46 km. The corresponding
reflectivity map is extracted from high resolution TSX data
and illustrated in Figure 1. The railway line is highlighted



with blue frame. The corresponding TSX PS results of study
area can be extracted as illustrated in Figure 2. The color bar
represents the subsidence rate ranges from -90 to -10 mm/yr.

Table 1 leveling data acquisitions

No.  acquisition ~ No.  acquisition No. acquisition

time time time
1 200908 7 201003 13 201009
2 200910 8 201004 14 201010
3 200911 9 201005 15 201011
4 200912 10 201006 16 201012
5 201001 11 201007 17 201101
6 201002 12 201008

42 leveling points are collected along the railway line
and these leveling points are located as shown in figure 2.
Table 1 gives the acquisition date of leveling data with the
frequency of once every month and there are 17 times in
total. The accuracy of leveling measurements is 2 mm/km
according to Chinese secondary leveling measurement. As
the exact acquisition date is unknown, 15th of each month is
assumed. Moreover, the initial subsidence is assumed to be
zero and starts from 15" August 2009. Leveling points are
distributed along the railway line every 60 m. We discard
the leveling points whose minimum distance from PS points
is larger than 50 m. There are 41 leveling points left,
numbered from ID 1 to 41.
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Figue 1 Study area. The blue fram marked the exprimental area
within 1.5 km * 7.46 km.
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Figure 2 The linear subsidence velocity map along LOS direction.
The colorbar represents the subsidence rate ranges from -90 to -10
mm/yr. The location of leveling points marked with black points.

<

N NG o< ~

3. THE VALIDATION PLAN

Our validation plan is divided into the following aspects in
view of the characteristics of two distinct measurements of
leveling and PS results.

(1) The average subsidence rate of PS results is
extracted to compare with that of leveling data. Nearest
neighbor method is adopted to select PS points.

(2) The time series of PS results are extracted to
compare with leveling data. Because of the different
acquisition time between leveling and TSX data, PS results
are interpolated according to the acquisition time of leveling
data.

(3) The average subsidence rates of all points from
leveling and PS results are plot along the railway in order to
evaluate the accuracy for describing subsidence of the
railway line.

4. VALIDATION WITH LEVELING DATA
4.1 The average subsidence rate comparison

The average subsidence rate of nearest PS points was
selected to compare with the leveling data. The comparison
of average subsidence rate between PS results and leveling
is summarized as shown in Table 2. During the comparison
of average subsidence rate between PS results and leveling,
the whole RMSE is 3.78 mm/yr, maximum error is 9.54
mm/yr and minimum is 0.06 mm/yr. The points with error
larger than two times RMSE can be regarded as outliers and
discarded. After coarse errors discarded, the whole RMSE is
2.55 mm/yr, maximum error is 4.74 mm/yr and minimum is
0.06 mm/yr. CC from linear regression is 0.82, very close to
1 (ideal condition). Then, the average subsidence rate
comparison results show relatively good agreement between
PS results and leveling measurements.
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Figure 3 The regression analysis and error histogram of average
subsidence velocity between PS results and leveling measurements
along railway. (a) Regression of average velocity by using nearest
neighbor method. (b) Error histogram of average velocity by using
nearest neighbor method. (c) Regression of average velocity by
using nearest neighbor method without outliers. (d) Error
histogram of average velocity by using nearest neighbor method
without outliers.



Meanwhile, the linear regression can be done between
PS results and leveling. As shown in Figure 3(a), the CC
between these two distinct measurements is 0.72, close to 1.
The error histogram as illustrated in Figure 3(b) represents
error ranging from -8 to 10 mm/yr. It is noted that the whole
subsidence rate of this area is large, ranging from -70 to -50
mm/yr. After discarding outliers, the CC is 0.82, very close
to 1. The error histogram represents error ranging -5 to 3
mm/yr.

Table 2 The comparison summary of average subsidence rate
between PS results and leveling (unit: mm/yr)

Nearest neighbor RMSE MAX MIN CC points
With outliers 3.78 954 0.06 0.72 40
Without outliers 2.55 474 0.06 0.82 34

The average subsidence velocity along the railway is
plot according to point ID as Figure 4 shows. It is clearly see
that InNSAR results and leveling measurements keep high
consistency. Both of them show spatial uneven subsidence in
some regions. The average subsidence velocities increase at
ID 17, ID 18, ID 19, ID 20, ID 23, ID 24 and ID 25 from
both PS results and leveling, which demonstrates these two
measurements are in good agreement with each other.
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Figure 4 The average subsidence velocity comparison along the
railway line.

4.2 The displacement comparison

In order to evaluate the accuracy of INSAR results, the
displacement of PS results are extracted and compare with
leveling at each point. Due to the different acquisition time
between leveling and TSX data, PS results are interpolated
according to the acquisition time of leveling data. Select the
nearest PS point around each leveling point, extract the
displacement along time series and interpolate the value
according to the acquisition time of leveling data.

Table 3 The displacement comparison between PS results and
leveling (unit: mm)

Nearest neighbor RMSE MAX MIN CC points
With outliers 382 1591 0.01 0.92 520
Without outliers 2.20 434 001 098 464

From Table 3, the accumulated RMSE is 3.82 mm,
maximum error is 15.91 and minimum is 0.01 mm. After the
coarser errors are discarded, the RMSE of 464 observations
is 2.20 mm, maximum error is 4.34 and minimum is 0.01
mm.
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Figure 5 The regression analysis and error histogram of
displacement between PS results and leveling measurements along
railway. (a) Regression of displacement by using nearest neighbor
method. (b) Error histogram of displacement by using nearest
neighbor method. (c) Regression of displacement by using nearest
neighbor method without outliers. (d) Error histogram of
displacement by using nearest neighbor method without outliers.
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Figure 6 The displacements of PS results and leveling along the
railway line. (a) The displacement of leveling. (b) The
displacement of PS results.



The linear regression of displacement can be done
between PS results and leveling. As shown in Figure 5(a),
the CC between these two distinct measurements is 0.94,
very close to 1. The error histogram as illustrated in Figure
5(b) represents error ranging from -10 to 15 mm. After
discarding coarse error, the CC is 0.98, very close to 1. The
error histogram represents error ranging -5 to 5 mm.

From the displacement comparison between PS results
and leveling, we found that the displacements of most points
detected by these two measurements are in good agreement.
As Table 3 shows, the accumulated RMSE is 3.82 mm, and
2.20 mm after. CC from linear regression is 0.94 and 0.98
after discarding outliers, very close to 1 (ideal condition).
The error ranges from -5 to 5 mm as Figure 5 (d). These
results demonstrate the accuracy of displacement from PS
results can achieve 2.20 mm compared with leveling
measurement, which proves these two measurements show
high consistency. That can be confirmed from Figure 6.

5. CONCLUSIONS

High resolution SAR data show high potential ability for
monitoring LMLFs including highways, railways and power
lines. Nevertheless, little validation has been carried out
along these LMLFs, usually due to lack of the subsidence
information of leveling points. The validation experiment
shows the average velocity and displacement of PS results
along the railway are well agreeing with that of leveling data,
which provides reference and guidance for applying PS
technique with high resolution SAR data to monitor
subsidence of large-scale linear man-made infrastructures.
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