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Abstract

Land subsidence along the southwestern area in Taiwan is a serious problem. Traditional
precise leveling surveying and GPS surveying techniques have been implemented for land
subsidence monitoring. However, these two surveying techniques are time-consuming. In
addition, those collected point-scattering or profile-scattering data cannot provide the global
data for comprehensive analysis. Therefore, this study will investigate the feasibility of
airborne LIDAR (LIght Detection And Ranging) data for land subsidence. Airborne LIDAR
data is acquired by airborne LIDAR surveying technique. This whole new surveying
technique can collect point clouds with high point density in short time. By using the
above-mentioned characteristics, airborne LIDAR data is highly potential to provide global
data for land subsidence in short time. This study presented the results of the second year.
The objective of this study in the second year is to test the algorithm for land subsidence
analysis developed in the first year by using the collected airborne LIDAR data in 2007 and
2008. The possible factors affect the agorithm will be investigated and the caculated amount
of land subsidence will be verified by annual subsidence amount collected by leveling
surveying and isarithmic map caculated from annual subsidence amount. The proposed
algorithm for land subsidence analysis is first to divide the collecting DSM points in the
monitor area into regular grids. Secondly, all the points in the regular grids are fitted to one
set planar parameters by least squares principle and the centric elevation of each grid is
calculated. Third, the flatness and well-defined planar grids are selected as the monitoring
surfaces with the manual or automatic method. Finally, the difference of centric elevation in
each monitoring surfaces at different period is calculated and analyzed with statistical
approach. This study shows that our approach can extract stable monitoring surfaces by
limiting planar fitting accuracy, flatness, slope, intensity, or by using road information. The
extracted correct rate can be more than 80%. The discrepancy of elevation difference between
this study and long-term monitoring result is between 1.3 and 2.9 cm. It proves the proposed
approach is helpful on constructing the automatic method for land subsidence monitoring in
the future.

Keywords: Land subsidence, LIDAR, Disaster Simulation.
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AEFRIEB DGR AT T Ad N FF MR RE ST HPIEY AL & E BRI
REgis s bas & 5 5 o $RPFE e (BHEE) 1R 2007 & f 2Ap 4 F e
BRSPS R DB R AR F AR 0 5 E P 1 FB-0 1645 BARFIRE 6
AL 8 2007 & Rhok A (ARt bleel )~ 2008 EF R AEE F B AR LR
(2007 & R 45k 5455 B E- 2008 & K &35 B ) & {740 B (2 cth 20 " SPSSHHA i A
(Pearson) #p B a#icis T2 %40 43 -

F 43 AL B R B EAPM Glch

pai | ZLRE ) RN, | Fawnaz
Pearson Correlation 1 -.580%* -.537%* -.573%*
B AL Sig. (2-tailed) .000 .000 .000
N 1645 1645 1645 1645
2007 2 4 P.earson Cprrelation -.580%* 1 970** 913%*
b5 R Sig. (2-tailed) .000 .000 .000
N 1645 1645 1645 1645
Pearson Correlation -.537** 970** 1 785%*
2008 F 35 R Sig. (2-tailed) .000 .000 .000
N 1645 1645 1645 1645
Pearson Correlation -.573%%* 913%* 785%* 1
EY TR Sig. (2-tailed) .000 .000 .000
N 1645 1645 1645 1645

**  Correlation is significant at the 0.01 level (2-tailed).

d & 437 50> BALLE 20072008 F iR E A EchF W B LR R EER
(p=0.000<0.05) 5 I° B f 40 M > 4B A B E A W 5 -0.580 ~ -0.537 ~ -0.573 » 7 I K
Bpag R R OF 5B A EARY o BARAL chficiE 4% (T mER AR )

2B #2007 (RdsF B35 B E )~ 2008 & chk S5p B BT iaE o 11 1645 B Lok
Btag BT IoH BT H A N B~ M B E R R T A REF LGP R T R
TR E 443 245 TR 1645 BRI AR LB E N T840 FA S E ~ KA
BFSBEREAR S T ARSERARL UM AR T TR AoR 46 £ 470

%44 BARL R F s RPN ki

B AzAL B 5 ba R
Pearson Correlation 1 -381%**
%A Sig. (2-tailed) .000
N 831 831
Pearson Correlation -.381%%* 1
%R ot R Sig. (2-tailed) .000
N 831 831

**  Correlation is significant at the 0.01 level (2-tailed).
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B E St
Pearson Correlation 1 -.089*
¥ AeA Sig. (2-tailed) 011
N 814 814
Pearson Correlation -.089%* 1
YIRS Sig. (2-tailed) 011
N 814 814

*  Correlation is significant at the 0.05 level (2-tailed).
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Sig. (2-tailed) .000
N 823 823
Eearscl’nt, - 350 1
~ K 5‘&&;‘- orrelation
B MR Sig. (2-tailed) 000
N 823 823

**  Correlation is significant at the 0.01 level (2-tailed).
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Sig. (2-tailed) .000
N 822 822
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RE M Sig. (2-tailed) 000
N 822 822

**  Correlation is significant at the 0.01 level (2-tailed).
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TN R OITIE R EANORPIE 12 Bk ERE (AN 2008a) Hikilp BEE R
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Land subsidence monitoring using airborne LIDAR data and relevant auxiliary data

Hsing-Yi1 Hsieh, Chin-Chung Lee, Shih-Hong Chio
National Chengchi University (Chinese Taipei)
Phone: +8862 2939 3091 #50621, Fax: +8862 2937 9611
Email: 97257024(@nccu.edu.tw
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ABSTRACT

Precise leveling has high accuracy for land subsidence monitoring, but it is time-consuming and
only profile data can be captured. Airborne LiDAR (Light Detection And Ranging) acquires
dense and accurate point clouds on land surface rapidly. This technique can offer the potential for
comprehensive analysis of land subsidence. However, the point clouds could be located on
unstable terrain objects, and the accuracy of single point in point clouds may not be suitable for
the evaluation of land subsidence in regular flight scanning design. After specific flight scanning
design, the extraction of point clouds on stable terrain objects, e.g. road surfaces or building
rooftops, and accurate elevation determination on the representative location for land subsidence
monitoring are necessary. In this study, the test area with 2 km by 10 km will be divided into Sm
by 5m sub-grids and each centric elevation of the grid will be calculated by the fitting planar
parameters, which is determined by least squares fitting according to the point clouds in each grid.
Subsequently, three approaches for acquiring stable monitoring planes will be presented in this
study: (1) to classify the point clouds on stable terrain objects by its intensity, (2) to extract the
point clouds on road surfaces from the road information in the topographic maps with 1/5,000
scale, (3) to extract the point clouds on rooftops from the building information in the topographic
maps with 1/5,000 scale. Finally, the land subsidence between two different periods of airborne
LiDAR data from the approaches mentioned above will be evaluated and analyzed based on the

collected ground truth.

1. INTRODUCTION

Land subsidence in Yunlin County, an important agricultural area in Taiwan, has caused
threats to people’s property and civil infrastructures. Therefore, comprehensive and accurate
land subsidence monitoring is an important reference for disaster prevention. Currently
monitoring approaches for land subsidence can be categorized into 2 classes: surface
monitoring and subsurface monitoring. The former contains precise leveling, global
positioning system (GPS), differential interferometry SAR (DInSAR), and airborne light

detection and ranging (LiDAR), and the latter contains multi level monitoring well.
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Among the approaches, DInSAR and airborne LiDAR have the most potential for acquiring

comprehensive data for land subsidence automatically. Especially the spatial resolution and
the mobility of airborne LiDAR approach are better than DInSAR approach (Table 1), so

airborne LiDAR approach will be used for land subsidence monitoring in this study.

Table 1 Comparison Table for Various Monitoring approaches (Adapted from Hwang et al.,

2008)

Approach Precise Leveling GPS DInSAR LiDAR Monitoring Well
Spatial Resolution 1.5~2 km 10~15 km 25m 1~4 points/m’ 5~10 km
Survey Frequency 1 year 1 day 35 days Free 1 month

. = 15cm
Vertical Accuracy 0.5~1 cm 0.5~1 cm 2 cm ) ) 0~0.5 cm

(single point)

2. DATAAND METHODS

In Table 1, the vertical accuracy of airborne LiDAR single point is not as good as other

approaches. However, the vertical accuracy of airborne LiDAR single point is affected by

flying altitude, aircraft speed, pulse rate, cross strips, and scan rate, etc. Appropriate flight

planning and design can promote the vertical accuracy of airborne LiDAR single point to 5 cm
(Hsu, 2007). The flight parameters for this study are listed in Table 2, and the test area with 2
km by 10 km locates in Yunlin County. According to the records from Taiwan Water Resource

Agency, the average subsidence rate of this area is -8.6 cm/year and the maximum subsidence

rate is -9.3 cm/year.

Table 2 Flight and Technical Parameters of Airborne LiDAR Scanning Data

2007.2.4 2008.3.16 General cases
Total strips 53 = Depending on the project requirements
(test site) (test site)
Cross strips 6 3 Depending on the project requirements
Flying altitude (m) 600 600 800 ~ 1200
Aircraft speed (km / hr) 166.7 154 203
Scan angle (°) +15 +15 +18
Pulse rate (KHz) 50 33 70
Scanning rate (Hz) 43 33 Adjust to other parameters
Average ground swath (m) 322 322 520 ~ 780
30% strips overlap (m) 96 96 156 ~234
2 (Average subsidence rate:
GPS base station PAO1: -9.4cm/year 2
PAO02: -8.8cm/year )
Distance between the strips
and GPS base stations (km) =20 =20 =20
Internal accuracy 4.6 cm 3.0 cm --

The laser footprints between two periods may not be on the same location, and this will cause
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some problems in computing the height difference. In addition, according to Crombaghs and
Briigelmann (2000), the height differences can be computed as mean differences for groups
of minimal 100 points in a specific area to reduce the noise of individual point. The specific
area should be flat and smooth, otherwise small planimetric errors might have a large impact
on the mean difference. As a result, multiple points in an area are used to get a fitting plane
and those fitting planes could supply bases for comparison between two-period data in this
study. The followings will describe the approach used in this study.

The spatial resolutions of the point clouds in this study are about 4 points/m®. And 5m by 5m
sub-grids are used to divide the point clouds first. Second, the point clouds in each sub-grid
are used to determine a fitting plane by least squares method. If the standard error of the
fitting plane is over 4.6 cm, this plane would not be accepted as possible monitoring plane.
Third, the centric elevations of each fitting planes will be used to compute the height
difference, and the mean intensity value of the point clouds in a sub-grid is used to represent
the intensity value of the fitting plane. Finally, three approaches were used to acquire stable
monitoring planes: (1) classifying the point clouds on stable terrain objects by its intensity, (2)
extracting the point clouds on road surfaces from the road information in the topographic
maps with 1/5,000 scale, (3) extracting the point clouds on rooftops from the building
information in the topographic maps with 1/5,000 scale. The study flowchart is illustrated as
Fig. 1.

2007 LiDAR 1. Use 5mx5m sub-grids to divide [ Intensity Information ]
Point Clouds point clouds y
2.Get fitting planes by LS method Extract stable Lz
> 3.Calculate the centric elevation Y subsidence
and mean intensity value analysis

2008 LiDAR 4.Eliminate the plane with standard A

Point Clouds error=4.6 cm Topographic M'ap. (1/5000)

Road / Building

Figure 1 Study Flowchart

3. RESULTS AND DISCUSSIONS

During the process of evaluating the height differences, 95% confidence interval is used to
screen the unstable area out (Fig. 2). Besides, in order to get more reliable stable planes, some
thresholds are chosen after trail and error: (1) the slope of a fitting plane should be less than
5°, (2) the change rate in slope of the fitting planes between two periods should be less than
20%, (3) the change rate in aspect of the fitting planes between two periods should be less
than 20%, (4) the angle difference of the fitting planes between two periods should be less
than 2°. At last, the mean intensity value of the fitting plane and the information in the
topographic maps are used to extract the stable monitoring planes. The results are listed in
Table 3 and displayed as Fig. 3.
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Figure 2 Distribution of the Height Difference
Table 3 Results of Extracting Stable Monitoring Planes by Different Auxiliary Information

Auxiliary ) o Topographic Maps with
. Average Intensity Value of the Fitting Plane None
Information 1/5,000 Scale
Used Intensity 0-70 (all 5-8 14-18 o
5-8 and Road Building
Value/ surface (asphalt | (man-made ) ) ) ) --
_ 14-18 | information | information
Information features) roads) | structures)
Specific the change rate in intensity of the fitting planes
none none
Threshold between two periods should be less than 20%
Amount of
_ 1645 552 120 672 647 58 3869
Extracting Planes
Amount of
] 1063 427 107 534 -- -- --
Confirmation
Correct Rate 63 % 77 % 89 % 80 % -- -- --
Average -13.5 -9.8 -17.7 -11.4 -11.3 -17.2 -12.9
Subsidence Rate cm/year | cm/year | cm/year | cm/year cm/year cm/year | cm/year

I & .
-

Sy

ation

(b)Blue Point: Extracted by Road Information; Magenta Point: Extracted by Building Inform
Figure 3 Extracting Results Overlapped on the Orthophotos
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Before introducing the specific threshold of intensity value, this study deals with the
attenuation of the laser intensity by a multiplication constant. And the correct rate in Table 3 is
the ratio of the amount of extracting planes to the amount of confirmation. In the confirming
processing, all planes extracted by the intensity value threshold are displayed on the
orthophotos. And then, each plane is checked manually. When the information of the
topographic maps is used to extract stable planes, the confirming process is cancelled. This is
because the accuracy of the orthophotos may be close to or be worse than the accuracy of the

topographic maps.

Comparing the results in Table 3 with the subsidence rates of the two GPS base stations
(Table 2), and the records of the Water Resource Agency, the results of extracting the stable
monitoring planes by the intensity of asphalt roads and by the road information of the
topographic maps with 1/5000 scale are closed to the subsidence rates of the GPS base
stations and the records. The land subsidence rates resulted from the intensity of man-made
structures and the building information of topographic map are almost twice as much as these
reference records. During the data processing, diverse noise is eliminated. As far as error
source is concerned, the subsidence rates extracted by the intensity of man-made structures

and by the building information of topographic maps might include some systematic errors.

The main principle of laser altimetry system is measuring the time delay of a laser pulse
between the transmission and return. However, the waveform of the return pulse and the modes
of the time estimation would affect the accuracy of time measuring. This could be stated in the
Fig. 4 (Abshire et al., 1994). According to Wang (2007), if the time estimation mode adopts
Mean or Mid Point method, different intensity may cause errors in elevation. On account of that
the original intensity value of the man-made structures and the buildings are higher than the

asphalt roads and the roads, the subsidence rates of the buildings might be greater than the

roads.
Vo]l.a {+] 5 isetime “enter of Area
g Ccn[cr - Pca-k Val j.-f o Vol r‘ P " .
oliage Y allage foa 2
T of ATC< + \\\“r} D, fJTu Vr = {::Mr
l T Ay f,:f‘/;".'z‘-m : =
50% Rise- fsa g fea !
time Point\
\_§ Peak Mean
y Volage /+\ Volage I _f".l ndr
| \\\ . \\. orm = | £ I(E)dr
Threshold Crossing _/__.—.5. e
Y . ] <r 1
Midpoint
First Last Volage | N
= [N metien
> / P~
Time s
(a) Digitized Waveform with Timing Estimators (b) Waveform Timing Estimators

Figure 4 Waveform and Timing Estimators
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4. CONCLUSIONS

This paper applies the LiDAR altimetry data and the relevant auxiliary information to land
subsidence monitoring. Three approaches for acquiring stable monitoring planes are
presented and discussed: (1) classifying the point clouds by its intensity, (2) extracting the
point clouds on road surfaces by using the topographic maps with 1/5,000 scale, (3)
extracting the point clouds on buildings by using the topographic maps with 1/5,000 scale.

From the results of the experiment, a flat and stable monitoring surface with lower intensity
value, e.g. the asphalt road, can obtain reasonable subsidence rate and provide a more
automatic method for land subsidence monitoring. Additionally, a specific surface feature with
lower intensity value is a better land subsidence monitoring plane than the feature with higher
intensity value, e.g. a man-made structure. There seems to have some systematical error in the
result of extracting man-made structures, and the mechanism of LiDAR needs to be discussed

more profoundly.

Using relevant auxiliary data, such as the road and building information in the topographic
maps, can extract the stable monitoring planes, but the result would be limited to the accuracy
of the relevant auxiliary data. If more accurate relevant auxiliary data could be obtain, e.g.

road information from 1/1000 topographic maps, the result should be improved.
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Land subsidence monitoring using airborne LiDAR point clouds and
relevant auxiliary data
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Abstract

This study will use airborne LiDAR technique to acquire dense and accurate point
clouds on land surface for land subsidence monitoring. However, the accuracy of single point
in point clouds may be unsuitable for land subsidence monitoring, and the point clouds
located on unstable surface of terrain objects should be removed. To deal with these problems,
the test area with 2 km by 10 km will be divided into 5m by 5m sub-grids. Then the point
clouds in each grid are used to fit plane by least squares principle. To acquire stable
monitoring planes, the geometric constraints of the fitting planes and two kinds of relevant
auxiliary, the road information and building information in the topographic maps with
1/5,000 scale, are employed. Next the centric elevation of the plane in each grid will be
calculated based on fitting parameters. Finally, the height difference of each stable
monitoring planes between two periods will be evaluated and analyzed with the collected

ground truth data.

Keyword: Surveying, LIDAR, Point Clouds, Land subsidence, Monitoring
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ABSTRACT

Precise leveling has high accuracy for land subsidence monitoring, but it is time-consuming and
only profile data can be captured. Airborne LIiDAR (Light Detection And Ranging) acquires dense
and accurate point clouds on land surface rapidly. This technique can offer the potential for
comprehensive analysis of land subsidence. However, the point clouds could be located on unstable
terrain objects, and the accuracy of single point in point clouds may not be suitable for the
evaluation of land subsidence in regular flight scanning design. After specific flight scanning design,
the extraction of point clouds on stable terrain objects, e.g. road surfaces or building rooftops, and
accurate elevation determination on the representative location for land subsidence monitoring are
necessary. In this study, the test area with 2 km by 10 km will be divided into 5m by 5m sub-grids
and each centric elevation of the grid will be calculated by the fitting planar parameters, which is
determined by least squares fitting according to the point clouds in each grid. Subsequently, three
approaches for acquiring stable monitoring planes will be presented in this study: (1) to classify the
point clouds on stable terrain objects by its intensity, (2) to extract the point clouds on road surfaces
from the road information in the topographic maps with 1/5,000 scale, (3) to extract the point clouds
on rooftops from the building information in the topographic maps with 1/5,000 scale. Finally, the
land subsidence between two different periods of airborne LIDAR data from the approaches
mentioned above will be evaluated and analyzed based on the collected ground truth.

1. INTRODUCTION

Land subsidence in Yunlin County, an important agricultural area in Taiwan, has caused threats
to people’s property and civil infrastructures. Therefore, comprehensive and accurate land
subsidence monitoring is an important reference for disaster prevention. Currently monitoring
approaches for land subsidence can be categorized into 2 classes: surface monitoring and
subsurface monitoring. The former contains precise leveling, global positioning system (GPS),
differential interferometry SAR (DINSAR), and airborne light detection and ranging (LiDAR),
and the latter contains multi level monitoring well.

Among the approaches, DINSAR and airborne LIiDAR have the most potential for acquiring



comprehensive data for land subsidence automatically. Especially the spatial resolution and the
mobility of airborne LIDAR approach are better than DINSAR approach (Table 1), so airborne
LiDAR approach will be used for land subsidence monitoring in this study.

Table 1 Comparison Table for Various Monitoring approaches (Adapted from Hwang et al., 2008)

Approach Precise Leveling GPS DInSAR LiDAR Monitoring Well
Spatial Resolution 1.5~2 km 10~15 km 25m | 1~4 points/m? 5~10 km
Survey Frequency 1 year 1 day 35 days Free 1 month

. = 15cm
Vertical Accuracy 0.5~1cm 0.5~1cm 2cm ] ) 0~0.5cm

(single point)

2. DATAAND METHODS

In Table 1, the vertical accuracy of airborne LIDAR single point is not as good as other approaches.
However, the vertical accuracy of airborne LiDAR single point is affected by flying altitude,
aircraft speed, pulse rate, cross strips, and scan rate, etc. Appropriate flight planning and design
can promote the vertical accuracy of airborne LiDAR single point to 5 cm (Hsu, 2007). The flight
parameters for this study are listed in Table 2, and the test area with 2 km by 10 km locates in
Yunlin County. According to the records from Taiwan Water Resource Agency, the average
subsidence rate of this area is -8.6 cm/year and the maximum subsidence rate is -9.3 cm/year.
Table 2 Flight and Technical Parameters of Airborne LiDAR Scanning Data

2007.2.4 2008.3.16 General cases
Total strips 83_ 13_ Depending on the project requirements
(test site) (test site)
Cross strips 6 3 Depending on the project requirements
Flying altitude (m) 600 600 800 ~ 1200
Aircraft speed (km / hr) 166.7 154 203
Scan angle (°) +15 +15 +18
Pulse rate (KHz) 50 33 70
Scanning rate (Hz) 43 33 Adjust to other parameters
Average ground swath (m) 322 322 520 ~ 780
30% strips overlap (m) 96 96 156 ~ 234
2 (Average subsidence rate:
GPS base station PAOL: -9.4cm/year 2
PAO02: -8.8cm/year )
Distance between the strips
and GPS base stations (km) <20 <20 <20
Internal accuracy 4.6 cm 3.0cm --

The laser footprints between two periods may not be on the same location, and this will cause



some problems in computing the height difference. In addition, according to Crombaghs and
Brigelmann (2000), the height differences can be computed as mean differences for groups of
minimal 100 points in a specific area to reduce the noise of individual point. The specific area
should be flat and smooth, otherwise small planimetric errors might have a large impact on the
mean difference. As a result, multiple points in an area are used to get a fitting plane and those
fitting planes could supply bases for comparison between two-period data in this study. The
followings will describe the approach used in this study.

The spatial resolutions of the point clouds in this study are about 4 points/m?. And 5m by 5m
sub-grids are used to divide the point clouds first. Second, the point clouds in each sub-grid are
used to determine a fitting plane by least squares method. If the standard error of the fitting
plane is over 4.6 cm, this plane would not be accepted as possible monitoring plane. Third, the
centric elevations of each fitting planes will be used to compute the height difference, and the
mean intensity value of the point clouds in a sub-grid is used to represent the intensity value of
the fitting plane. Finally, three approaches were used to acquire stable monitoring planes: (1)
classifying the point clouds on stable terrain objects by its intensity, (2) extracting the point
clouds on road surfaces from the road information in the topographic maps with 1/5,000 scale,
(3) extracting the point clouds on rooftops from the building information in the topographic
maps with 1/5,000 scale. The study flowchart is illustrated as Fig. 1.

2007 LiDAR 1. Use 5mx5m sub-grids to divide [ Intensity Information ]
Point Clouds point clouds v
2.Get fitting planes by LS method Extract stable Land
»|| 3.Calculate the centric elevation monitoring plane subsidence
and mean intensity value analysis

2008 LiDAR 4.Eliminate the plane with standard —

Point Clouds error=4.6 cm Topographic M-ap.(1/5000)

Road / Building
J

Figure 1 Study Flowchart
3. RESULTS AND DISCUSSIONS

During the process of evaluating the height differences, 95% confidence interval is used to

screen the unstable area out (Fig. 2). Besides, in order to get more reliable stable planes, some

thresholds are chosen after trail and error: (1) the slope of a fitting plane should be less than 5°,

(2) the change rate in slope of the fitting planes between two periods should be less than 20%, (3)
the change rate in aspect of the fitting planes between two periods should be less than 20%, (4)

the angle difference of the fitting planes between two periods should be less than 2°. At last, the

mean intensity value of the fitting plane and the information in the topographic maps are used to

extract the stable monitoring planes. The results are listed in Table 3 and displayed as Fig. 3.
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Table 3 Results of Extracting Stable Monitoring Planes by Different Auxiliary Information

mean=-13.8 cm

Auxiliary . . Topographic Maps with
) Average Intensity Value of the Fitting Plane None
Information 1/5,000 Scale
Used Intensity 0-70 (all 5-8 14-18 o
5-8 and Road Building
Value/ surface (asphalt | (man-made ) ] ] ) -
] 14-18 | information | information
Information features) roads) | structures)
Specific the change rate in intensity of the fitting planes
) none none
Threshold between two periods should be less than 20%
Amount of
] 1645 552 120 672 647 58 3869
Extracting Planes
Amount of
o 1063 427 107 534 . . -
Confirmation
Correct Rate 63 % 7% 89 % 80 % -- -- --
Average -13.5 -9.8 -17.7 -11.4 -11.3 -17.2 -12.9
Subsidence Rate cm/year | cmfyear | cm/year | cm/year cm/year cm/year | cm/year

(b)Blue Point: Extracted by Road Information; Magenta Point: Extr
Figure 3 Extracting Results Overlapped on the Orthophotos

acted by Building Information




Before introducing the specific threshold of intensity value, this study deals with the attenuation
of the laser intensity by a multiplication constant. And the correct rate in Table 3 is the ratio of
the amount of extracting planes to the amount of confirmation. In the confirming processing, all
planes extracted by the intensity value threshold are displayed on the orthophotos. And then,
each plane is checked manually. When the information of the topographic maps is used to
extract stable planes, the confirming process is cancelled. This is because the accuracy of the
orthophotos may be close to or be worse than the accuracy of the topographic maps.

Comparing the results in Table 3 with the subsidence rates of the two GPS base stations (Table
2), and the records of the Water Resource Agency, the results of extracting the stable monitoring
planes by the intensity of asphalt roads and by the road information of the topographic maps
with 1/5000 scale are closed to the subsidence rates of the GPS base stations and the records.
The land subsidence rates resulted from the intensity of man-made structures and the building
information of topographic map are almost twice as much as these reference records. During the
data processing, diverse noise is eliminated. As far as error source is concerned, the subsidence
rates extracted by the intensity of man-made structures and by the building information of
topographic maps might include some systematic errors.

The main principle of laser altimetry system is measuring the time delay of a laser pulse between
the transmission and return. However, the waveform of the return pulse and the modes of the time
estimation would affect the accuracy of time measuring. This could be stated in the Fig. 4 (Abshire
et al., 1994). According to Wang (2007), if the time estimation mode adopts Mean or Mid Point
method, different intensity may cause errors in elevation. On account of that the original intensity
value of the man-made structures and the buildings are higher than the asphalt roads and the roads,

the subsidence rates of the buildings might be greater than the roads.
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(a) Digitized Waveform with Timing Estimators (b) Waveform Timing Estimators

Figure 4 Waveform and Timing Estimators

4. CONCLUSIONS

This paper applies the LIDAR altimetry data and the relevant auxiliary information to land



subsidence monitoring. Three approaches for acquiring stable monitoring planes are presented
and discussed: (1) classifying the point clouds by its intensity, (2) extracting the point clouds on
road surfaces by using the topographic maps with 1/5,000 scale, (3) extracting the point clouds
on buildings by using the topographic maps with 1/5,000 scale.

From the results of the experiment, a flat and stable monitoring surface with lower intensity value,
e.g. the asphalt road, can obtain reasonable subsidence rate and provide a more automatic method
for land subsidence monitoring. Additionally, a specific surface feature with lower intensity value
is a better land subsidence monitoring plane than the feature with higher intensity value, e.g. a
man-made structure. There seems to have some systematical error in the result of extracting
man-made structures, and the mechanism of LIDAR needs to be discussed more profoundly.

Using relevant auxiliary data, such as the road and building information in the topographic maps,
can extract the stable monitoring planes, but the result would be limited to the accuracy of the
relevant auxiliary data. If more accurate relevant auxiliary data could be obtain, e.g. road
information from 1/1000 topographic maps, the result should be improved.
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