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ABSTRACT

The Taiwan area of mostly rugged mountains and special geological conditions 
induced catastrophic slope deformation by heavy rainfall and earthquakes. Unstable 
hillslopes present a significant problem especially to buildings because it affects the 
living safety. This article mainly discusses regions with buildings in a wide hill-
slope and proposes a set of hierarchical monitoring procedure. First, persistent scat-
ters interferometric synthetic aperture radar (PS-InSAR) technology observes a wide 
region of displacement by SAR images, hence detects result of severe displacement 
regions as the interested areas. Furthermore, multi-rotors UAV (MUAV) captures 
high-resolution images calculation deformation in the interested areas, which evalu-
ates the serious displacement as a high-risk region. Finally, the self-develop surveil-
lance cameras monitoring system achieves real-time displacement and behavior in 
the high-risk regions. The study area is located in the campus. From the hierarchical 
monitoring procedure results, PS-InSAR investigation in the large region is found to 
be reliable and reasonable, which can provide MUAV flight an effective reference. 
Both the PS-InSAR and MUAV showed a ground maximum displacement of 30 mm 
yr-1 (LOS velocity) in the interested areas where ground displacement is higher than 
the building. The advantages of surveillance cameras include obtaining real-time dis-
placement and providing clear surface erosion behavior. This study experimentally 
demonstrated and provided a reliable hierarchical monitoring procedure and defor-
mation information of different scales through three remote-sensing techniques.
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1. INTRODUCTION

Taiwan is situated at ample rainfall position and at a 
junction of seismic plates. Furthermore, two-thirds of Tai-
wanese topography consisted of hillslopes. All these factors 
induced hillslope deformation, particularly when faced with 
extreme climate events, such as Caoling, Jioufenershan, 
and Hsien-du-shan in the upstream of the village Xiaoling; 
115.9-k of Suhua highway; the Qidu section of the National 
freeway No. 3; and Lidao to Wulu section of the Southern 
Cross-Island highway. It must be noted that the historical 
events of severe deformation can reflect residential environ-
ment safety.

In general, regular data has emerged as important in-
formation for monitoring and measuring the displacement 
of large region. Results signify the need to plan a more de-

tailed evaluations deformation trend. Most especially, se-
verely deformation areas utilize real-time tool in order to in-
crease the dense time of the observations. Therefore, proper 
investigation, evaluation, and measurement of hillslopes 
can be considered as an efficient monitoring method.

Consequently, large region monitoring are commonly 
employed for SAR images. Fixed orbit and period of satel-
lites, also contribute in the investigation of surface deforma-
tion with a time series. Based on the SAR images, various 
technologies have been developed and applied (Ferretti et 
al. 2000; Hilley et al. 2004; Hooper et al. 2004), such as 
conventional differential synthetic aperture radar interfer-
ometry (DInSAR) or persistent scatters interferometric syn-
thetic aperture radar (PS-InSAR). On the other hand, multi-
rotors UAV (MUAV) can collect high-resolution images in 
specific areas, which is classified as a quickly observed and 
highly maneuverability tool. The MUAV image commonly 
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adopted photogrammetric technology techniques for obtain-
ing digital surface model (DSM) and orthophotos, which can 
be used to calculate surface deformation with multi-period. 
High-resolution orthophotos can be applied to determine the 
horizontal deformation (Fernández et al. 2015) and to ana-
lyze the deformed trend of gap (Stumpf et al. 2013). DEM 
can be used to calculate volume of deformation (Nietham-
mer et al. 2010, 2011), and the deformed trends (Carvajal et 
al. 2011). This also provides DEM of each period to register 
precise position, which could auto detect the region and di-
rection of displacement (Niethammer et al. 2012). There-
fore, MUAV has been used to monitor slope deformation as 
a measure for disaster management.

In most of the previous studies, SAR and MUAV im-
ages regularly provide deformation region and location, 
which is a key advantage of both methods. However, the 
certainty of deformation is often difficult to evaluate due 
to the lack of real-time data processes before the disaster. 
Therefore, many studies use a single surveillance camera to 
examine the situation of an area online (Akca 2013; Ide and 
Oguma 2013).

This study first used long-term PS-InSAR techniques 
to obtain deformation in a wide region, which selected a seri-
ous deformation area around buildings as an interested area. 
High-resolution of MUAV images are adopted to evaluate 
short-term deformation trends. From the information above, 
the high-risk region is determined, which can be focused 
and monitored in real-time using surveillance cameras.

Therefore, based on the advantages of PS-InSAR, 
MUAV, and surveillance cameras, this study establishes 
a set of investigation, evaluation, and real-time hierarchi-
cal monitoring procedure applied to hillslopes. This kind 
of data demonstrates an economic and timely way of using 
remote-sensing-based hazard mitigation and risk analyses.

2. STUDY AREA

In general, earthquakes and heavy rain had caused 
landslides (Nadim et al. 2006; Pesci et al. 2011). The study 
area is located in Yanchao campus of National Kaohsiung 
University of Science and Technology (NKUST), which 
belongs to Yanchao District, Kaohsiung County, Taiwan  
(Fig. 1). Its geology is composed mainly of mudstone (Lu 
2014), and the region was struck by the massive rainfall 
brought by Typhoon MEGI in 2016, which caused severe 
geological hazards and buried three lives (Chang 2018) near 
the study area, which geologically consisted of mudstone.

Geologic reports (NKUST 2009) show that the surface 
is composed of weathered mudstone and more sensitive 
deeper mudstones, which was formed rapidly that soften and 
disintegrate upon contact with water. The Central Weather 
Bureau showed that the accumulated rainfall has an average 
of 1885 mm at the Kaohsiung station during 1981 - 2010 
(Central Weather Bureau of Taiwan 2020). The rainfall is 
abundant but the distribution is uneven. The distribution 
concentrates in May to September, which accounts for more 
than 90% of the annual rainfall. The study area’s average 
slope is 27 degrees and the hillslope surface has been artifi-
cially excavated. Thus, the above hazard factors constitute 
an unsafe situation.

3. METHODOLOGIES

To effectively monitor a wide study area, this study 
proposes a monitoring procedure. First, the hierarchical 
procedure investigates a large region, which can select seri-
ous deformation area around buildings as the area of inter-
est. Short-term deformation trends in the interested area are 
evaluated as a high-risk region. Finally, a real-time method 

Fig. 1. Location of study area (a) located in the Yanchao District, Kaohsiung, Taiwan and (b) the area of Yanchao campus, NKUST.

(a) (b)
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is used to focus and monitor the high-risk region. The differ-
ent steps required above complete the hierarchical monitor-
ing procedure.

3.1 PS-InSAR

SAR images are selected to investigate the deforma-
tion for a wide area. SAR images have the advantages of 
repeated observations, all-weather situations, and large-area 
measurements. The commonly used frequencies for SAR 
images are the X-band (12.5 - 8 GHz, 2.4 - 3.75 cm wave-
length), C-band (8 - 4 GHz, 3.75 - 7.5 cm wavelength), and 
L-band (2 - 1 GHz, 15 - 30 cm wavelength) (Lillesand et al. 
2008). However, different satellites have different scanning 
frequencies. To overcome these limitations, InSAR-based 
information can be enhanced through multi-temporal inter-
ferometric techniques (MIT), based on the analysis of long 
stacks of co-registered SAR imagery (Ferretti et al. 2001; 
Crosetto et al. 2016). In the past years, several MIT ap-
proaches have been developed such as the permanent scat-
terers interferometry, named PS-InSAR™ (Ferretti et al. 
2000, 2001; Colesanti et al. 2003) and the Stanford method 
for persistent scatterers StaMPS (Hooper et al. 2004, 2007). 
This study selected StaMPS to process SAR images to ob-
tain PS (persistent scatterers) points.

PS-InSAR extends from the InSAR technique. The 
scatterers with better character and stability will be cho-
sen as PS such as for building corners, bridges, roads, or 
exposed rocks. It can provide higher radar echo signal and 
reliable phase value. With these differences of PS, we could 
estimate the deformation for satellite direction at different 
times. Since the radar images are acquired in a wide region 
(100 km2) scanning, the results calculated by PS-InSAR 
could exhibit a lot of PS. PS-InSAR is a technology with 
high space density, high accuracy, and low cost. Taiwan has 
many slopes but most are covered by vegetation. To achieve 
better result, the study chose to use the L-band advanced 
land observing satellite (ALOS, ALOS-2) and the C-band 
Sentinel-1 satellite to quickly detect the surface deformation 
of the study area by PS-InSAR.

The PS point can provide a variation of the stable re-
gion (buildings, roads, rocks), but the change of the stable 
region needs to be slowly moving (Righini et al. 2012). 
The advantage of PS is that it can accurately calculate the 
time series analysis of slope deformation and determine the 
speed of slope sliding (Berti et al. 2013). Taiwan-related re-
search utilized PS to collect surface deformation, such as 
Huang et al. (2016a) who reviewed 15 years of surface de-
formation in Western Taiwan with insight from SAR inter-
ferometry. Utilizing the same surveying technique, Huang 
et al. (2016b) studied multiple fault slip triggered above the 
2016 Mw 6.4 MeiNong earthquake. Du et al. (2017) tracked 
landslide movement of time series in Tsaoling. Shih et al. 
(2019) monitored a landslide of vegetated area in Liugui.

In addition, the SAR images imaging process is a slant 
range image, such as the 5 - 20 m (Interferometric Wide 
Swath Mode) resolution of the Sentinel-1 satellite. There-
fore, SAR images are used to investigate the results of large-
scale areas which can assess the interested area, providing a 
good flight region reference for MUAV.

3.2 MUAV

MUAV acquires image with advantages of conve-
nient flying preparation and high resolution. Structure from 
motion (SFM) algorithm is one of the commonly adopted 
techniques for obtaining point cloud, interior, and exterior 
orientation, which can be used to generate DSM and an or-
thophoto (Vasuki et al. 2014). SFM algorithm has been veri-
fied to accurately obtain 3D terrain information (Mancini et 
al. 2013; Turner et al. 2015; Fernández et al. 2016).

The higher the image resolution, the better the accu-
racy of the SFM algorithm (James and Robson 2012). Hsieh 
et al. (2016) estimated DSM and error by aerial photogram-
metry, airborne LiDAR, and UAV for estimation. Cook 
(2017) evaluated the effectiveness of low-cost UAVs and 
structure from motion for geomorphic change detection. For 
other types of research, Deffontaines et al. (2017) used to 
analyze interseismic shallow deformation of the Pingting 
terraces with both UAV and PS-InSAR. Deffontaines et al. 
(2018) also utilized the same surveying technique that stud-
ied onshore Hengchun Fault.

However, it produces an increase in resolution cause 
by cost increase. The cost is then balanced by satisfying the 
flight region supply and demand with the help of the in-
terested area. Moreover, both the stable and unstable areas 
can calculate displacement and volume, as well as high-risk 
region assessed in the interested area.

In addition, the MUAV has difficulty acquiring images 
of high-risk region in strong winds and rainy days, which 
can be used after the disaster. To immediately understand 
actual scene, commercially available surveillance cameras 
are selected.

3.3 Real-Time Surveillance Cameras

The surveillance camera has a real-time image trans-
mission function that can be considered as a tool for quickly 
achieving the current scenes. Some surveillance cameras 
have a waterproof function, enabling it be set outdoors.

Therefore, this study is able to propose a system of 
multiple surveillance cameras (Lin et al. 2017), which fo-
cus real-time at high-risk region. Moreover, the images of 
each camera need to overlap. The network service makes 
streaming live from remote locations and synchronous cap-
ture images possible. Live image in each period generates 
3D point clouds by the SFM algorithm. The above descrip-
tion surveillance system is shown in Fig. 2. The surveillance 
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camera collects high-resolution image at a limiting distance, 
when high-risk region is focused. It must be noted that pixel 
size is used to determine which distance can be considered 
as accurate. Therefore, selection of the high-risk region is 
very important.

The point cloud per period uses the Hausdorff distance 
method to calculate deformation (Huttenlocher et al. 1992). 
This study assumes that the deformation of the soil is the 
shortest distance change, and the variation can be divided 
into three axial directions as the soil movement.

4. RESULTS AND ANALYSIS
4.1 PS-InSAR

This study first selected ALOS-1 PALSAR SAR imag-
es, from 2007/01/17 to 2011/03/15 with a total of 15 images, 
over a period of 4 years. PS-InSAR algorithms use a single 
master stack. This is why the study selects the 2009/10/25 
SAR image as a master. PS results are then generated as 
shown in Fig. 3.

Figure 3a shows that the PS points are distributed 
densely and PS points are also acquired in forest areas. L-
band (ALOS-1 PALSAR) SAR images can penetrate into 
the vegetation area and assess the deformation and behav-
ior of vegetation-covered region, which is important for 
monitoring key. Therefore, the study uses ALOS-1 PAL-
SAR SAR images, which can be obtain PS for vegetation-
covered region in the study area. In Fig. 3, the warm color 
indicates that the surface deformation is close to the satellite 
direction, and the cool color indicates that the surface defor-
mation is far away from the satellite direction. In the study 
site 91 PS points are shown in Fig. 3b, that the maximum 
Line of Sight (LOS) deformation rate is 15.8 mm yr-1.

The ALOS-1 PALSAR SAR images are monitoring 
results by 2012 but built some buildings that are completed 
in 2015. They may have sabotaged the slope and change the 
original behavior of deformation. To monitor deformation 
after the new facility, the selected Sentinel-1A ascending 
images (2015/06/19 - 2016/07/07) and descending images 
(2015/06/09 - 2016/07/21), are employed using the same 

Fig. 2. Self-developed surveillance cameras system in operation.

(a) (b)

Fig. 3. Result of PS-InSAR by ALOS-1 PALSAR SAR images (2007/01/17 - 2011/03/15). (a) PS point of Yanchao District, Kaohsiung, Taiwan 
and (b) yellow square is the area of interest in the study area.
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PS-InSAR technique. PS points are then generated, and the 
result is shown in Fig. 4.

Figure 4 shows that the PS point is quite dense in the 
building area, but there exists fewer PS points in the forest 
area. Because the Sentinel-1 satellite SAR image is C-band, 
it is more difficult to produce PS points for vegetation-
covered region. In Fig. 4, the warm color indicates that the 
surface deformation is close to the satellite direction, and 
the cool color indicates that the surface deformation is away 
from the satellite direction.

As show in Figs. 4a and b, the distribution of PS points 
around the study area clearly observes different displace-
ments on both sides of the Chishan fault. PS point with  
23.3 mm yr-1 change max rate is located at the south side of 
the Chishan fault, so study area clearly has displacement. In 
addition, the study area displacements separately exhibits a 
change rate of -1 to 9 mm yr-1 for ascending images and -16 
to -1 mm yr-1 change rate for descending images. Ascending 
and descending areas are the angle and azimuth of different 
directions. From the acquired images, that are observed by 
different satellite LOS value located in the southwest part 
of Taiwan, it is displaced about 60 mm yr-1 to the southwest 
(Ching et al. 2016). Finally, we adopt Taiwan’s continuous 
GPS stations SG77 to analyze PS points accuracy. SG77 
position information of total displacement is 15 mm dur-
ing 2015/06 - 2016/07. This position separates result into an 
LOS value of 5.6 mm (ascending) and LOS value of 7.9 mm 
(descending) in Fig. 4. LOS result of accuracy is 0.9 and  
1.4 mm for ascending and descending, respectively.

PS points can provide a valuable deformation trend. 
To evaluate maximum displacement region between the 
three kinds of PS points, we used the natural neighbor in-
terpolation algorithm to raster. Natural breaks classification 
methods (Jenks 1963) are then utilized to divide into classes 
whose boundaries are set where there are relatively big dif-
ferences in the data values, as show in Fig. 5.

This ALOS-1 PALSAR SAR image analysis showed a 
displacement in the dormitory surrounding of 9.1 mm yr-1,  
which is the maximum displacement rate in one figure 
(Fig. 5a). However, some buildings are already complet-
ed such as the library and the administration buildings 
in 2015. Therefore, Sentinel-1A SAR images (ascend-
ing and descending) are adopted. Comparing their results  
(Figs. 5b, c), a very similar information of maximum dis-
placement is yielded in the library surrounding of the small-
er study area. Finally, we can investigate the library sur-
rounding as the maximum displacement. The interested area 
is calculated according to the building foundation of qua-
druple depth (32 m), which is 8 m of the library foundation 
depth, as seen in Fig. 5. The interested range according to 
Peck (1969) suggests an excavation disturbed region, which 
was double to quadruple foundation depth. Furthermore, 
Sentinel SAR image time span and interested area, which is 
a reference of the MUAV.

4.2 MUAV

A self-made 4-rotor MUAV platform by 75-cm length 
is made and equipped with autonomous aircraft, GPS, and 
a 6-S 12000-mAh battery, which can achieve 25 flight 
time. The camera is a Canon EOS M camera with an EF-M  
22 mm f/2 STM prime lens, which can be set with 2-axis tri-
pod head system, as shown in Fig. 6. Its image size is 5184 
× 3456 pixels. The flight height is 100 m with 2 cm ground 
sampling distance and coverage of the adjacent photos is 
kept at least for 90% overlap and 60% sidelap. The interest-
ed area needs a total of eight air routes, yielding about 253 
images per flight, which completes the task in 13 minutes.

To evaluate the surface deformation in the interest-
ed area, MUAV images are collected on 2015/06/02 and 
2016/06/23 according to Sentinel SAR image date. The da-
tasets generated in this study are the orthophoto and DSM 
with a grid spacing of 2 cm, as shown in Fig. 7. To get these 
results, the MUAV images were processed by Agisoft Pho-
toScan software. Orthophoto shows that the slope at the back 
of the administration building and library is covered by lush 
vegetation, and there is little short vegetation on the irregu-
lar bare soil area above the detention pond. DSM shows that 
the difference of elevation is 91 m. Finally, ground control 
points (GCPs) horizontal and vertical accuracies are checked 
to be 2.0 and 3.2 cm, with located position as shown in Fig. 7.

To understand the deformation in this area of interest, 
we first remove the lush vegetation region and then use two 
DSMs to quantify surface change. Therefore, we performed 
a period of DSMs comparisons, which can be calculated as 
the surface amount of deformation (see Fig. 8). Based on the 
result analyses activity of deformation, we discover suscep-
tible A and B zones. A zone is a visibly deposed zone with 
stack height of about 0.1 - 2.0 m, while the B zone can be 
assigned to erosion and deposition components and exhibits 
an average of 0.39-m deformation with closed buildings.

Furthermore, the B zone is bare soil with a slope av-
erage of 58 degree and slope toe region. According to the 
above factors that can be considered very sensitive defor-
mation area, slope protection works were completed on 
2017/04. Therefore, this has an unstable condition. The 
mean deformation trend reflects more probability of se-
vere deformation, such as erosion throughout the slope toe, 
which may affect safety of building. Indeed, soil is slowly 
disappearing inside the B zone during monsoon seasons. 
This is considered as a high-risk region.

4.3 Real-Time Surveillance Cameras

The high-risk region in Fig. 9 shows the B zone of 
about 8 m wide and 6 m high, where attention is focused. 
Thus, a real-time monitoring system is achieved in this case. 
According to systems requirements (Lin et al. 2017), a to-
tal of three surveillance cameras, separated by 80 cm (90% 



Chia-Sheng Hsieh & Di-Yi Lin668

overlap) with photographic distance from 2.4 to 4.4 m are 
needed. Figure 9 shows the actual site. This system devel-
oped the tool by Python for capturing synchronous images 
and generating dense point clouds. The whole procedure 
can be completed in 10 s to each period. Because the image 
from surveillance cameras are not associated with any posi-
tion information, GCPs are required for relative accuracy. 
Six GCPs are created on the fence because this position be-
longs to a stable facility in the image view, which can check 
accuracy to each period. Evaluation results show that the 
average horizontal and depth accuracies are 0.9 and 1.2 cm, 
respectively. This system started to operate in 2017/05. Fur-
thermore, surface property assigned C zone of fine particles 
and D zone of sticky particles in high-risk region.

One period, 2017/06/04 exhibits a rainfall of 77 mm. 
Therefore, the surveillance cameras collect images from 7 
a.m. to 5 p.m., for a total of 10 hours. Figure 10 shows the 
elevation deformation at some important time. D zone starts 
to change at 7:15 a.m. and then C zone appeared deformed 
10 minutes later, C zone and D zone generate visible de-
formation at 12:40 a.m. and 1:50 p.m. respectively. Both 
zones stop changing at 4:45 p.m. Each period proceeded as 
described in the methods above, showing that the serious 
period happen at around 1:00 - 2:00 p.m., which reveals the 
heavy rainfall during this period.

5. DEFORMATION ANALYSIS
5.1 PS-InSAR and MUAV of Deformation Analysis

A complete hierarchical monitoring procedure is pro-
vided that separates different surface deformation condition, 
which can then be evaluated as high-risk region. In region 
established based on PS-InSAR and UAV image technology, 
we explore two different remote-sensing techniques to ob-
serve deformation trends. Both can have a mutual assistance 
to analyze deformation behavior since they have been de-
veloped for the different surface deformation characteristic.

Based on the experiment conducted from Sentinel-1A 
SAR images in the interested area (Fig. 11), 14 PS points of 
ascending image, 16 PS points of descending image, and PS 
points of 10-m resolution overlay MUAV orthophoto. Fur-
thermore, PS points and UAV monitoring result are a severe 
challenge in vegetated areas. We are typed as label AN and 
label DN not analyzed. However, the absolute coordinate 
direction is easier to understand, but it’s hard to transform 
3D coordinate since we lack GPS station in the interested 
area. To obtain consistent data, LOS direction analysis is 
adopted. Therefore, we transform MUAV image displace-
ment of monitoring result to the LOS direction, and then 
analyze the behavior between the PS point and MUAV im-
age displacement. MUAV image and PS points have same 

(a) (b)

Fig. 4. Result of PS-InSAR by Sentinel-1A ascending and descending satellite radar images of Yanchao District, Kaohsiung, Taiwan. Yellow 
Square is the area of interest. (a) PS Points of ascending SAR images (2015/06/19 - 2016/07/07). (b) PS Points of descending SAR images 
(2015/06/09 - 2016/07/21).
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(a) (b) (c)

Fig. 5. Results using PS points to raster of deformation level classification and extract interested area near the building. (a) ALOS-1 PALSAR result 
showed maximum deformation region as label 3 (Dormitory). (b) Sentinel-1 A of ascending result showed maximum deformation region as label 0 
(Library). (c) Sentinel-1 A of descending result shown maximum deformation region as 0 (Library).

Fig. 6. Photographs of the self-made 4-rotor MUAV platform.

(a) (b)

Fig. 7. Orthophoto and DSM of interested area on 2015/06 (a) 2015/06 orthophoto and (b) 2015/06 DSM.
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(a)

(b)

(c)

Fig. 8. 3D point cloud and orthophoto of interested area on 2015/06 and 2016/06 (a) local 3D point cloud and orthophoto on 2015/06; (b) local 3D 
point cloud and orthophoto on 2016/06; and (c) deformation of interested area between 2015/06 - 2016/06.

Fig. 9. High-risk zone and positions of cameras.
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Fig. 10. Surface deformation monitoring from a real-time surveillance camera system in high-risk region. The deformation started at 7:15 for Area 
D; and it occurred at 7:25 on Area C. The biggest deformation of Area C appeared at 12:40; and it occurred at 13:50 on Area D. The whole high-risk 
region stops changing at 16:45. Blue represents the erosion area and red is the deposition area.

(a) (b)

Fig. 11. PS point and MUAV orthophoto image overlay (blue and red points are the PS point of the Sentinel-1A radar satellite image, P points are 
located at the point of buildings and road, and N points are located in the vegetation area).
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date during 2015/06 to 2016/06 (Fig. 12). The PS points on 
buildings and ground are then selected.

In Fig. 12a, we choose P1-P6 positions in buildings 
area that indicate more PS than MUAV displacement, and 
choose P7-P11 on road that show more MUAV image than 
PS displacement. For SAR image result of descending anal-
ysis in Fig. 12b, we choose P1 - P7 positions in buildings 
area. P2 - P7 seem reasonable for same construction region 
but P1 appears to be clearly different because the point is lo-
cated at the junction of the building and ground, limiting the 
elevation interpolation process of the MUAV image. On the 
other hand, P8 - P12 point area on road looks unstable and 
may be due to the junction of the hillslope and the retaining 
wall. Both results show acceleration in the same time.

To further analyze surface deformation by two differ-
ent remote-sensing techniques, our analyses result (Fig. 12) 
indicate that the two techniques used to obtain the defor-
mation trend is quite consistent, which gives deformation 
trends despite the few number of points. The difference of 
both techniques is about 5 mm, especially at buildings and 
roads region. It is important to note that due to construction 
of buildings and roads, same trends will be visible. There-
fore, hierarchical monitoring in investigating a large region 
can be considered as an effective work, which gives a rea-
sonable interested area by PS-InSAR. The PS points result 
(Fig. 12) showed that the ground exhibits more displace-
ment than the building with a ground maximum displace-
ment of 30 mm yr-1 (LOS velocity). The slow displacement 
of the building is limited by the foundation. In addition, 
MUAV image can be utilized to obtain more details in in-
terested area.

5.2 Real-Time Surveillance Cameras Monitoring

From Fig. 9, the high-risk region can be separated into 
C and D zones. A rainfall event on 2017/06/04 is then ex-
perienced and a real-time monitoring system is adopted to 
observe the entire region, obtaining a total deformation data 
(Fig. 13). Figure 13 shows the blue and red zones corre-
sponding to erosion zone (C-1, D-1) and deposed zone (C-2, 
D-2), respectively.

To further analyze deformation behavior, the point 
cloud to point cloud displacements in each period were cal-
culated by the Hausdorff distance method (Huttenlocher et 
al. 1992). Final calculated results shown in Fig. 14. C and 
D zone have experienced erosion and deposition phenom-
enon. In Fig. 14, the C-1 zone appeared as an arc shape with 
a maximum depth of surface erosion of 19.0 cm. The soil 
stacks maximum height in C-2 zone is 14.0 cm. The D-1 
zone exhibits gradual erosion in time without clear displace-
ment behavior. D-2 zone has less deposition with a maxi-
mum height of 9.0 cm. The result depicts more C zone than 
D zone displacement. Moreover, C zone exhibits a high-rate 
displacement of 0.75 cm h-1. Furthermore, actual scenario 

finds the crack at upper D zone. Therefore, we can consider 
C zone as a highly sensitive position. Monitoring must be 
kept to prevent the hillslope from severe disaster.

The high-risk region was selected from the hierarchical 
monitoring result. This confirms that our study provided an 
effective hierarchical monitoring procedure around build-
ings in a wide hillslope area.

6. CONCLUSION

In this paper, the monitoring procedure results describ-
ing the NKUST Yanchao campus deformation condition 
have been observed, which were achieved by different re-
mote-sensing techniques characteristic monitoring different 
regions. The study area exhibits a wide range and consists 
of many hillslopes and mudstone condition that can cause 
damage to buildings. Thus, deformation on the area needs 
to be monitored. However, variations in deformation can 
be due to different applicability in different remote-sensing 
techniques, as well as the difference in the time period stud-
ied at each case. Therefore, different remote-sensing tech-
niques are adopted to create hierarchical monitoring proce-
dure. First, PS-InSAR method investigates displacement in 
the wide area where a serious deformation area is selected 
at around the buildings and becomes an interested area ac-
cording to Fig. 5. Results then show the MUAV-collect im-
ages at the interested area under an approximate time, which 
evaluates the high-risk region (Fig. 8). Finally, high-risk re-
gions used real-time surveillance cameras to focus (Fig. 9).

Based on the experiment discussed, PS-InSAR and 
MUAV image achieve similar displacement trends at build-
ings and roads region over the interested area, thus large 
region investigation can be considered reliable and reason-
able, which provides MUAV flight area effective reference. 
Furthermore, surveillance cameras’ advantages include 
obtaining real-time displacement, providing clear surface 
erosion behavior when user is without at actual scenes  
(Fig. 14), and launching prevention when facing disaster 
immediately. Therefore, we have experimentally demon-
strated that integrating images of three different techniques 
is a reliable monitoring procedure. Indeed, the study area 
finds clear deformation and a maximum movement rate of 
0.75 cm h-1 around the building, which achieve the provided 
hierarchical monitoring procedure, proving to be an effi-
cient method of hillslopes monitor.
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