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On the 28th of September 2018, a 7.5 Mw earthquake in Palu, Indonesia, triggered multiple phenomena
events such as liquefaction, landslide, and tsunami. One unique video recorded the landslide in Jono-Oge,
located near Palu Valley, captured by a local citizen from his house that was carried along by a debris flow.
The video shows that the land moved like water, carrying buildings and trees while some structures re-
mained. The moving camera raises difficulties for the analysis because it operates with various degrees of
movement. However, the velocity estimation is possible by applying two types of camera angle analysis
using non-moving buildings captured on the video as the point of reference. In this case, a red roof house
and steel tower. We identified that the camera moved from east to west and started from elevation 70 m,
located 1000 meters from the top of the Jono-Oge landslide at the irrigation canal. At elevation 68 m, the
landslide velocity was 5.1 m/s and slowed down to 4 m/s after moving 200 meters to elevation 62 m. This
deceleration might correspond to the decrease in slope inclination, from 3% to a gentler slope of only 1%.

This result will be informative for the setting of landslide and landslide-induced tsunami simulation.
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1. INTRODUCTION

In the dusk of September 28, 2018, a strike-slip earth-
quake with magnitude Mw 7.5 occurred in Central
Sulawesi, Indonesia. This earthquake leads to multi-
ple phenomena events such as liquefaction, landslide,
and tsunami. Creating a catastrophic event that
caused 4.340 casualties and near 70.000 damaged
buildings, as reported by The National Disaster Man-
agement Authority (BNPB) of Indonesia. Fig. 1
shows the epicenter and shaking intensity estimated
by the United States Geologic Survey (USGS). The
strong shaking around Palu Valley (MMI 7.0 — 8.0)
and massive scale landslides were observed around
Palu. After landslides in Palu, Robertson et al. (2019)
and Mason et al. (2019) conducted the post-event sur-
vey. They concluded that the landslides were due to
liquefaction in a wide area. However, the details of
the mechanism are not yet clarified. In Palu bay, an
underwater landslide also happened and caused a tsu-

nami. Due to a lack of data on the underwater land-
slide case, researchers are still guessing the landslide
characteristic that triggered the tsunami in Palu bay.
This study aims to obtain one of the landslide charac-
teristics, specifically the landslide velocity, which
cannot be regained from the field survey.

Landslide velocity is an important factor in disas-
ter mitigation; it can be calculated using slope geom-
etry (Souisa et al.,2018), remote sensing (Zhao and
Lu, 2018), and real-time video recording (Q. Jiang et
al., 2015; Mishra et al., 2015). A real-time video of a
landslide may include much information on the slide,
such as pre-failure behaviors, failure format, sliding
characteristics and velocity, the runout region, post-
failure characteristics, and destructiveness (Q. Jiang
et al., 2015). To date, there has been no research us-
ing video recording focused on liquefaction induced
landslide velocity. This study aims to use the availa-
ble video to calculate landslide velocity because it is
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Fig.1 Location of epicenter (red circle), shaking intensity (USGS, 2018) and landslides locations. Insert picture show the Jono-Oge

land use map using data from Bradley et.al. (2019).

important to clarify the sliding mechanisms and de-
velop a model with a precise prediction function (Q.
Jiang et al., 2015). Furthermore, this velocity info-
mation can be used as information for landslide-in-
duced tsunami simulation. model with a precise pre-
diction function (Q. Jiang et. al., 2015). Furthermore,
this velocity information can be use as information
for landslide-induced tsunami simulation.

2. METHODOLOGY

(1) Study area

Based on the field survey carried out by Mason et
al. (2019) and Robertson et al. (2019), all the land-
slides are known to be located along Palu Valley's
margins. This V-shaped region is surrounded by
mountainous topography and crossed by rivers from
south to north. One landslide occurred in the Balaroa
area located on the west side of Palu Valley. The
other two large landslides occurred on the east side in
Petobo and Jono-Oge area. One video posted on so-
cial media that recorded the landslide in the Jono-Oge
area captured the mud movement similar to waves
that indicated the liquefaction phenomena.

This large-scale liquefaction induced landslides
had been reported in the world. For example, in the
1964 Niigata earthquake, the lateral flow lasted for
several minutes after the end of ground motion shak-
ing (Kawakami and Asada, 1966). The ground lithol-
ogy in Niigata was found to be stratified with a silty
sub-layer sandwiched between the loose sandy layer
(Kishida, 1966). However, the Jono-Oge landslide's
fatality is far more extensive than the reported Nii-
gata case; therefore, a more detailed study on the
Jono-Oge landslide is necessary. Based on the Jono-
Oge land-use map (Fig.1), the majority of this area is

used for paddy field and gained water from the irri-
gation canal. The fields survey (Mason et.al., 2019;
Robertson et.al, 2019) revealed that the starting point
of all landslides in the east side, including Jono-Oge,
was bounded by an irrigation canal. Research sus-
pected irrigation on this paddy field has raised the
water table and could create a liquified layer. The
landslide appears to have initiated when the elevation
transitioned from 80 to 70 m, as the slope getting gen-
tler from around 4% to 1% as shown in Fig.2.

Distance (m)

Fig.2 The elevation contour and slope of Jono-Oge landslide.

(2) Video recording during Jono-Oge landslide
No instrument recorded the shaking at the site.
However, there was a survivor who recorded this
landslide. The video snapshots (Fig. 3) were used as
material for video content analysis. This research will
apply video content analysis (VCA) to determine the
velocity of the recorded landslide. The video used in
this research was captured by survivors during the



landslide and opened on social media. In his social
media page, he shared about the chronology. He
climbed to the rooftop of his house when he felt the
strong ground motion, then the ground starts to move,
and he recorded the situation using his smartphone.
This video's uniqueness is that it was taken from the
house that was brought along by a debris flow. The
video shows the land movement flowed like water
that carried along with buildings and trees while
some remain on the ground.

t:1s t:27s
- x

t:35s

First scene of the
recorded video

First scene of steel tower

t:102s

Last scene of the
recorded video

Last scene of steel tower

Fig.3 Image sequence in the video.

VCA was analyzing through image sequence us-
ing ffmpeg program (www.ffimpeg.org) converted
into one image per second. With the video duration 2
minutes and 5 seconds, there are 125 images pro-
duced. We chose the necessary sequences: the begin-
ning of the video to identify the recording location
and scenes of unmoved structures to analyze camera
angle and position. The video was recorded by mo-
bile phone made the video has some problems in the
quality aspect and motion. This video categorizes as
a low-quality resolution due to video compression
that caused block artifacts. The camera vibration
caused a blurry effect to the video sequence. Unlike
the fixed camera, the moving camera operates with
various degrees of movement and autonomy. In the
simple case of a fixed camera, the only changes be-
tween consecutive frames are caused by moving ob-
jects; therefore, it is easier to use auto-tracking mo-
tion program. The difficulties in using the moving
camera arise when detecting moving object due to
changes of possible camera's depth and complex
movements (Yazdi and Bouwmans, 2018). There-
fore, we eliminate using auto-tracking motion pro-
gram to obtain the landslide velocity. Instead, we use

information from the past survey report, satellite im-
agery, DEM data, and apply basic rules of geomet-
rical optics and perspective vision with Google Earth
and QGIS tools to determine the location, pathway,
and velocity of the recorded landslide.

(3) Methodology of video content analysis

The velocity was calculated using a simple for-
mula as described in equation (1). To be able to use
the formula, two essential components are required,
namely where the start and end location (lp and 1;) are
and how long (to and t) it takes when recording the
start and end locations. We can get this information
through video content analysis. Stages of analysis are
divided into three parts, namely initial location iden-
tification, camera movement path estimation, and
camera angle analysis.

L L=l
LT — (1)

The first step is to identify the initial location
where the recording started. Note, in practice, we
conducted the initial location identification after the
estimation of the camera movement direction, as ex-
plained later. The second step is to estimate the path
and direction of the camera movement. This step was
necessary because this video was recorded from the
top of the house, which was carried away by a land-
slide. Based on the survey (Mason et al., (2019); Rob-
ertson et al. (2019)) and satellite imagery, it is known
that the recorded landslide occurred in the Jono-Oge
area and moved from east to west.

The third step is camera angle analysis to deter-
mine the exact location of the camera when capturing
an object. In this step, the reference object is needed
to determine the location of the camera. For this pur-
pose, we used two structures in the recorded video
shown in Fig. 3: the red-roofed house and steel tower.
Using the digital imagery from the digital globe taken
after the disaster on September 28, 2018 it is found
there is one red-roofed house in the middle of Jono-
Oge Landslide with the coordinate -0.98579,
119.91965. Comparing with the satellite image taken
before the disaster, confirm that the red-roofed house
has the same coordinate and indicate it was not mov-
ing during the Jono-Oge landslide. This result also
validates with the survey conducted by Mason et .al
(2019) and Robertson et al. (2019). They found the
red-roofed in Jono-Oge, and even though the mud
flowing through the building, it stays in that original
position. The steel tower, although not found in the
post-disaster satellite image, was used as a reference
object. This is possible because the steel tower is rec-
orded clearly and close enough to the camer in the
shoot time of the scenes used in the analysis.



Fig.4. Method using ratio of object in the image sequence to cal-
culate camera angle.

The camera angle analysis for the red-roofed
house was done as follows using the ratio of some
lengths in images of a reference object. When the
camera not straightly facing an object, the angle be-
comes smaller and will appear smaller. Thus, as
shown Fig. 4, the angle of recording can be calculated
from the ratio of the sizes of 2 walls in different di-
rections.

A
6; = arctan (

i/A )

B;/B )

The camera angle analysis mentioned above
couldn’t be applied for steel tower since there were
no clear walls. Instead, the angle calculated using two
continuous image sequence was used. If the time dif-
ference between the two images is so short and we
can assume the camera direction is not moving, the
pixel difference (Dp) of the object in the image re-
lates to the difference in the angle to the object (0) as
shown in Fig. 5.

image length (M,) A
image att, i X g
i

Fig.5 The angle analysis using pixel difference between image
sequence to calculate angle.

Thus, the ratio of the pixel difference and the im-
age length (Dp/Mp) relate to the ratio of the differ-
ence in the angle to the object (0) and angle of view
of the camera (o), as shown in equation (2). Then, if
the distance to the object is known (Lrcar), the move-
ment of the camera (Dr.a1) can be obtained from equa-
tion (3a) and (3b). Pixel difference (Dp) was obtained
by placing a mark on the same object in the continuous
images. Because the camera moves, even the camera di-
rection is the same, there will be a change in the position

of the object in the following images. The change of the
object in the image is measured by determining a point
on the object in images.

9_Dy (3a)
a M, (3b)

Dreat = Lical . tan 0

3. RESULT

(1) Identification of landslide movement direction

Along 125 seconds of the video, there are two
structure can be identified, a house with a red roof
(recorded during 20 — 35 second) and steel tower
(recorded during 65 — 102 second) as shown in Fig.6.
From the 103 seconds until the end of the video re-
cording only a tree was recorded and no other build-
ings could be identified. From the post-disaster sur-
vey report by Mason et.al. (2019), they found the ru-
ins of a church in coordinate -0.98942, 119.91007.
This church was originally located at coordinates -
0.98508, 119.919244 and only 50 meters away from
the red-roofed house as shown in Fig. 6.

Church before landslide
(Google Street View, 2015)

(satellite image source : §
Digital Globe-Njaxar, 2018)

urch a T

(Antara Fo#8, 2018

~

)
-

Fig.6 Identified building from the video plotted in the satellite
image before and after the landslide happened. Possible
landslide pathway connected by the church (GPID Patmos
Jono Oge) before and after landslide happened.

Landslide pathway determined by drawing a solid
line from the original position of the church before
the disaster and the church position after the disaster,
as shown in Fig. 6. The location of the red-roofed
house is in the east direction of the church, so it needs



to add a line that illustrates the possibility of extend-
ing the landslide path as the dotted line. We assume
all the houses near here moved parallel to the esti-
mated pathway.

(2) Identify initial location of the video

The initial location of recording video is unknown,
however there are some information that 1) the house
already moving before the video starts recording, 2)
there was no others house in the right and left, and 3)
in the initial recording the camera video capturing the
area surrounded by trees and paddy field. From the
video analysis and satellite image, there is a house
that almost on the dotted line, which is the possible
landslide pathway obtained from the church location.
The situation around the house also similar to the
landscape capture on the video. Thus, we identify the
house as the possible location of the initial point of
the video recording with the coordinate at 0.98450 S,
119.92089 E and we assume the position of video re-
cording moved parallel to the church landslide path-
way as we can see in Fig 7.

Fig.7 Landscape and situation captured in the beginning of video
along the first 17 seconds.

(3) Image angle analysis using ratio of length: red-
roofed house case

The reference object in the analysis is the rooftop
of the red-roofed house. After careful selection, im-
ages used in the analysis are at t = 27s and t = 30s as
shown in Fig. 8. The angle degree calculated by ratio
method using Equation 2.

Table 1 Parameters and distance calculation by ratio method us-
ing red-roofed house image sequence.

Time (s) 27 30
A (pixel) 83 57
B (pixel) 22 28.7
Ratio A 0.8 0.7
Ratio B 0.2 0.3
Angle (degree) 75.15 63.27
Distance (meter) 80.9 86.5

Image at t=27s

.

i Image at t=30s W

20 pixels

Fig.8 Images for the angle analysis of red roofed house.

The estimated angles of these images are summarized
in Table 1. Then, the possible camera locations were
identified in line with the possible land-slide pathway
as shown in Fig. 9. From this plot, we obtain the
length between point X; to X is 15.3 m. Then, using
the equation (1), L~ 15.3 m, tl —t0 =3 s, and veloc-
ity (v) = 5.1 m/s.

Fig.9 Plot of camera position on the possible landslide pathway.

(4) Image angle analysis using ratio of length: steel
tower case

Another image used to estimate the velocity is the
sequence showing the steel tower. However, the
tower has no clear two faces of the wall to adopt the
method used in the red-roofed house. Instead, we fo-
cused on the scenes at t = 70 seconds and 71 seconds.
In these two pictures (Fig. 10) the background is the
same cloud shape as marked by the blue dashed line
in the two left-sided pictures.



Table 2 Parameters and velocity for angle analysis using steel
tower image sequence.

Image length (pixel) 198
Field of view (degree) 79.8
Average pixel difference 4
Min. distance (meter) 91.32
Velocity (m/s) 3.1

The angle of view can be found from the lens spec-
ification using in the camera. On the website
(www.demitri.asia) there is an article posted the com-
ment from the person capturing the video. He said
that he recorded this video using OPPO AS57
smartphone device. The lens specification of this A57
camera using sensor model Sony Exmor RS with the
aperture /2.2 and angle of view 79.8° (www.devic-
especifications.com).

Pixel difference (Dp) of the steel tower images ob-
tained by overlaying the shoot at 71 seconds on the
top of the shoot at 70 seconds as shown in Fig. 11.
The red dashed line showing the edge line of steel
tower at t=70s and the yellow dashed line for t=71s
showed there is a clear distance between these two
pictures. We mark several points at the object edge
where every point owns pixel location coordinate. It
is found that the maximum pixel difference is 4.75
and the average pixel difference is 4.

Fig.10 Overlay image of steel tower taken at 70 and 71 seconds.

We do not know where the exact location when the
video was taken at t=70s. Thus, we calculate the min-
imum value of the landslide velocity by assuming the
first picture taken in the shortest distance between the
steel tower and the landslide pathway, which is the

perpendicular line to the possible landslide pathway
will be given. In this case, using the satellite image,
it is found the length (L) is 91.32 m. Then, using the
information on Table 2, it can be found that the angle
difference 0 = (4.0 pixel/198 pixel) (79.8°) = 1.91°,
camera movement D = (91.32 m) (tan 1.91°) =3.1 m.
Since time difference t; — to = 1 second, the velocity
(v) is = 3.1 m/s. Note this is a minimum value of the
velocity since the minimum value of the distance is
assumed.

(5) Verify velocity using pixel difference of the
red-roofed house

In the previous section, the landslide velocity esti-
mated from the red-roofed house is 5.1 m/s. We tried
to verify the estimated value using the method ap-
plied to the steel tower. After scrutinized the image
sequence cut by one second there was no satisfying
image that can be used to measure the pixel differ-
ence. So, the video divided into tighter time, per 0.5
seconds. We found the image recorded at t;=32.5s
and t,=34s was suitable to apply this method.

Table 3 Parameters and velocity for pixel difference analysis
using red-roofed house image sequence.

Point Pixel Angle (6) Velocity (m/s)
A1 to Az 39.2 4.81 5.1
BitoB. 384 4.68 5.0
Cito G 40 4.87 5.2

Line edge of red roof house at t=32.5 s
Line edge of red roof house at t=34 s

Fig.11 Overlay image of red-roofed house taken at 32.5 and 34
seconds.

Overlaying image at 32.5s with 34s, as in Fig. 11,
show that the red-roofed house moved to the left, this
1s as same as the case of the steel tower. Note, the
picture changes horizontally and vertically, but we
only pay attention to pixels changes in the horizontal
direction. The pixel calculation and picture parame-
ters can be seen in Table 3. Here, the camera location
at t=32.5 s is estimated from the results of the ratio
method. In detail, the horizontal distance = 5.1 m/s x
2.5 second = 12.75 meter. Using satellite imagery, the
estimated distance of the camera position to the red-



roofed house is 92.2 m. The angle of view is 79.8°.
Also, the image position changed from portrait to
landscape. Thus, the image length is 360 pixels,
which is 1.82 times greater than the image length por-
trait (198 pixels). From the three-point shown in
Fig.11 (A, B, and C), we found the velocity range
from 5.0 — 5.2 m/s and the average velocity is 5.1 m/s.
In the first method, using image ratio, we found ve-
locity is also 5.1 m/s. Therefore, there is no difference
result between these two methods. Thus, we could
say that our first estimation of the landslide velocity
is quite reliable.

(6) Verify velocity using the possible location of
steel tower

This estimated landslide average velocity (5.1
m/s) was then used to calculate the travel distance
from red-roofed to steel tower. It possible that the ve-
locity is decreasing along the way, the average veloc-
ity 5.1 m/s, gained from the two previous calculation
methods using the red-roofed house as an object ref-
erence, 1s used to find the maximum distance from
red-roofed last image to the steel tower first image
position. The time duration in the video from captur-
ing red roof last image and steel tower first image is
40 seconds. Thus, the horizontal distance (D) = 5.1
m/s x t 40s =204 m. Then the camera position should
be in B2 (Fig. 12) and the vertical distance from steel
tower to possible landslide pathway around 118.5 m.
With this new distance, the estimated landslide ve-
locity changes to 4.0 m/s. It is faster from the previ-
ous calculation (v =3.1 m/s). There is 0.9 m/s or 26%

difference with the previous velocity calculation.
However, in the previous calculation, we assume the
steel tower picture taken perpendicular to the land-
slide pathway, and the value was given as the mini-
mum value. The slope at the position B2 is gentler
than the slope at the position Al and A2. Thus, the
landslide velocity may be decreasing after t=32.5 s.

(7) Discussion of all the possible velocities

Applied various method using red roofed house
and steel tower as the reference object, the estimated
velocity varied from 3.1 m/s — 5.1 m/s as summarized
in Table 4 and Fig. 12.

Table 4 Summary of the estimated velocities.

Location Method Velocity
(m/s)

Al Ratio of red roof house. 5.1

Ao Pixel difference of red roof 5.1
house.

B1 Pixel difference of steel 3.1
tower at minimun distance.  (Minimum)

B> Pixel difference of steel 4.0
tower at the calculated dis-
tance.

From this result it is known that the velocity be-
come slower with from point A2 to B2. The velocity
range is -0.9 m/s to -2 m/s. As we can see in Fig. 2,

Fig.12 Map plot of velocity variation at the different camera position.



using the map it is known the red roofed house lo-
cated 1600 m from the top of irrigation location,
where the landslide started. The elevation changes
from 80 m to 66 m, so the slope is around 3%. While
after 1600 m to 1000 m the elevation changes from
66 m to 58 m, makes the slope only around 1 %.
Landslide acceleration is related to the slope, there-
fore, it is possible that one of the reasons maybe the
gentler slope that makes velocity slowing down.
Thus, our estimation of the landslide velocity is quite
consistent and reliable.

4. CONCLUSION

In this research, we applied video content analysis
(VCA) to estimate the Jono-Oge landslide's velocity
triggered by the 2018 Palu Earthquake. The difficulty
of the analysis was that the video was taken from the
house that moved along in a debris flow. The signifi-
cant conclusions obtained in the study are as follows :

(1) Velocity estimation using video images from a
moving camera is possible by applying two types of
camera angle analyses, the ratio method and pixel dif-
ferences method.

(2) The possible landslide and video pathway were
successfully identified using the video scenes and
church building near the recording video location.

(3) The estimated landslide velocity is around
5.1m/s, along 1600 m to 1700 m from the east's irri-
gation canal. This velocity gained from the analysis
using unmove structure images.

(4) The estimated landslide velocity was slowing
down to 4 m/s after the camera moves around 200
meters from the red roof house (1900 m the east's ir-
rigation canal). This result corresponding to the slope
inclination from 3% in the beginning then decreasing
into the gentler slope by 1%.

For further research, this velocity result can be
used as information for the setting parameter of land-
slide simulation or landslide-induced tsunami simu-
lation in Palu. Also, complete information is more
suited to determine proper countermeasures in the
liquified area.
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