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1. Introduction



Figure 1: Meteorite impact rock, suevite discovered in Bukit Bunuh area

Figure 2: Location map of Bukit Bunuh area



Figure 3: Topographic map of study area



Figure 4: Geological map of Lenggong valley



Figure 5: Map of suevite boulders

2. Methodology

Figure 6: Map of observed gravity stations



3. Result and Discussion

3.1. Qualitative Analysis

Figure 7: Bouguer gravity anomaly map of the study area



Figure 8: (a) Regional gravity anomaly map shows the condition of basement; (b) THD residual gravity anomaly
maps shows the structure of shallower subsurface layer



Figure 9: Rose diagram analysis indicated the dominant direction of lineaments and fault structures is
northwest southeast

3.2. Quantitative Analysis

Figure 10: A 3D gravity models shows a complex crater structure with central uplifts



Figure 11: Power spectrum analysis to determined the estimated depth of impact srater

Figure 12: The direction of ancient meteorite that hit Bukit Bunuh 1.83 million years ago approximately came
from northwest resulting the impact crater appears to tilt towards southeast direction
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Abstract 
 
This Research investigates landslide deformation velocity and time series is using PSI 
Technique at Kelok 9 area west Sumatra, Indonesia. PSI is an advanced InSAR technique 
overcoming the problems of temporal and geometrical decorrelation and great precision 
measurement ground displacement in millimeter. Along Kelok 9 area many times 
landslide has occurred. In this research 10 ascending Advanced Land Observation 
Satellite, Phased Array L-band Synthetic Aperture Radar (ALOS PALSAR) images from 
March 2007 until November 2010 was employed.  The processing result was confirmed 
by doing a ground survey, small drone survey and geological information data on the 
investigated area.  The focus area of the survey was divided into eight areas around the 
Kelok 9 bridge. The result shows there is significant land movement (land deformation) 
in eastern and western of Kelok 9 bridge. The average velocity of each area is 59.8-94.3 
mm/year and cumulative deformation maximum is 424.8 mm. 
 
 
Keywords 

Landslide deformation, Velocity, Time series, PSI, Kelok 9, Synthetic aperture radar.   
 

1. Introduction 

Kelok 9 area is a highway that connection between of two provinces, west Sumatra 

and Riau. The connection has history of landslide for long time. Almost every year 

landslide occurred in the area due to the complex topography and soil structure. The area 

is mountainous that part of “Bukit Barisan” that spread from Aceh in the North to 
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Lampung in the South with about 1.650 km. the mountainous is growing up due to the 

subduction of Indo-Australia plate beneath to Sumatra Island in Eurasia plate.  

Along the highway connection between both province west Sumatra and Riau has 

high slope in left and right side.  Moreover, the structure of soil is composed of marlstone 

with andesite and slate varied with quartz. Beside that several local fault exist in the area 

then causing the area is prone to landslides and soil movement. The number of landslide 

from 2014-2016 around the area recorded 69 times landslide occurred. Six times in 2014, 

20 times in 20 May 2015 and 35 times in 12 December 2015 and 4 times in 2016.  

Monitoring potential landslide on the area is carried out by extracted synthetic 

aperture radar (SAR) satellite data that provided by Japan Aerospace Exploration agency 

(JAXA). In processing the SAR data, persistent scatterer interferometric (PSI) technique 

applied. The technique more advanced than last technique of Differential Interferometric 

synthetic aperture radar (D-InSAR) and InSAR [1],[2]. PSI technique can overcome the 

problem related to the geometric and temporal decorrelation and atmospheric 

disturbance[3],[4] . 

The aim of the research is for monitoring the velocity of land movement on the 

kelok Sembilan area in time series. The result is important as scientific information for 

mitigation the potential land deformation.   

  

2. Satellite Dataset and Study Area.  

The satellite dataset for monitoring velocity of land movement in kelok 9 area is 

using L-band SAR data that provided by Japan Aerospace Exploration agency (JAXA, 

Japan).  The dataset has frequency 1.27 GHz with 23 cm and 10 meter resolution[5]. The 

dataset is listed in Table 1. 

 
Table 1. Dataset of ALOS PALSAR with  

No Acquisition date Normal Baseline 
(Bn), (m) 

Temporal 
Baseline (Bt) 

1 20070703 74 -460 

2 20070818 -24 -414 

3 20071003 211 -368 

4 20080820 626 -46 

5 20081005 0 0 

6 20091008 -134 368 

7 20100711 272 644 
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8 20100826 82 690 

9 20101011 120 736 

10 20101126 351 782 

 
The study area located in kelok Sembilan Bridge at Lima puluh kota district, west 

Sumatra Indonesia. The area is part of mountainous area with called as ‘Bukit barisan’ 

that has steep slope, 110- 2.261 meters above sea level. There are some volcano around 

the area such as Gunung Sago (2.261 meters), Gunung Bungsu(1.253 meters), and Gunung 

Sanggul(1.495 meters) above sea level. Also, 13 main river and its branch flow around the 

area.  

 

 
Figure 2. topography of Lima puluh kota district, West Sumatra, Indonesia 

3. Method 

 

Monitoring velocity of land movement in the study area is using Persistent scatterer 

interferometry (PSI) technique. The technique qualified to observe the earth changing in 

millimeter unit accuracy [6],[7]. It is can be done by stacking several satellite dataset that 

capture in time series that called as co-registration processing. 
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Figure 3. Co-registration SAR image  

 
Fig. 3 illustrate the stacking of SAR data in different time observation. In the proses 

pixel in equal position (range and azimuth) connected each other that can be done by 

amplitude cross-correlation and based on the orbital dataset.  

. 

 
Figure 4. Normal baseline and temporal connection of ALOS PALSAR dataset in study area 

 
Fig. 4 shown, based on the amplitude cross correlation, 10 scene of SAR data that 

successfully co-registration. The maximum and minimum normal baseline for the 
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connection is 620 meters and 30 meters, respectively. The temporal time the combination 

is 1198 days 

4. Result and Discussion 

PSI technique was applied for processing 10 scene SAR of ALOS PALSAR data that 

provided by JAXA, Japan. After primary processing for co-registration the group of SAR 

data, filtering and multilinking, interferogram of the combination that refer to master 

image is shown in Figure 5.  

 

Figure 5. Interferogram of 10 scene ALOS PALSAR that refer to master scene. 

 

Figure 6. Persisternt scatterer distribution on the study area. 
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Land Dep. ID Velocity Cum. 
Displacement 

Status  

Area 1 1861 -70.9 -167.381 Landslide 

1878 -99.3 -392.384 

1889 -51.6 -260.404 

1890 -95.6 -409.864 

Area 2 1690 -97.7 -372.246 Landslide 

1671 -16.9 -48.5508 

1679 -64.9 -277.67 

Area 3 1460 -95.5 -292.485 Landslide 

1446 -93.1 -286.704 

Area 4 1292 -85.1 -247.921 
  

Landslide 

Area 5 1191 -78.6 -352.037 Landslide 

1192 -97.3 -356.221 

1213 -94 -389.374 

1221 -100 -337.705 

Area 6 1049 -93.1 -239.063 Landslide 

1067 -100 -355.241 

1068 -91.3 -395.285   

Area 7 1024 -91.5 -395.959 
  

Deformation 

Area 8 800 -20.5 -117.025 Landslide 

806 -100 -424.847 

822 -100 -255.261 

831 -95.7 -409.028 

860 -82.5 -365.514 

871 -11.8 -124.875 

892 -91.6 -314.378 

 

5. Conclusions 

We have successful employed PSI SAR technique for measuring velocity in time 

series of landslide in kelok 9 areas. The velocity of landslide in each area is varied from 

59.8 to 94.3 mm/year and cumulative displacement maximum is 424.8 mm. based on the 

observation most the area is landslide. 
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