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Abstract: Bandung basin is surrounded by active volcanoes at the center of Western Java 
region. Soil type of this area consists mostly of volcanic alluvial, formed by the past 
volcanic activities. At this location, we performed passive seismic surveys to reveal the 
sedimentary characteristics using a triaxial seismometer, to study the properties which 
have potential implications on environmental aspects, such as natural disaster mitigation 
and the city planning. In this work we reported the analysis of three component vibration 
signals by means of the Horizontal to Vertical Spectral Ratio (HVSR) calculation to 
identify the sediment thickness through the dominant frequency of the earth vibration. 
The method signal processing successfully revealed the amplification factor of the area, 
which is very important to determine the potential ground motion induced disasters. The 
data was collected using a laboratory developed seismic logging device with sensitivity 
of 0.28 ± 5% V⋅s/cm. The signal preconditioning was carried out to shape the acquired 
signals with high noise level, prior to the HVSR calculation. From the measurements and 
computation, we obtained the thickness variation at the chosen survey area of around 32 
to 64 meters, corresponding to the measured dominant frequency of around 2.5 to 5.0 Hz. 
The results agree very well with the reference sediment thickness measured by the 
microtremor surveys. The vibration frequencies are also consistent with the range 
suggested by the literature. 
 

 Keywords: HVSR; Microtremor; Signal processing 

Introduction  
 

The passive seismic method records background 
vibrations of the earth originated from ambient noise. 
The method is non-destructive and robust to identify the 
sedimentary layer properties through the mechanical 
vibration. The resonance of the ground, which is related 
directly to the mechanical properties of the medium, 
amplifies a specific frequency range which reflects the 
geometrical situation of the measurement site. As long 
as the properties are known, geophysicists can derive the 
thickness of the medium, considering a semi-infinite 
lateral geometry, from the resonance frequency. 
However, due to a high noise level and the complexity 

of ambient vibration, the frequency cannot be directly 
observed from the recorded signals, having low 
frequencies in the order of 1 Hz (Bonnefoy-Claudet et al., 
2009; Landés et al., 2010; Rezaei et al., 2017). Hence, an 
advanced signal processing procedure is required prior 
to the signal interpretations. The method is commonly 
recognized as a microtremor method when the 
measured ground vibration amplitude is in range of 0.1-
1 µm, corresponding to the amplitude velocity of 0.001-
0.01 cm/s (Mirzaoglu et al., 2003). The method can be 
effectively used to identify the sedimentary conditions, 
which can be derived to obtain the vulnerability of an 
area to vibrations induced by events such as 
earthquakes. The elastic property of the lithosphere 
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allows the amplification and reduction of the incoming 
mechanical wave, which are characterized by the 
parameters, such as wave velocity, the elastic moduli of 
the medium, and the geometrical condition 
(sedimentary thickness) of the area. 

In general, microtremor recording requires three-
component seismometer consisting of two horizontal 
components (east-west, north-south), and a vertical 
component (up-down). The data analysis is performed 
using the Horizontal to Vertical Spectral Ratio (HVSR) 
method. The principle of this method is the estimation of 
the spectrum ratio of the horizontal to the vertical 
components. The HVSR curve shows the value of the 
amplification factor and dominant frequency that can 
represent the sedimentary conditions and geometry 
(Herak, 2008). The dominant frequency value is 
inversely related to the thickness of the sediment layer 
on the surface (Bao et al., 2019). The thicker the sediment 
layer in an area, the smaller the measured frequency 
(Kanai, 1983). The amplification factor, which is 
exponentially related to the sediment thickness, is a 
measure of the susceptibility of the soil to ground motion 
(Bowden et al., 2017). The value reflects the sensitivity of 
an area when exposed to shock events (Kaiser et al., 
2014).  

The HVSR calculation has an advantage that it can 
determine the frequency directly without having an a 
priori knowledge of the geological conditions of the sub-
surface. The method was introduced by Nogoshi et al. 
(1971) and extensively revised by Nakamura (1989), has 
been used in numerous studies for estimating local 
seismic ground response, particularly in Slovenia, Italy, 
and Croatia (Di Giacomo et al., 2005; Gosar, 2007; Stanko 
et al., 2017). HVSR is very robust, in the sense that it 
requires only three component measurements of 
vibration to reveal an accurate determination of the 
natural or fundamental soil frequency. The sites’ 
resonance frequency and peak amplitude can be 
obtained without any high energy sources, both 
naturally occurring (earthquake activities) and man-
made ones (Imposa et al., 2018). 

The method is very useful to be applied in disaster 
mitigation related to ground vibration such as landslide, 
earthquake identification, and building stability 
(Kagawa et al., 2017; Suhendra et al., 2018). In addition, 
one of the important uses of the microtremor method is 
to be able to determine the characteristics of sediment 
thickness in an area that is widely used for 
microzonation landslides occurrence potency (Gosar, 
2017; Marjiyono, 2010). Microtremor measurements 
accompanied by HVSR calculation have been carried out 
in several locations with different geological conditions 
and exposed many important information of the sub 
surface. Measurements in the karst area have been 
carried out to determine the thickness of the surface 
sediment. The dominant frequency value obtained in the 

Karst area is relatively high > 10 Hz (Chemsitra et al., 
2018), due to the hardness of the subsurface medium and 
the thin sedimentary layer. In the alluvial basin area, a 
high seismic wave amplification factor (up to a factor of 
20) was found with the dominant frequency ranging 
around 0.5 to 5 Hz (Bindi et al., 2011).  

In this work we presented the analysis of three 
component vibration signals to identify the sediment 
thickness via the dominant frequency of the vibration, 
which was carried out using direct measurement data 
performed at an area located at the Bandung Basin rim. 
The method has successfully revealed the amplification 
factor of the area, which is very important to determine 
the potential ground motion induced disasters. The aim 
is to verify the functionality of a system of a low-cost 
microtremor apparatus along with the developed 
microtremor processing algorithm. The development of 
the system will be useful to perform environmental 
monitoring related to the geological disaster mitigation, 
as well as the microzonation of a local area to be used in 
building a resilient infrastructure. 
 
Method  
 

The data acquisition was carried out in two 
locations with a contrast geomorphological condition. 
The first area is on a plateau of thick sediment (labeled 
by A) and the second area is in a valley region (labeled 
by B). The second area is located along a water flow path, 
specifically chosen so that the sediment is eroded and 
thin. The duration of data collection at each point is 10 
minutes. During the data acquisition, we avoided noises 
that potentially can be caused by the surrounding 
environmental activities. The acquisition was carried out 
using a triaxial seismometer developed in the laboratory, 
namely the SeismoLog instrument (Figure 1), with 
analog to digital conversion resolution of 10 bits and the 
voltage gain of 200 times in a differential measurement 
mode. The range of the voltage measurement is ±10-5 
volt. The seismometer is of type ST-4.5N triaxial 
geophone with natural frequency of 4.5±10% and 
sensitivity of 28.8±5% V⋅s/cm. The seismometer consists 
of two horizontal components (east-west and north-
south) and one vertical component (up-down). To ease 
the processing work, we store the data in JSON file 
formats, consisting of several measurement parameters 
including the duration of data in seconds, the data 
number, and the three-component signal data. 
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Figure 1. The SeismoLog instrument used in the data 
acquisition process. (a) a three-component seismometer 
sensor, (b) digitizer device to convert ground vibration data 
into digital form, (c) the main unit used to store and display 
the measurement data results 
 

In the measurement, the signal is acquired 
alongside with the environmental noises. Noises 
originated from specific events create spikes in the 
signal, whereas the ones originating from ambient 
sources are composed in the recorded data. Hence, a 
preconditioning data processing is necessary to achieve 
a correct interpretation. Data preconditioning is done by 
reducing or removing outlier data by doing selection of 
the recorded data. In this work we removed the noisy 
data indicated by the presence of spikes. 

To remove noises composed in the data, we perform 
filtering and windowing procedures. To remove 
frequencies outside the intended spectrum, we apply the 
Butterworth band-pass filter, with the low-cut and high-
cut frequencies of 2 Hz and 10 Hz, respectively. The 
frequencies outside this spectrum are considered as 
noise. To handle the artefact due to a definite sampling 
period, we use the Hamming window. After these 
preprocessing procedures, the data is transformed into 
the frequency domain using a standard Fast Fourier 
Transform. The transformation allows the spectral 
analysis of the signal. However, due to the fluctuation in 
the frequency domain, a smoothing procedure is 
required to determine the peaks inside the spectrum. The 
peaks identify the dominant frequencies, in which the 
medium is vibrating. We assume the resonance 
frequency as the highest peak. To smoothen the 
spectrum, we utilized the second order low-pass 
Butterworth filter. This time, the filter is not used to 
remove unwanted frequency, but merely to remove fast 
fluctuations of frequencies. 

The determination of the dominant frequency is 
done by calculating the horizontal to vertical ratio, H, 
using the following equation: 

 

 
(1) 

 

Where X, Y, and Z denote the east-west, north-south, 
and vertical spectrum components, respectively. We 
take the spectral magnitude after the smoothing 
procedure to perform the calculation. The peaks of the 
curve show dominant frequencies, whereas the 
maximum peak is the resonance which is used to 
calculate the thickness of the sediment layer. We may 
approximate the resonance frequency in a trivial way as 
follows. Consider a medium having a semi-infinite 
lateral dimension, which is freely moving in the vertical 
direction. Using Hooke’s law for the vibration of an 
elastic medium, we may connect the geometry of the 
medium to the resonance vibration mode via the 
Young’s modulus. Taking the vertical stiffness of the 
medium as,  
 

 
(2) 

 
Where, E is the modulus and 𝛺 is an area on the topsoil. 
In this case h represents the height, hence the thickness 
of the medium. For many seismological problems, it is 
sufficient to take the first Lame parameter (𝜆) equal to 
the shear modulus and the Poisson ratio of 𝑣=0.25. In 
this situation E is related to the shear velocity (𝑣!) as, 
 

 (3) 
 
with, ρ is the mass density. Taking the resonance 
frequency as, 
 

 

(4) 

 
The thickness can be obtained using the following 
relation, 

 
(5) 

 
In this work, we took 𝑣!=640 m/s based on the 

previous measurements at the same location, by the 
Center for Geological Survey, Indonesia (PSG) (Telford, 
2021). We define the resonance frequency as the most 
dominant peak, i.e. the highest, in the spectrum curve. 
To determine the amplification factor value, A, which 
represents the vulnerability of potential disasters due to 
ground motion, we use following the equation: 
 

 

(6) 

 
Thickness, and 𝑄! denotes the quality factor of surface 
sedimentary rock layers. Table 1 shows the range of 
parameters used in the calculation. The actual value 
which is substituted into eq. 6 depends on the 
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measurement coordinates. For this purpose, we refer to 
the map in literature (Telford, 2021). 
 
Table 1. The Range of Parameters Used to Calculate the 
Amplification Factor According to Literature (Dvorkin 
et al., 2006; Telford et al., 1990) 
Parameter Value 
𝜌s 1.92 gr/cm³ 
𝜌b 1.98 gr/cm³ 
vss 120-195 m/s 
vsb 520-880 m/s 
Qs 5-10 

  
To obtain a certainty of the amplitude spectral value 

the segmented spectral average was taken. We 
calculated the standard deviation to determine the level 
of fluctuation of the frequency inside the segment of 1 
Hz width. Using this method, we are able to define the 
standard error of the obtained value. For each segment 
the average (𝑋' ), standard deviation (σ) and standard 
error (ε), is calculated by, 

 

 

(7) 

 

 

(8) 

 

 

(9) 

where M is the segment width and N is the number of 
total data points. 
 
Result and Discussion 
 

The exemplary three-component microtremor 
signal is shown in Figure 2. The sample time of the 
measurement of the data is 10 minutes, with the obtained 
number of datum of 321122. Thus, the sample rate (𝑓!) of 
the acquisition is 535 data/s. The data acquisition did not 
only record the ambient signal vibration, but also the 
noise. This can be indicated by the presence of spikes in 
the signal. This type of noise was eliminated by 
removing data containing spikes. The removal was done 
consistently to all the components, i.e. at the exact same 
time. Figure 2 shows the original data, pointing out the 
containing spike noise. The amplitude is the measured 
vibration velocity expressed in the measured voltage (in 
volts) of the analog to digital converter device. However, 
for the sake of simplicity we use an arbitrary unit in the 
y-axis. Short impulses with amplitude more than a 
defined threshold value are considered noise spikes, 
hence any parts of the signal containing such spikes are 
removed. In our case the threshold value is 1 millivolt, 
which may vary according to the instrumentation 
system specification. The processing was then carried 
out to the remaining signal, as long as the sampling 
criterion is met, that is, a segment of signal must 
accommodate the range of intended frequency 
according to the Nyquist condition (Shi et al., 2018)

 

   
Figure 2. Example of signal data recording at measurement location A4, taken in a ten-minute sample periode. The x-axis 

indicates sample time, and y-axis indicates amplitude in arbitrary scale. Inside the red square are data containing spike noise 
which are eliminated. (Blue) East-West horizontal; (yellow) North-South horizontal, and (green) vertical up-down 

 
The signal preprocessing procedure is applied only 

to the remaining data, consisting of only the ambient 
vibration signals. The filtering stage was performed to 
remove unwanted frequencies and also smoothen the 
discrete signal inside the spectrum under consideration, 
followed by the application of the chosen window 
function which is necessary to reduce the discontinuity 
effect at the edges of the signal induced by the finite 
sample time. Figure 3 shows the shape of the signal after 
applying these procedures. Since the resolution of our 10 

bits ADC device is not very high, the range of digital 
measurement is from -511 to 512, the digital error cannot 
be avoided. Thus, the filtering routine was not only to 
remove the frequency range outside the intended 
spectrum, but also smoothen the zaggy nature of the 
acquired digital signal. These preprocessing steps have a 
large effect on the Fourier transformation, so that the 
signal in the frequency domain is easier to analyze.  

The acquired signal is the superposition of all 
ranges of possible frequencies. In this case, the signal is 
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the composition of coherent vibration modes in the 
quasi-continuous range inside the bandwidth of 8 Hz. 
According to the resonance, which is dependent on the 
geometrical situation of the measurement site, some 
vibrations are attenuated, and some appear to be more 
dominant. In order to observe qualitatively the 

dominant frequencies, we applied a smoothing 
procedure using the Butterworth filter of the second 
order. Note that this procedure was carried out simply 
to remove fluctuation and exhibit the collective 
frequency profile, hence ease the identification of the 
modes.

   

   

   
Figure 3. An exemplary plot of signal after applying the filtering procedure, left to right (upper), after applying Hamming 

window (middle), and the frequency domain, blue is the East-West, orange is the North-South, and green is the vertical 
component. Red line shows the curve after the smoothing procedure 

 
The resonance frequency of the measurement site 

was identified via the HVSR calculation based on eq. 1, 
which is applied to the magnitude of the spectrum after 
the smoothing procedure, i.e. the lines shown in red, in 
the spectrum plot of figure 3. We show some exemplary 
data in figure 5 and 6. It is expected that the peak at site 
A ranges in lower frequencies compared to those of site 
B. This is consistent with the geological condition of the 
sites, where A is located in a thick sedimentation and B 
in a shallow sedimentation area. The frequency domain 
plot in figure 3, demonstrates a larger area under the 
lateral spectrum curve and showed a definite peak at low 
frequency of around 2.5 Hz. This indicates that the 
ground is vibrating more freely in the lateral than the 
vertical direction.  We presume that the low frequency 
peak indicates the vast area of the plateau. In 
comparison, figure 4 shows the frequency plot of an 
exemplary data at location B. As expected, the vibration 
frequency is higher compared to A, and the peaks in the 

lateral direction are higher in frequency and smaller in 
magnitude.  This fact demonstrates that the site is 
confined geometrically in a small area by its 
surroundings, even though the lateral vibration 
dominates. To discuss the phenomenon more 
quantitatively, we took the weight of the magnitude 
spectral profile, 𝑀(𝑓), as the area under the curve, as 
follows, 
 

 
(10) 

 
A large value of W indicates the large vibration 
amplitude. From the calculation we obtained, for 
location A the lateral amplitude is 1.4 times the vertical 
vibration. For location B, it is 1.2 times the vertical 
vibration. The lateral vibration in A is almost twice of 
amplitude compared to location B.



Jurnal Penelitian Pendidikan IPA (JPPIPA) January 2023, Volume 9 Issue 1, 402-411 
 

407 

   
Figure 4. An exemplary plot of signal in the frequency domain from site B, blue is the East-West, orange is the North-South, and 

green is the vertical component. Red line shows the curve after the smoothing procedure 
 

The HVSR calculation successfully emphasizes the 
resonance frequency, as shown in figure 5 and 6. We put 
a list of calculated frequencies in table 2 and table 3. Our 
instrument and processing algorithm was able to present 
clear peaks of the dominant frequency on every 
measurement data. The obtained values are consistent 
with the literature, regarding the lithology and the 
geological condition, as described in (Bindi et al., 2011). 
Location A has dominant frequencies ranging around 2.5 
to 5.0 Hz, with the amplification factor of 2.0 to 5.2. 
Whereas, location B has dominant frequencies ranging 

from 7.0 to 9.0 Hz, with amplification factor from 2.3 to 
4.2. These results verify the sedimentation thickness on 
the location, which is 32 to 64 meters at location A and 
18 to 23 meters at location B. The complexity of the 
spectral profile implies the complexity of the subsurface 
structure. We found a smooth HVSR profile from 
location A, indicating a more homogeneous sedimentary 
layer on that site. In contrast, the profile obtained from 
location B is undulating both at lower and higher 
frequency. This is the indication that the site is having a 
more complex subsurface structure. 

 

    

Figure 5. Exemplary HVSR curve from the measurement at location A. The H/V curve of the data in figure 3 is shown in (a). 
The x-axis indicates dominant frequency (Hz) and y-axis indicates amplification factor (H/V). The peak of the curve shows the 
value of the dominant frequency and amplification factor. In this figure, the dominant frequency value obtained is 2.9 to 5.0 Hz 

and the amplification factor is 3.5 to 4.3 
 

    
Figure 6. Exemplary HVSR curve from the measurement at location B. The dominant frequency value obtained is 7.0 to 8.5 Hz 

and the amplification factor is 2.8 to 5.0 
 

Statistical calculations were carried out to measure 
the fluctuation of the observed frequencies. Figure 7 
shows the plot of the standard error calculation for the 
exemplary data shown in figure 3. The standard error 
value obtained at the highest peak of the curve (the 
resonance frequency) is 0.14. This value is fairly small, so 
the result of our calculation of the HVSR curve is 
acceptable. From all the acquired data, we can assume 
that the precision of our measurement is within 1.5 Hz, 
regarding the maximum standard error of 0.68 Hz. The 

precision may decrease at the higher frequency 
dominated area. At the location B, we can only claim 2 
Hz of precision from the maximum standard error of 
0.89 Hz. Nevertheless, we are convinced that the system 
that we developed is adequate and able to obtain a 
correct result in the range of frequencies 2 to 10 Hz. 

Data validation was also carried out by 
comparing the results of sediment thickness obtained 
based on references. The results of measurements made 
by PSG in the first area have a sediment thickness value 
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of 25 to 65 meters. In this work, the sediment thickness 
values obtained in the first area are in the range of 32 to 
64 meters. Meanwhile, the sediment thickness in the 
second area is 18 to 23 meters, thinner than the first 
region. Based on these results, the results of our work are 
in accordance with the literature used. In the range of 
dominant frequency values obtained, these sediments 
are alluvial deposits or in the form of soil resulting from 
weathering of rocks (Kanai, 1983; Telford, 2021). 
Meanwhile, the value of the amplification factor that 
represents the vulnerability of the research area when 
exposed to shocks is in the low to medium category 
(Kanai, 1983). Thus, this area is included in the safe 
category for development areas. 

 

 
Figure 7. Standard error calculation of the HVSR curve. The 
red-dashed line indicates standard error value. The highest 

peak of the curve is the resonance frequency 
 
 

Table 2. The Result of Dominant Frequencies Calculated by the HVSR Method from the First Location (A). The H/V 
Column Represents the Amplification Value 
Measurement Location Dominant Frequency (Hz) ± Standard Error  H/V Sediment Thickness (m) 
A1 5.0 ± 0.29 2.0 32 
A2 5.0 ± 0.55 5.2 32 
A3 4.2 ± 0.31 3.5 38 
A4 2.9 ± 0.14 3.8 46 
A5 2.5 ± 0.28 2.0 64 
A6 4.2 ± 0.67 2.1 38 
A7 3.1 ± 0.42 3.5 52 
A8 4.1 ± 0.31 4.2 39 
A9 2.8 ± 0.54 3.9 58 
A10 2.8 ± 0.64 4.0 58 
A11 2.5 ± 0.32 5.0 64 
A12 2.6 ± 0.12 3.2 62 
A13 3.6 ± 0.23 3.8 44 
A14 3.5 ± 0.66 2.7 46 
A15 4.4 ± 0.11 3.8 36 
A16 3.1 ± 0.10 4.0 52 
A17 4.3 ± 0.36 4.1 37 
A18 4.0 ± 0.55 3.5 40 
A19 4.2 ± 0.33 3.2 38 
A20 5.0 ± 0.68 4.3 32 
A21 4.8 ± 0.22 4.5 33 
A22 3.7 ± 0.24 3.7 43 
A23 3.2 ± 0.38 3.2 50 
A24 4.0 ± 0.61 4.3 40 
A25 4.3 ± 0.43 3.5 37 
A26 3.9 ± 0.27 3.8 41 
A27 5.0 ± 0.23 4.1 32 
A28 4.4 ± 0.11 5.0 36 
A29 3.8 ± 0.14 2.1 42 
A30 4.0 ± 0.55 4.7 40 
 

Table 3. The Result of Dominant Frequencies Calculated by the HVSR Method from the Second Location (B). The 
H/V Column Represents the Amplification Value 
Measurement location Dominant frequency (Hz) ± standard error  H/V Sediment thickness (m) 
B1 8.7 ± 0.17 2.4 18 
B2 7.0 ± 0.08 2.9 23 
B3 8.0 ± 0.89 3.2 20 
B4 7.8 ± 0.04 3.3 21 
B5 8.5 ± 0.08 2.8 19 
B6 8.8 ± 0.24 2.3 18 
B7 8.5 ± 0.06 2.4 19 
B8 8.0 ± 0.43 4.2 20 
B9 7.0 ± 0.32 5.0 23 
B10 9.0 ± 0.56 3.5 18 
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The map of the distribution of dominant frequency 
values in the first location is shown in Figure 8. The data 
taken on location B is not sufficient to be plotted as a 
map. It has served the purpose to verify the correctness 
of the procedure. The map shows an inhomogeneity of 
the local area, providing detailed information on the 
subsurface structure variation, which may be important 
for other fields such as civil engineering, which suggest 
the frequency that has to be avoided on building an 
infrastructure. The highest resonance frequency is 
located in the Northwest part of the measurement site, 
indicating the shallowest layer of the sediment. In this 
case 32 meters of sediment thickness. The thickest can be 
found around the center of site A, of around 64 meters. 

In figure 8.b we calculated the amplification factor map, 
derived from the frequency map and the shear velocity 
of the sedimentation layer and the base layer at every 
point in the map. The red zones in the map indicate the 
locations that are more prone to ground shaking, in the 
case of earthquakes. We found that the dominant 
frequency and the amplification factor are weakly 
correlated. This fact originates from a complex 
relationship between the amplification factor, lithology, 
and topography of an area. However, the collected data 
has shown the method is satisfactory in order to reveal 
the subsurface structure complexity, especially in a 
volcanic alluvial region where the sedimentation process 
may bury preexistence structures. 

 

 
 

(a) (b) 
Figure 8. The mapping of (a) the resonance frequency and (b) the amplification factor 

 
Conclusion 
 

The HVSR analysis has been carried out on three-
component passive seismic data acquired using an in-
house developed seismometer system. This work has 
shown that the instrument is adequate and able to 
measure correct physical properties of sediment at the 
volcanic alluvial lithology. To give a summary, in this 
work we obtained the correct resonance frequencies 
which are directly related to the thickness of the 
sedimentary layer. The result for the thick sediment area 
is in the range of 32 to 64 meters, consistent with the 
literature. For the thin sediment area, we obtain a higher 
resonance frequency, which is 18 to 23 meters, also 
consistent with the available literature, with acceptable 
error deviation. The frequencies are in the range of 
alluvial deposits or in the form of soil resulting from 
weathering of rocks.  We calculated the amplification 
factor based on the measurement data, and found out 
that the chosen areas are situated in the low to medium 
category of disaster vulnerability.  As stated previously, 
the aim of this work is to verify the correctness of 
measurement and computation procedure, in order to 
implement the environmental monitoring based on the 
measurement of ground vibration. The obtained data is 

very important, in order to predict damage that may be 
caused by natural disaster and suppress casualties in 
case of catastrophic events, considering the geological 
situation of the Bandung Basin. In the future work we 
intend to build more instrumentation systems to be 
deployed around the rim of the basin, and perform 
continuous monitoring of the ground vibration. 
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