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 The research has measured the landslide using a displacement sensor 
based on Glass Optical Fiber (GOF) and Optical Time Domain 
Reflectometer (OTDR). The sensor manufacture process consists of 
various materials, structures, configurations, diameters, and 
directions. The sensor is made using GOF with a single-mode 
structure and single mode-multimode-Singlemode (SMS) structure. 
Each system is given a variety of configurations, namely gamma, 
bowknot, and three loops configuration. Each arrangement is provided 
a variation of the indentation diameter in three displacement 
directions. The test results will be read as the power loss on the OTDR 
in dB units. The results obtained were then compared between two 
materials, two structures, and directions. Displacement resulting 
landslides and changes to the sensor, causing power losses, and 
affecting the characteristics of each sensor. We found the best 
measurement results with the sensitivity value of 0.241 dB/mm and 
the resolution value of 0.004 mm. The displacement sensor has been 
made for measuring landslide in the laboratory-scale simulation based 
on GOF and OTDR with easier fabrication, easy operation, high 
sensitivity, better resolution and can be connected to a computer  
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Introduction 

Landslides are events that shift the soil due to rainfall, earthquakes, and soil displacement [1]. 
In Indonesia, landslides are natural disasters that cause casualties, property loss, 
environmental damage, and psychological impact. From 2011 to 2016, around that 23% of the 
biggest disasters that occurred in Indonesia were landslides [2]. Based on this data shows the 
importance of monitoring and early detection of soil displacement.  

Landslide monitoring is divided into two groups, namely tracking of surface shifts and 
monitoring of underground changes. Landslide monitoring has been carried out using 
several existing techniques and sensors. Many monitoring techniques traditionally use 
boreholes, such as inclinometers, tiltmeters, extensometers. These tools can measure the 
landslide in the environment, are sensitive enough but require a complex system, and are 
expensive [3-6]. Landslide monitoring has developed using optical fiber. The optical fiber as 
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the sensor can be used in various fields of measurement, including measuring solution 
pressure, temperature [6], vibration [7], displacement [8], load and crack [9-11], stress [12], 
fuel detection [13], health [14, 15], etc. Optical fiber is safe to use, has a high speed of light 
transmission, is resistant to corrosion, is not sensitive to electromagnetic waves, and does not 
conduct heat. In its use, the optical fiber can be combined with an OTDR as an instrument [1, 
5-14]. 

In several studies, the optical fiber as a sensor can be combining with an OTDR and other 
devices with displacement principle for some measuring. The study has been carried out by 
Huang et al. (2018) about stress sensors based on OTDR with different materials [12]. The 
research was also carried out by Zheng et al. (2019 and 2020) about the principle of 
displacement based on optical fiber for landslide monitoring [4] and crack sensor [16]. 
Likewise, Cheng et al. (2020) combined a crack sensor's shape and optical splitter with a 
displacement principle [17].  However, some studies require special treatment because of the 
complex system and difficult fabrication. Therefore, in this study, the displacement sensor 
has been made using GOF and OTDR to measure landslides. OTDR works based on the 
principle of backscattered light to find several parameters in optical fiber measurements. The 
OTDR will transmit a laser beam signal into the fiber under test. Then the signal beam 
propagates along with the optical fiber until it reaches the end of the fiber and is reflected [6, 
13]. Sensors have been made with various structures, configurations, and materials then 
embedded in the box. This study is expected to produce measurements of displacement with 
higher sensitivity, good resolution, easy to operate, and easier fabrication. 

Principle and Experimental Method 

GOF, soil, microdisplacement, fusion splicer, and OTDR are this study's primary tools and 
matters. In use, the types of GOF used are single-mode and multimode. For single-mode fibers 
(SMF), use a standard SMF28 type step-index (SI) with a core diameter of 8.3 μm and a 
Numerical Aperture (NA) of 0.13. At the same time, Thorlabs GIF50C was used as multimode 
fibers (MMF) graded-index type with a core diameter of 50 μm, cladding diameter of 125 μm, 
and NA of 0.20. The sensor has been made consists of two structures, namely Singlemode 
structure, and SMS structure. Each frame is made with a variety of configuration, indentations, 
and diameters.   The first method in this study to make the sensor using a single-mode system 
with various formats is shown in Figure 1. 

 
 

 
 

(a) (b) (c) 
Figure 1. Displacement sensor design with singlemode structure and variety of configuration (a) 

gamma; (b) bowknot; (c) 3 loops. 

After manufacturing the sensor with the single-mode, structure has been completed. The other 
method is to manufacture the sensor with the SMS structure that requires GOF consisting of 
SMF and MMF type. An MMF was spliced between two SMF by fusion splicer and shown in 
Figure 2. In this SMS structure, one section of the MMF is in the middle that is located between 
two SMF sections to be aligned along the same axis. There is interference between the two 
modes and the MMF in the SMS fiber structure and produces the maximum or minimum 
interference. Optimizing the MMF into the sensor can develop the function [18, 19] and sensor 
sensitivity with the displacement principle. The difference influences this in refractive index 
and NA between SMF and MMF on the SMS fiber structure 
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The SMF step index (SI) has small diameter of core. In this type, the light propagates with one 
rays of path. The SMF-SI type has the core refractive index that higher than the cladding 
refractive index and radius. The refractive index of core and cladding of the SMF type is shown 
in Equation (1) [20]: 

𝑛(𝑟) {
𝑛1         𝑤ℎ𝑒𝑛 𝑟 < 𝑎 (𝑐𝑜𝑟𝑒) 

𝑛2  𝑤ℎ𝑒𝑛 𝑟 ≥ 𝑎 (𝑐𝑙𝑎𝑑𝑑𝑖𝑛𝑔)
    (1) 

The core and cladding layers have different refractive indices, so they are called the relative 
refraction index (𝛥) and can be written as in Equation (2) [20, 21]: 

∆=  
𝑛1−𝑛2

𝑛1
     (2) 

Furthermore, the ability of the fiber to receive and transmit light is called NA. The NA for the 
SMF-SI type is written in Equation (3) [21]: 

𝑁𝐴 =  √𝑛1
2 − 𝑛2

2 =  𝑛1√2∆    (3) 

The MMF graded-index has a core refractive index that decreases continuously with distance 
r from the axis and written in index variation in Equation (4-5) [21]: 

𝑛(𝑟) = 𝑛1 √1 − 2 (
𝑟

𝑎
)

𝛼
∆ , 𝑟 ≤ 𝑎    (4) 

𝑛(𝑟) = 𝑛1 √1 − 2∆ =  𝑛2 , 𝑟 > 𝑎    (5) 

Where 𝑎 is parameter which represents the refractive index profile of MMF’s core. For 𝛼 = 1, 
is a triangular profile, if 𝛼 = 2 is the parabolic profile, and for 𝛼 > 10, is a step index profile 
[22]. 

If 𝛼 = 2 in Equation (4), the core refractive index can be written in Equation (6): 

𝑛(𝑟) = 𝑛1 √1 − 2 (
𝑟

𝑎
)

2
∆     (6) 

Because of 𝛼 = 2, so this index was called parabolic profile. Furthermore, the NA of MMF 
graded index determined in Equation (7) [21]: 

𝑁𝐴 =  𝑛1√2∆√1 − 2 (
𝑟

𝑎
)

2
    (7) 

Due to the SMS's function, OTDR will detect the power of the light that vary linearly and 
reflected at the specific wavelength. The output power of SMS fiber structure that detected by 
OTDR can be written in Equation (8) [19]:  

𝑃𝑜𝑢𝑡 =  (𝐸1𝜆1 + 𝐸2) 𝑃𝑖𝑛    (8) 

Where 𝑃𝑜𝑢𝑡 is the output power of the SMS fiber structure, 𝐸1 and 𝐸2 are the representative of 
the SMS’s slope that corresponding to the rising and falling slope region was read on the 
OTDR, 𝜆1 is the wavelength of the light signal that transmitted to the SMS fiber structure, and 
𝑃𝑖𝑛 is the power input in dB units. In this study, the configuration was used in the SMS 
structure is the same as the first method, namely gamma, bowknot, and 3 loops configuration. 
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(a) 

 
 

 

(b) (c) (d) 
Figure 2. Displacement sensor design for measuring landslides with SMS structure consisting of (a) 

the SMS structure generally; (b) gamma; (c) bowknot; and (d) 3 loops configuration. 

The primary process in the manufacture of the displacement sensor using GOF and based on 
OTDR. The sensor consists of a single-mode structure only and an SMS structure with various 
configurations and indentation diameters. Then, each sensor is embedded inboxes. It aims to 
test the sensor’s response due to material differences. The schematic of the displacement 
sensor using GOF and based on OTDR for measuring landslide is shown in Figure 3. 
 

 
Figure 3. The scheme of the displacement sensor using GOF and based on OTDR for measuring 

landslide. 

Figure 3 shows the sensor’s scheme for measuring landslides with the displacement principle. 
The sensor is embedded in two boxes. In this experiment was prepared two kinds of materials 
that are included in one of the boxes alternately. The first material is a mixture of soil. In 
contrast, the second material is ordinary sand, which is an initial study to see the effect of 
material differences on the sensor's output. We can set the box as a container for soil and sand 
length 50 cm, width 5 cm, and height 5 cm. One of the boxes is placed on the micro 
displacement as box one, while the other box, as box two, is attached to a wooden stand and 
alternately filled with soil and sand. The distance between box one and box two is set at 5 cm. 
One end of the sensor closest to the wooden stand is connected to the OTDR using a patch 
cord cable type subscriber connector (SC). The patch cord cable is marked with a yellow cable 
in the figure above. 

The sensor consists of two structures, namely, only single-mode structure and SMS structure. 
Each system of the sensor with a variety of configurations, indentation diameters, and 
displacement is then embedded into two kinds of material alternately that mentioned before. 
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Box one and box two were set aligned along the same axis. The second box is filled with soil 
or sand partially as deep as 2.5 cm and the sensor embedding above it, then the soil and sand-
filled again until the box is full. The configuration used consists of gamma, bowknot, and three 
loops configuration, respectively. For the diameter of the indentation was used 1 cm, 2 cm, 
and 3 cm. The displacement range is carried out in 0 mm – 10 mm with an increment of 0.5 
mm. In this study, the displacement consists of three directions, namely abscissa, ordinate, and 
applicate, that refer to x, y, and z-axis, respectively, in Figure 3. Displacement will affect the 
soil or sand in the box to move in the same direction of the displacement and caused a change 
in diameter on the sensor. This displacement represents the land moving that indicates the 
landslides and can be developed for measuring landslides. 

Measurement of the sensor is carried out when the OTDR is connected to the sensor. OTDR is 
an instrument for event measuring on optical fiber in the time domain. OTDR will send the 
light signal into the optical fiber with a specific wavelength (generally 1310 nm or 1550 nm). 
At the same time, the OTDR will calculate the time of signal transmission and the return of the 
light signal from the optical fiber to the OTDR. It aims to determine the distance between the 
measuring point and the event. This principle is known as the backscattering principle in 
optical fiber. The detector detects the returning light signal. The signals analyzer has the 
function of calculating the output from the detector and sending the measured value to the 
memory units on the controller. The microprocessor acts as a controller to store data, 
undertake mathematical operations on measured values , and identify optical fiber events as 
power losses. The final result will be displayed on the OTDR screen in the form of a graph of 
the time domain to power loss in dB units [23]. 

Result and Discussion 

Research has been conducted to test and measure power loss to displacement with variations 
given to each sensor for a landslide. Initial measurements used a single model structure 
embedded in a soil box with various configurations and diameters. The configurations were 
used gamma, bowknot, and three loops. Each configuration is given a variety of indentations 
in diameter from 1 cm, 2 cm, and 3 cm. The result read on the OTDR. The measurement results 
of single-mode structure displacement sensor on the soil box for measuring landslide shown 
in the Figure 4. 

  
(a) (b) 
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(c) 

Figure 4. The results of displacement sensor in soil box using singlemode structure for measuring 

landslide with variety of diameter and configuration (a) gamma; (b) bowknot; and (c) 3 loops. 

The results of the displacement sensor against power losses using a single-mode structure, 
variation in configurations, and diameters for measuring landslide are shown in Figure 4. The 
testing process starts from the displacement towards the y-axis with the value of 0 mm until 
10 mm with an increment of 0.5 mm. The increase of the displacement will affect the diameter 
of the sensor to become smaller. Changes in the diameter of the sensor will affect the curvature 
of the radius to be smaller. When the curvature becomes smaller, it will result in changes in 
the intensity of the light emitted along with the optical fiber and impact changes in the output 
power that is read on the OTDR in dB units. 

The measurement results can be analyzed using the characteristic values of each sensor. Sensor 
characteristics include the range, sensitivity, and resolution value. The range is the difference 
between the maximum power losses and minimum power losses, which is described by 
following Equation [8-11]: 

∆ =  𝐿𝑚𝑎𝑥 − 𝐿𝑚𝑖𝑛     (9) 

where 𝐿𝑚𝑎𝑥  is the maximum power losses and 𝐿𝑚𝑖𝑛 is the minimum power losses. 

Sensitivity is the sensor’s ability to measure a certain quantity. Sensitivity is obtained by 
dividing the range and displacement difference. The sensitivity can be written into the 
following Equation. [9-11]: 

𝑆 =
∆

𝑥𝑚𝑎𝑥−𝑥𝑚𝑖𝑛
=

∆

𝑦𝑚𝑎𝑥−𝑦𝑚𝑖𝑛
=

∆

𝑧𝑚𝑎𝑥−𝑧𝑚𝑖𝑛
   (10) 

where 𝑥𝑚𝑎𝑥  , 𝑦𝑚𝑎𝑥, and 𝑧𝑚𝑎𝑥 are the maximum displacement in three directions that setting 
and given to the sensor. While for 𝑥𝑚𝑖𝑛 , 𝑦𝑚𝑖𝑛, and 𝑧𝑚𝑖𝑛 are the minimum displacement in three 
directions on sensor.  

The resolution is the smallest value that can be measured by the sensor which can be written 
into the following Equation [8-11]: 

𝑅 =
𝑁

𝑆
       (11) 
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Where N is the smallest scale of the value which can be measured by the OTDR, and S is the 
sensor’s sensitivity. The characteristics of the singlemode sensor structure with variations in 
configuration and diameter is shown in the Table 1. 

Table 1. Sensor’s characteristics with singlemode structure variety of configuration and diameter in 
soil box. 

Configuration Diameter Range (dB) Sensitivity (dB/mm) Resolution (mm) 

Gamma 

3 cm 0.142 0.014 0.070 

2 cm 0.175 0.017 0.057 

1 cm 0.228 0.022 0.043 

Bowknot 

3 cm 0.239 0.023 0.041 

2 cm 0.278 0.027 0.035 

1 cm 0.291 0.029 0.034 

3 Loops 

3 cm 0.503 0.050 0.019 

2 cm 0.596 0.059 0.016 

1 cm 0.757 0.075 0.013 

Table 1 shows the sensor's characteristics value in the soil box using a single-mode structure 
with variations in configuration and diameter for measuring landslide. Each variation 
produces a different value that will affect the characteristics of each sensor. Characteristic 
results are obtained using mathematical operations from Equation (9) to Equation (11), the best 
characteristics with the highest value of range and sensitivity and the smallest value of 
resolution. This section obtained the best results in the three loops configuration 1 cm with 
0.075 dB/mm sensitivity value and a resolution value of 0.013 mm. Subsequent research was 
carried out with the same type of sensor but embedded in different media, namely in the 
sandbox. 
In the second part of this research, the sensor with the single-mode structure, variations in 
configuration, and diameter is embedded in a sandbox. It aims to examine the effect of 
differences in two kinds of materials on the sensor's sensitivity. Each measurement uses the 
same structure, configuration, and diameter as before. The results of the displacement sensor 
measurements in the sandbox are shown in this Figure. 5. 

  
(a) (b) 
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(c) 

Figure 5. The results of the displacement sensor in the sand box using singlemode structure for 
measuring landslide with variety of diameter and configuration (a) gamma; (b) bowknot; and (c) 3 

loops. 

Figure 5 shows the measurement results of the displacement sensor variation in configuration 
and diameters embedded on the sandbox for measuring landslide. The displacement is set up 
parallel to the sensor to the left or towards the y-axis with a displacement value like before. 
An increase in displacement will cause a shift in the material and impact the sensors that have 
been embedded in the sandbox. That changes are affect disturbed the intensity of light along 
with the optical fiber and causing power losses. Variations in diameter consist of 1 cm, 2 cm, 
and 3 cm. Every variation produced different characteristic values and shown in Table 2.  

Table 2. Sensor’s characteristics with singlemode structure variety of configuration and diameter in 
sand box. 

Configuration Diameter Range (dB) Sensitivity (dB/mm) Resolution (mm) 

Gamma 

3 cm 0.229 0.022 0.043 

2 cm 0.253 0.025 0.039 

1 cm 0.299 0.029 0.033 

Bowknot 

3 cm 0.274 0.027 0.037 

2 cm 0.351 0.035 0.028 

1 cm 0.433 0.043 0.023 

3 Loops 

3 cm 0.631 0.063 0.015 

2 cm 0.846 0.084 0.011 

1 cm 1.143 0.114 0.008 

The characteristic of the sensor is shown in Table 2. The characteristics of each sensor show 
different results. It is influenced by the variation given to each sensor, resulting in different 
values. The best results are in the three loops configuration, a diameter of 1 cm, and obtained 
the range, sensitivity, and resolution value of 1.143 dB; 0.114 dB/mm; and 0.008 mm, 
respectively. The variations in the kind of material aim to see the sensor's responses to the 
difference in the material around the sensor. 
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Furthermore, a comparison of the measurement results between Table 1 and Table 2 has been 
carried out. In this case, the mass of soil and sand used is the same as 1,250 grams. The 
comparison results obtained those measurements on the sandbox have a higher sensitivity 
than those on the soil box. Therefore, the research at this step is appropriate with Huang et al. 
(2018), which states that material differences result in differences in power losses and 
increased sensitivity in sand compared to soil [12]. 

The following research is displacement sensors using the SMS structure with various 
configurations and diameters for measuring landslides. The SMS structure is a combination of 
two different structures consisting of SMF and MMF. The MMF is spliced with the SMF and 
forms the SMS structure [24]. The MMF optical fiber length is 10 cm. The configuration consists 
of gamma, bowknot, and three loops, with each configuration given a diameter variation of 1 
cm, 2 cm, and 3 cm. The sensor embedded in the sandbox and the same shift in the y-axis 
direction with the same displacement value as the previous stage. Each variation of the 
displacement sensor measurement produces different power losses and response values 
displayed on the OTDR in dB units. The results of the displacement sensor with the SMS 
structure variation in configuration and diameter are shown in Figure 6. 

  
(a) (b) 

 
(c) 

Figure 6. The measurement results of the sensor using SMS structure in the sandbox for measuring 
landslide variation in diameters and configurations (a) gamma; (b) bowknot; and (c) 3 loops. 

The measurement results of the displacement sensors using the SMS structure with variations 
in diameter and configuration for measuring landslides are shown in Figure 6. Each sensor 
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was embedded in a sandbox and given the displacement of 0 mm to 10 mm. When the sensor 
is displaced by microdisplacement, the diameter sensor becomes smaller so that the light 
intensity along the optical fiber is reduced because of the indentation in the sensor.  

The light intensity on the fiber structure of the SMS is related to the radius of curvature and 
indentation. In addition, the value of the refractive index of the MMF graded-index on the SMS 
structure is affected by the distance r from the axis, which can also affect the light intensity 
along with the sensor structure of the SMS. These things impact the distribution of power and 
interference of light as the wave propagates along with the optical fiber toward bending. The 
total output power depends on the constructive and destructive interference along with the 
SMS structure. This output power is the sum of the input power and the combination of each 
mode in the single-mode and multimode structures, spliced into the SMS structure as written 
in Equation (8) before [24]. That changes will result in increased power losses which are read 
on the OTDR. The characteristic results of the SMS structure variety of configuration and 
diameter in the sandbox and the y-axis direction are shown in Table 3. 

Table 3. Characteristics of the sensor with SMS structure variety of configuration and diameter to 𝑦 
direction in sand box. 

Configuration Diameter Range (dB) Sensitivity (dB/mm) Resolution (mm) 

Gamma 

3 cm 0.265 0.026 0.037 

2 cm 0.314 0.034 0.031 

1 cm 0.509 0.050 0.019 

Bowknot 

3 cm 0.491 0.049 0.020 

2 cm 0.555 0.055 0.018 

1 cm 0.623 0.062 0.016 

3 Loops 

3 cm 0.686 0.068 0.014 

2 cm 0.967 0.096 0.010 

1 cm 1.74 0.174 0.005 

Table 3 shows different results from each sensor using the SMS structure on the y-axis with 
various configurations and diameters for measuring landslides. The best-expected results are 
in the configuration of 3 loops SMS structure using the diameter of 1 cm, with the sensitivity 
value of 0.174 dB/mm and resolution value of 0.005 mm. Furthermore, the comparison of the 
best results in Table 2 and Table 3 shows the characteristics of the SMS structure are better 
than the single-mode structure. The use of the SMS structure on the sensor produces a more 
excellent range and sensitivity value than the single-mode structure. Each sensor with SMS 
fiber structure to bend has a difference in sensitivity value [25]. An SMS fiber structure has 
advantages: higher sensitivity, long-range measuring operation, low cost, simple construction, 
ease of fabrication, and connection to system and device [26]. 

The last part is continued by measuring landslides with displacement principle in different 
axis directions in the sandbox using 3 loops configuration SMS structure and various 
diameters. The diameters are 1 cm, 2 cm, and 3 cm. In this section, the microdisplacement is 
placed below the sandbox so that the sandbox will follow the microdisplacement direction, 
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which is moving in the x and z directions. Displacement is given by 0 mm to 10 cm with an 
increment of 0.5 mm to the x and z-axis alternately. The results of the displacement sensor 
measurements on the x and z-axes of the SMS structure three loops configuration with 
diameter variations in the sandbox are shown in Figure 7. 

                         (a)                          (b) 

Figure 7. The measurement results of the displacement sensor using the SMS structure in the sandbox 
with variations in diameter and direction of (a) 𝑧-axis; and (b) the 𝑥-axis. 

Figure 7 shows the change in power losses to the displacement was given to the sensor using 
SMS structure three loops configuration with variations in direction and diameter for 
measuring landslides. The increase in displacement is inversely proportional to the radius 
curvature but proportionate to the power losses read in the OTDR for measuring landslides. 
Measurements in the z-axis direction indicate the displacement that moves up vertically. At 
the same time, the measurement in the x-axis direction indicates the displacement that moves 
perpendicular to the y-axis. Each order shows different measurement results and sensor 
characteristics. The characteristics of the sensor based on GOF and OTDR using the SMS 
structure for measuring landslides with three loops variations in direction and diameter are 
shown in Table 4. 

Table 4. Characteristics of the sensor with SMS structure with 3 loops configuration variety of diameter 
and direction in sand box for measuring landslides. 

Direction Diameter Range (dB) Sensitivity (dB/mm) Resolution (mm) 

Z-axis 

3 cm 0.528 0.052 0.018 

2 cm 0.779 0.077 0.012 

1 cm 1.070 0.107 0.009 

X-axis 

3 cm 0.759 0.075 0.013 

2 cm 1.095 0.109 0.009 

1 cm 2.418 0.241 0.004 
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Based on Table 4, the best measurement results are obtained in the x-axis direction 1 cm with 
the sensitivity obtained of 0.241 dB/mm and the resolution obtained of 0.004 mm. The sensor 
with three loops configuration 1 cm becomes the best configuration and diameter because the 
more bending applied than gamma and bowknot configuration, likewise x-axis and y-axis 
cause more strain but inversely proportional to the radius curvature on optical fiber than z-
axis direction. The measurement result is compared and shown in Figure 8. This figure shows 
the comparison graph containing the sensitivity value using three loops’ configurations with 
SMS structure in x-axes, y-axis, and z-axis direction. The comparison graph shows the highest 
sensitivity value is in the three loops configuration with the x-axis direction. 

 
Figure 8. Sensor’s comparison graph with sensitivity values of 3 loops configuration SMS structure at 

various axis direction. 

Sensor testing and measurement are carried out to obtain the best characteristics consist of 
higher sensitivity and better resolution value. Each sensor produces power losses and different 
responses. The increase in power losses due to the reduced light intensity received by the 
detector in the OTDR can be developed to measuring landslides. The results obtained are 
appropriate with the previous study conducted by Zheng et al. (2019), which states that the 
displacement given to the sensor will result in a smaller diameter so that the power losses will 
increase [4]. Displacement sensors with SMS structure variety of configuration and direction 
can measure landslides with easier fabrication, easy operation, high sensitivity, and better 
resolution. The sensor has been made to measure landslides in the laboratory-scale simulation 
based on GOF and OTDR with SMS structure, which is utilized to measure landslides on a 
bigger scale.  

Conclusion 

The displacement sensor based on GOF and OTDR was used to measuring landslides. The 
sensor manufacture process consists of various materials, structures, configurations, 
diameters, and directions. The material is used consists of a mixture of soil and sand. The 
single-mode and SMS fiber were used for structure variety. For a variety of configurations 
using gamma, bowknot, and three loops with indentation diameter. For three loops 
configuration using variations in three displacement directions. The result shows that the SMS 
structure is better than the SMF structure. The best measurement results are obtained on the 
SMS structure using three loops’ configurations diameter 1 cm in the sandbox with the x-axis 
direction of displacement. The best results have the sensitivity value of 0.241 dB/mm and the 
resolution value of 0.004 mm. The displacement sensor has been made to measure landslide 
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in the laboratory-scale simulation based on GOF and OTDR with easier fabrication, easy 
operation, high sensitivity, better resolution, and connection to a computer. Sensors with SMS 
structure can be used for further research on landslide sensors in the more extensive field. 
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