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Abstract. The landslide is one of the most costly catastrophic events in terms of human lives and infrastructure damage,
thus an early warning monitoring for landslides becomes more and more important. Currently existing monitoring
systems for early warning are available in terms of monolithic systems. This is a very cost-intensive way, considering
installation as well as operational and personal expenses. We have been developing a landslide detection system based on
flat coil and coil sensor. The flat coil element being developed is an inductive proximity sensor for detection mass of soil
movement. The simple method of flat coil manufactures and low cost, is an attraction that is still inspired to develop flat
coil sensors. Meanwhile, although it has a drawback in terms of their size, the coil sensor is still required in many fields
due to their sensitivity and robustness. The simple method of coil manufacture and the materials are commonly available
and low cost, is an attraction that is still inspired to develop induction coil sensors. A comparative study of alternative
configuration of sensor based on flat coil elements and a coil in application to landslide detection has been discussed in
this paper. The purpose of this comparison is to show the ideal conditions and the challenges for each sensor.
Furthermore, a comparison between flat coil and coil sensor is presented.

Keywords: Coil sensor, flat coil, ground displacement, landslide, proximity.
PACS: 92.40.Ha

INTRODUCTION

Geographical location of Indonesia in such a way, are often experienced natural disasters such as; landslides,
earthquakes, volcanic eruptions, and floods. The landslide is geological hazards that cause damage to the natural and
social environment. According the National Agency for Disaster Management in Indonesia had an average of 236
events of the landslide in 2013 [1]. The frequency of occurrence of landslides is increasing every year. Recent
studies estimate more than 4,500 people dead and thousands more injured due to landslides around the world every
year [2]. The landslide is one of the most costly catastrophic events in terms of human lives and infrastructure
damage, thus an early warning monitoring for landslides becomes more and more important. The warning is the
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most economical risk-reduction measure for rapid landslides. Therefore, it needs a tool that can provide information
quickly and accurately. One of the tools that are required is a ground displacement sensor.

Sensors that have been used as an early warning system of landslides are extensometers [3], strain gauges [4],
fiber optic sensor [5], and inclinometer [6]. In this paper, we will present a comparison of flat coil and coil sensor
for landslide detection.

EXPERIMENTS

Design and manufacture of coil elements and a flat coil as ground displacement sensor is by varying the number
of turns, wire diameter, and the diameter of the sensor. Flat coil element is made of a mixture of silver and epoxy
thin while coil elements are made from wire email. Measurement of the value of inductance coil elements using LC
meter. Measurement of the value of inductance coil elements (solenoid shape and flat coil) using an LC meter and
the measurement results is shown in Table 1.

TABLE 1. Characteristic of coil element and flat coil.

Characteristic Coil (solenoid) Flat coil
Material Email wire epoxy and silver mixed
number of windings 24 30
Diameter 50 mm 30 mm
Wire Diameter 1.2 mm -

Solenoid high 80 mm -
Inductance 9.05 mH 9.2 uH
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FIGURE 1. (a) static calibration for flat coil sensor (b) static calibration for coil sensor and (c) dynamics calibration for flat coil
sensor [7]
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Static Calibration

Before being used as a sensor, a flat coil element first calibrated, i.e. calibration distance (distance between the
flat coil elements with seismic mass). Calibration is done to look at the work area, sensitivity and reproducibility of
the flat coil element. Figure 1 (a) shows the static calibrator tool of a flat coil element.

The workings of this calibrator tool are by turning the micrometer to the desired displacement. Sensitive area of
the measurement step is 1 pm. Meanwhile, areas that is less sensitive to measurement step of about 100 pum.
Calibrator tool of coil elements is shown in Figure 1 (b). Way of the device works is by pressing the center of one
plate slowly to stick to another plate with 5 mm step measurement.

Dynamic Calibration

Dynamic calibration of the sensor-based coil is done in two ways (Figure 1(c)), namely: 1) by pressing one end
attached to the end plate to the other plate. The distance between the two plates and measuring intervals adapted to
the desired value. In this study, a variable that is varied is the distance to the flat end of the sensor system. 2) By
sliding one end of the flat to the vertical direction.

RESULTS AND DISCUSSIONS

Static Characteristic of Coil-Based Sensor

Measurement of static characteristics of the sensor coil are conducted in the range (0-100) mm in intervals of 5
mm and a flat coil sensor in the range (0-25) mm in intervals of 0.05mm. The measurement results show that the
output voltage of the coil-based sensors increases with the close distance between the two plates. The coil sensor has
a work area between 0:01 - 80 mm while the flat coil-based sensors have a working area between 0:06 - 20 mm. The
sensitivity of the sensor is very high when the distance between the two plates closer. The coil sensor is having
saturation at distances greater than 45 mm, while flat coil sensor experiencing saturation at distances greater than 10
mm. Results of static characterisation of coil-based sensor is shown in Fig. 2 (a) and 2 (b).

The coil sensor has a very high sensitivity when the distance between the two plates closer. Coil sensor has a
sensitivity in the range (0.01 - 45) mm (Fig. 2 (c)), while the flat coil sensor has a sensitivity in the range (0.06 - 10)
mm as shown in Fig. 2 (d). The sensitivity of both sensors is very good in this area due to changes in the output
voltage of each input change is large enough for this area. Testing the reproducibility of the sensor coil for
measuring area (0:01 - 45) mm with 5 mm interval measurements performed 3 times, as well as a flat coil sensor for
measuring area (0:06 - 10) mm with a measurement interval of 0.05 mm performed 3 times. The reproducibility of
the test results is shown in Fig. 2 (e) and 2(f).

Dynamics Characteristic of Coil-Based Sensor

Measurement of dynamic characteristics of a coil sensor is done by pressing one end attached to the end plate to
the other plate. The measurement results (Fig. 3 (a) and 3 (b)) showed that at a distance of 15 mm, and 25 mm,
resulting in a saturation output voltage experienced at a distance of 65 mm and 85 mm, respectively. So, the longer
the distance from the sensor to center point of the flat end, the greater length of the working area of the sensor.
Meanwhile, the measurement of dynamic characteristics of flat coil sensor is shown in Fig. 3 (c) and 3(d).

Before the landslide occurs, firstly the movement of the few centimeters of soils before the ground it out or
falling from the slopes. Calibration results showed that soil displacement sensor system capable of detecting a shift
in the region (0.1 - 100) mm for the coil sensor and (0.6 - 10) mm for the flat coil. Thus, the coil-based sensor
system that has been developed has the potential to be applied as sensors of landslides.
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FIGURE 2. (a) static characteristic of coil sensor (b) static characteristic of flat coil sensor (c) sensitivity of coil coil sensor
(d) sensitivity of flat coil sensor (e) reproducibility of coil sensor and (f) reproducibility of flat coil sensor
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FIGURE 3. Dynamics characteristic of coil sensor for (a) 15 mm and (b) 25 mm [8]. Dynamics characteristic of flat coil sensor
for (a) 15 mm and (b) 25 mm.

CONCLUSION

Development and calibration of a coil-based sensor system to detect landslides have been successfully carried
out. This sensor able to detect very small movements of the land, because this sensor has a working area (0.1 - 45)
mm for the sensor coil and (0.6 - 10) mm for the flat coil. In addition, the sensor system capable of detecting ground
movement in the horizontal direction within the range (0-85) mm for the sensor coil and (0-15) mm for flat coil
sensor. Thus, the coil-based sensor system has the potential to be applied as sensors for early warning of landslides.
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