
Abstract
Objectives
Methods/Analysis

: This study aims to obtain a sensitive liquid level sensor by using Plastic Optical Fiber (POF).   
: The sensor head is obtained by removing part of the jacket. This section is bent with a diameter

of 2 cm. To determine differences in the sensitivity, the sensor head is also coated with aluminum or copper. In a fiber
composed of four/five bends. He-Ne laser light inserted into the fiber optic. Output intensity is measured by a power meter. 
Findings: The diameter and the number of bends in the POF affects the intensity of the output, since the incident angle
core becomes smaller than the critical angle so that not all of the light to be refracted toward the cladding. The coating on
the cladding affects the intensity of the output of POF due to differences in the reflectance of the coating material. Coating
affects the performance of the sensor. Aluminum coating on the fiber with four bends provide better sensitivity sensor. 
Applications/Improvements: This sensor can be used to monitor liquid levels. The number of bends and coating with
aluminum on the sensor increases sensitivity.
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1. Introduction
Fiber optic sensor technology has become a major part in
optoelectronics and fiber-optic communications industry.
Many of the components associated with this industry are
often developed for applications of fiber optic sensors. The
study of sensor optical fiber that has existed among them,
level sensors petrol1, liquid levels2,3,15, the level of the liquid
in a volumetric flasks as applications in industry4, strain
measurement5, the humidity sensor in storage chemical6,7,
and temperature sensors8,17.

Fiber optic sensor used a modified behavior of light
waves. Methods for modifying can be done against the
amplitude (intensity), frequency, and phase. Amplitude
modification has the advantage of being easy to be pro-
cessed8–13. This method is a simple method. Intensity
changes occurred due to the leakage caused by the optical 

fiber subjected to pressure, temperature17 changes, bend-
ing18–20 or other physical treatment16. Modulating the
intensity of the most widely developed can be conducted
through a wave absorption in the core-cladding interface
by modifying the optical fiber cladding. Intensity modu-
lated optical fiber sensor (amplitude) by measuring the
optical power or absorption that occurs both inside and
outside the fiber optics. The advantage of the method
of measuring intensity modulated is ease of implemen-
tation, quality and simplicity in signal processing. This
modulation may occur outside (extrinsic)11,14,17 or inside
(intrinsic)6,17 optical fiber.

This research examined the sensitivity of changes in
the intensity of the POF sensor which has multiple bends.
Sensitivity was also assessed for part sensing coated by
aluminum and copper. In this study shown aluminum
coated sensor increases the sensitivity.
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2. Calculation of Leakage Losses 
in POF Bent
The numerical aperture of an optical fiber is useful to know 
the parameters that measure the ability of an optical fiber 
in collecting or trapping light. The value of the refractive 
index of core and cladding can be used to calculate the 
numerical aperture value by using the equation (1).
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Acceptance angle also indicates the range of values 
for an incident angle of light entering the optical fiber, 
which is still possible to be propagating in the core until 
it reaches the output end, then there should be a clear 
relationship between the numerical aperture and accep-
tance angle, as both the magnitude of this measure are 
two things that are basically the same. The formula used 
to determine the angle of acceptance as in equation (2).
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Selection of the incident angle of 250 from the air core 
to be done so that light can be reflected back into the 
core (first medium) when the optical fiber is straight. The 
reflectance of the first bend can be used as input for the 
next bend is shown in Figure 1.

By using Snell’s law can be determined angle values to 
allow light into the core
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The light will enter the core and keep moving until 
arriving at the boundary between the core and cladding, 
as shown in Figure 2.

Normal line of POF in straight position is perpendic-
ular to the boundary. Figure 3 shows the normal line (old 
and new) to form a right triangle. In every triangle, the 
sum of the angular is 1800. When subtracting the value 

Figure 1. Selection of angle in the range of acceptance angle

Figure 2. Light inserted into the core of POF.

angle right angle corner 900 with a value of 16.480, it will 
get the value of the angle of incidence:
900 - 16.480 = 73.520

Next is to determine whether the light with the 
incident angle of 73.520 will be reflected back by the 
core-cladding boundary, or light can penetrate into the 
cladding. In order to determine this, first determine the 
magnitude of the critical angle at the boundary core and 
cladding. Equation 4 can be used to calculate the magni-
tude of the critical angle.
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Due to the angle of incidence greater than , then the 
light will be reflected back by the boundary into the first 
medium (core) as shown in Figure 4.

The incident angle to the plane of the bend is (θcore) 
of 73.520. The bend is considered as a semicircle, with a 
diameter of 2 cm (distance between the cladding to the 
cladding) as shown in Figure 5.

By using a protractor, it can also be obtained angle 
comes from the core to the cladding of the normal line 
is 320. In making the normal line, first draw a tangent. 
Therefore normal lines are no longer in a vertical posi-
tion. That is a nature of a tangent that intersects the circle 

Figure 3. The normal lines are changed due to the bend 
of POF.
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at one point and is perpendicular to the radius of the 
circle.

If the light on a material with a different refractive 
index, there will be two things, the portion of the light is 
reflected and some of the light will be passed to the sec-
ond medium. The magnitude of reflection on the core can 
be calculated using Fresnel Equation (5) and (6)

For one the bend with the angle of incidence (air to the 
core) of 250, then the value of the reflection coefficient per-
pendicular to the image plane (R_) 0.15% and parallel to the 
image plane (R||) is 0.025%. It has also carried out the calcu-
lations for the other angles come from core to cladding; if 
the angle of incidence of core to cladding is getting smaller 
it will result in the reflection coefficient becomes smaller.

3. Methods
Optical fiber used in this study is a plastic optical fiber-type 
SH-4001-1.3. Optical fiber consists of a core, cladding and 
buffer. Core material used is polymethyl-methacrylate 
resin with a diameter of 980 μm and a cladding material 
used is a fluorinated polymer with a diameter of 1000 
μm. The refractive index of core and cladding are 1.49 
and 1.41, respectively21. The sensor is made by stripping 
the POF jacket. The length of POF jackets are stripped of 
4 to 5 cm. One POF can contain 4 to 5 stripped places. 
Stripped part is then coated with copper or aluminum. 
The sensor is formed by bending the fiber section that is 
stripped, without or with layers. Bend diameter is 2 cm. 
Figure 6 shows one sensor designs are studied.

Figure 7 presents the experimental setup in this study. 
Sensors prepared inserted into the glass beaker. He-Ne 
Laser light inserted into the fiber optic. Optical power out-
put of POF detected using Optical Power Meter. Put in a 
beaker of water slowly until the entire sensor is submerged. 
Measurements were taken at each increase in water level.

Figure 4. Reflection of light in the core.

Figure 5. Propagation of light in the bend plane of core to 
cladding of POF.

Figure 6. Experimental setup.
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4. Results and Discussions
Figure 8 shows the difference in power changes to the 
number of bends and the different of length sensing. 
Values shown are the normalized value. Normalization 

Figure 7. POF Sensor design.

Figure 8. Differences in decreased power to the number of bends and the length the 
sensing in sensor without coating.

is done to the highest power value for each variation. 
Four variations of the configuration of the sensor showed 
a decrease in power as a function of the liquid level is 
almost similar. The slopes of the decline in the level of 
fluid which is less than 6 cm in four types of sensors are 
nearly coincident. The slopes of the decline in the level of 
fluid which is less than 6 cm in four types of sensors are 
nearly coincident. At 7 cm fluid level the slope is changed, 
especially for sensors with four bends with a length of 4 
cm sensing. The slope changes quite sharply. Therefore 
sensors with four bends can be a good candidate com-
pared with five bends sensor. 

The characteristics of copper coated sensors are shown 
in Figure 9. In contrast to the sensor without a coating, the 
declines of four configurations do not coincide. For four-
bend sensor, a 5 cm of length sensing decline sharper than 
of 4 cm. Two sensors with five bends have the same slope 
up to 6 cm liquid level. Afterwards the two split. Sensors 
with a length of 5 cm decreased more sharply. From these 
results, the copper coated sensors with four bends and 5 
cm of length sensing is a good candidate as compared to 
other configurations.

Figure 10 displays a decrease in power as a function 
of liquid level of aluminum coated sensor. The slope of 
four sensors configuration are different. Two of five bends 
sensors both coincide since the beginning. However, the 
slope decline in the four-bend sensors separate from the 
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Figure 9. Differences in decreased power to the number of bends and the length the 
sensing in copper coated sensor.

Figure10. Differences in decreased power to the number of bends and the length the 
sensing in aluminum coated sensor.

outset. Sensors four bends with a length of 4 cm sensing 
has a sharper decline than the other configurations. In 
contrast to the four bend sensor with a length of 5 cm 
sensing small sloped or flat.

Which configuration that has good sensitivity and 
high linearity? Figure 11 compares the decreased of power 
due the increase of liquid level for three types of sensors 
with four bends and the length sensing 4 cm. The third 
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Figure 11. Comparison of transmission on fiber optic sensor without 
coating, aluminum and copper coated.

Table 1. The comparison of the linearity of sensors

Type the sensing Sensing without coating Sensing with copper coating Sensing with aluminum coating
4 bends with 4 cm sensing 0.99 ± 0,02 0,99 ± 0,09 0,99 ± 0,02
4 bends with 5 cm  sensing 0,98 ± 0,02 0,99 ± 0,03 0,97 ± 0,02
5 bends with4 cm sensing 0,99 ± 0,08 0,99 ± 0,01 0,99 ± 0,08
5 bends with 5 cm sensing 0,99 ± 0,07 0,99 ± 0,02 0,99 ± 0,01

type of sensor has a linearity which is almost the same as 
shown in Table 1. However, sensors with aluminum coat-
ing showed more steeply decline in the beginning, up to 
the level of 8 cm. After this point all three showed traces 
similarities.

5. Conclusion
The diameter and the number of bends in the POF affect 
the intensity of the output, since the incident angle core 
becomes smaller than the critical angle so that not all of 
the light to be refracted toward the cladding. The coating 
on the cladding affects the intensity of the output of POF 
due to differences in the reflectance of the coating mate-
rial. Best sensitivity is obtained from sensor with 4 bends 
which has a length of 5 cm aluminum coated. 
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