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Recent interest in water level detection is driven by the need for accurate
monitoring in sectors such as agriculture, flood management, and
environmental conservation. The measuring of liquid levels and solution
concentrations is critical in a variety of industrial sectors. This research is to
design, implement, and test the use of plastic optical fiber (POF) as an
optical sensor for sensing multi-point liquid levels and densities. The
developed device includes a multi-point liquid level sensor that uses
refractive index modification of macro bend POFs selectively twisted around
a cylindrical column. When the POFs were submerged in various mediums
such as pure water, seawater, saltwater, and cooking oil, a set of U-shaped
detecting heads was designed to detect changes in liquid levels. The
experimental setup included an 850 nm optical light source and a power
meter to measure the output power. A comparison of the performance of

Twisted straight, bent, and twisted POF forms revealed that the twisted and bent POF
topologies attained a sensitivity of 30%, exceeding bending-only 21% and
twisting-only 12% configurations. In summary, changes in liquid levels
resulted in an increase in output power for all liquid media, highlighting the
potential of POF as a reliable sensor for sensing liquid levels.
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1. INTRODUCTION

Fiber optic technology is the primary mode of data transmission in the telecommunications industry,
utilizing a simple process of converting electrical signals into light, transmitting them via optical fibers to a
distant receiver, and then converting them back into their original electrical form. The capacity to transfer
signals across long distances without requiring amplification is a significant advantage. It also alleviates
concerns about interference from surrounding electrical fields. Beyond its predominant role in
communication, fiber optics find application as sensors to gauge an array of parameters such as humidity,
temperature, concentration, and water levels.

Over the past few decades, the advancement of fiber optic sensor (FOS) technology has led to the
creation of sensors for temperature, humidity, and strain. These FOS have exhibited heightened capabilities,
enabling them to supplant conventional sensors in a wide spectrum of applications. These applications
encompass measurements related to vibration, acoustics, magnetic and electric fields, rotation, acceleration,
pressure, temperature, linear and angular position, strain, humidity, viscosity, and chemical properties [1].
Notably, due to their dielectric qualities, these sensors can withstand extremely high voltages, high
temperatures, and harsh environmental conditions.
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High-performance sensor technology, defined by features such as elevated accuracy, reasonable
cost, compact dimensions, durability, and operational ease, is critical for an effective, and trustworthy
monitoring system. These characteristics are completely met by FOS technology. Optical fibers serve two
functions in this technology, acting as intrinsic sensors, which is the sensing element or to convey signals
from remote sensors to electronic devices for subsequent signal processing in extrinsic sensors. This dual
capability highlights FOS technology's versatility and adaptability, firmly positioning it as a crucial
component inside the modern sensor technology landscape.

Liquid level measurement plays a pivotal role in ecological and engineering research, particularly
when dealing with the detection of easily conductive and flammable substances. Recent interest in water
level detection is driven by the need for accurate monitoring in various sectors like agriculture, flood
management, and environmental conservation [2]-[5]. Reliable water level sensors help manage resources,
prevent disasters, and ensure efficient operations. The fundamental technology can be applied in smart
irrigation systems, dam monitoring, and early flood warning systems, providing critical data to protect assets
and the environment. Optical fiber-based liquid level sensors have gained significant attention and adoption
in this domain due to their exceptional attributes, including resistance to electromagnetic interference,
compact dimensions, low weight, robustness in harsh environment, and high measurement precision [6]-[13].
Various iterations of optical fiber liquid level sensors, such as those built on fiber Bragg gratings (FBG),
long-period fiber gratings (LPFG), and fiber Fabry Perot interferometric (FPI) sensing, have been extensively
developed and deployed. It is essential to note that the manufacturing of these sensors involves intricate and
costly techniques, such as photoengraving, cutting, and bonding. For example, the production of fiber FPI
sensors necessitates the delicate processing of micro-membranes at the fiber ends, involving tasks like
polishing and film coating, which are notably complex.

A significant milestone in FOS technology occurred with the introduction of plastic of fiber (POF)
which offers a reliable and cost-effective solution. POF sensors are sensitive, lightweight, and resistant to
electromagnetic interference, making them ideal for detecting water levels in challenging environments
[14]-[16]. In 1966, the first POF was introduced, using polymethyl methacrylate (PMMA) as its primary raw
material, paving the way for subsequent innovations [17]. POFs are categorized based on their refractive
index (RI) distribution, which can be either step index (SI) or graded index (GI), and their mode of
propagation, which can be single-mode or multi-mode. SI multi-mode POFs are commonly employed in
commercial applications due to their cost-effectiveness and ease of fabrication. However, they are associated
with higher loss and multi-mode dispersion, limiting their transmission distances. In contrast, GI multi-mode
POFs, characterized by a gradual RI reduction from core to cladding, mitigate intermode dispersion, enhance
POF bandwidth, and extend transmission distances. The flexibility of optical fibers allows for the
customization of POFs to meet a wide array of application requirements.

Currently, the prevailing technology for liquid level sensing in POF systems primarily relies on
intensity or wavelength modulation. The estimation of liquid levels hinges on variations in optical loss
resulting from changes in coupling conditions, absorption characteristics, and the presence of evanescent
fields within the POF, particularly with a focus on intensity modulation. In optical fibers, the primary mode
of light transmission is total internal reflection (TIR). According to Maxwell's equations, materials with low
RI coatings retain residual energy in the form of an electromagnetic wave (EW) called an evanescent wave,
which rapidly diminishes. In low RI media, this evanescent wave undergoes exponential decay upon
traversing the reflective interface [18]. A comprehensive understanding of these principles forms the
foundation for accurate liquid level measurements in POF systems, underscoring the pivotal role of FOS
technology in contemporary sensor applications.

Conventional liquid level sensors available in the market predominantly rely on mechanical,
ultrasonic, and electrical techniques [19]-[23]. These sensors often exhibit limitations, including being
confined to point measurements, susceptibility to interference, large dimensions, or unsuitability for
applications involving conductive liquids or potentially explosive environments. Recent developments have
witnessed a surge of interest in technology based on macro-bending coupling of optical fibers for liquid level
sensing. This approach offers advantages in terms of simplicity in construction, a wide measurement range,
and impressive resolution [24]-[29]. Researchers have introduced liquid level sensors characterized by
correlation and spiral structures, providing a measurement range of at least 0.9 meters and a resolution
exceeding 10 millimeters. However, these sensors encounter challenges due to stringent processing
requirements and low signal-to-noise ratio (SNR), which affect their measurement range and resolution [30].
A fiber optic bending sensor was introduced for water level monitoring, offering a measurement range
exceeding 10 meters. Nonetheless, the associated processing techniques necessitate relatively high standards,
resulting in substantial construction costs for the testing system [31]. Additionally, a liquid level detection
method based on an optical fiber twisted macro-bend coupling system was proposed, but further research is
essential to address aspects such as linear behavior and thermal effects [32], [33].
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In this study, we embark on the endeavor of designing an experimental setup tailored for multipoint
liquid level detection using bent and twisted POFs. The research aims to analyze the impact of bent and
twisted POF configurations on multi-level liquid detection. Three distinct experimental setups were set. POFs
with varied lengths ranging from 30 cm to 130 cm and diverse shapes were used in each experiment. As the
principal light source, an optical light source with a wavelength of 850 nm was used. An optical power meter
was also used to measure the output power. The experiment included the use of four different liquid mediums
namely distilled water, seawater, salt water, and cooking oil. The major criteria under consideration were the
liquid level and liquid density, as determined by changes in output power.

2. METHOD

In the first experimental setup, four single-point sensors with different POF formations were used to
observe their performance. For the second experiment, the setup has single and twisted POFs that are twined
and bent around a cylinder structure with a screw pitch of 4 cm. These POF form five U-shaped bends acting
as sensing heads. The curvature radius of the macro bend section is 3.5 cm. In the third experiment, another
setup is implemented where POFs, both single and twisted are placed in a straight line on the red cardboard.
To enable comparison between experiments, POF sensors were placed in different containers. When the
environment around the sensor head changes from air to liquid, the sensing point gets direct contact with the
liquid. Hence, modulates the transmitted light energy based on the refractive index of the liquid. As a result,
the light intensity at the sensing point varies with changes in the liquid medium.

It is imperative to remove the cladding of the POF to instigate fiber sensitivity for RI analysis.
Ethanol is commonly utilized to strip a portion of the fiber plastic coating, rendering it more sensitive and
augmenting the power of the evanescent wave within the POF cladding. However, the pursuit of chemical
etching methods was discontinued due to the potential risk of damaging the fibers through bending and
twisting. Consequently, this project opted for an alternative approach, employing sandpaper to achieve the
desired effect. The POF was segmented into three distinct lengths which are 30 cm for single-point analysis,
110 cm and 130 cm for multipoint analysis utilizing a precision cutter. The process involved the meticulous
removal of the fiber's outer protective layer, exposing the POF core, and subsequent tapering to achieve the
desired diameter of 0.95 mm. The POF diameter was accurately measured using a digital micrometer.

Four distinct liquid compositions were meticulously prepared for this study, comprising of distilled
water, salt water, seawater, and cooking oil. Each liquid variant possesses unique characteristics that can be
accurately quantified employing a refractometer, an instrumental tool for assessing refractive indices. Table 1
provides a detailed record of refractometer readings, denoting the RI determined for the specified liquids.

Table 1. Refractive index for different medium
Liquid medium  Refractive index

Distilled water 1.3323
Saltwater 1.3399
Seawater 1.3374
Cooking oil 1.4647

2.1. Experimental setup

This research focuses on three separate experimental configurations. Experiment 1 with a
single-point POF whereas experiments 2 and 3 with multi-point POF as shown in Figure 1. Figure 1(a) shows
a cylindrical structure whereas, Figure 1(b) depicted a straight line with U bending for the POF.

Figure 1. Multipoint POF; (2) cylindrical structure and (b) straight line
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An optical light source with a wavelength of 850 nm was used in all experimental setups. This
wavelength was chosen because of its established usefulness for POF applications. An optical power meter
(RY-3200A) was used to measure optical output power. This power meter is specifically intended to measure
optical signal power accurately, providing precise readings of the power output from the POF sensor. The
POF, the light source, and the output power meter were all connected via a physical medium attachment
(PMA) 650 connector. This connector must be carefully fitted and securely positioned in order to optimize
performance and provide accurate results.

3. RESULTS AND DISCUSSION

The output obtained is the observation of single points and multiple points under several straight,
twisted, bent, and twisted formations. All of these configurations have been compared for several liquid
mediums including sea water, distilled water, salt water, and oil. The results from single point POF and multi
point POF are observed and tabulated in the table and graph.

3.1. Single point in different formation

The performance of single point POF was evaluated using four different fiber formations namely
single straight (SS), twisted straight (TS), single bent (SB), and twisted bent (TB) POF. The investigation
used various liquid solutions including distiller water, seawater, saltwater, and oil to determine the impact of
these various form on POF sensor output power. In this experiment, a 30 cm long POF was used, with a
specific uncoated portion specified as the sensing point for liquid detection. The experimental data, which are
recorded and summarized in Table 2, provide a complete output power in dBm differentiating measurements
for air and liquid medium during the initial experiment.

Table 2. Output power in dBm for air and liquid medium at various configurations
Distilled water (dBm)  Sea water (dBm)  Salt water (dBm)  Qil (dBm)

SS 1.03 1.34 1.55 241
TS 114 1.43 1.61 2.53
SB 121 1.41 1.62 2.62
B 1.31 1.5 1.68 271

Based on the data, a graphical representation was created to evaluate the performance of the POF
sensor across various fiber forms. This graphical analysis aided in the discovery of formations with high
sensitivity, revealing optimal configurations. The graph specifically revealed that the twisted bend POF
formation had greater sensitivity as compared to other configurations, confirming its enhanced ability to
detect changes in liquid level and density. Furthermore, among the liquid mediums tested, cooking oil had
the highest sensitivity, demonstrating the POF sensor ability to detect and measure liquids with high
refractive indices. The larger the liquid refractive index the more significant the contrast with the air and in
turn the more sensitive the mode coupling is to the liquid or air interface, which finally leads to a higher
sensitivity to liquid level monitoring.

Figure 2 depicts the POF sensor performance across several forms in detail. Notably, oil
distinguished itself significantly from water and saltwater among the four mediums studied. The investigation
found that twisted and bending structures produced the maximum gain difference of 2.71 dB, exceeding the
reference value of 2.41 dB and indicating a 30% increase in sensitivity. This was followed by only 21%
bending and 12% twisting.
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Figure 2. Comparison of different formation
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3.2. Multipoint sensor in cylindrical structure

To develop a multipoint sensor within a cylindrical framework, two experimental setups were
implemented, each utilizing a single straight and twisted POF. The recorded and collated results include
extensive data on output power measured in dBm, obtained across a range of liquid levels and liquid
compositions. This dataset was then graphically presented. Figures 3(a) and (b) depicted the dBm output
power for multipoint SB and multipoint TB POF respectively. Clearly, an increase in liquid level corresponds
directly to an increase in output power, highlighting an obvious and direct relationship between liquid level
and sensor output power. Furthermore, different liquid media exhibit various gains, indicating a nuanced
sensor response contingent upon the specific liquid medium employed.
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Figure 3. Output power for multipoint; (a) SB and (b) TB

3.3. Comparison multipoint plastic optical fiber cylindrical structure

Figure 4 shows a graph that compares the performance of SB and TB POF. Because of their
significant differences in gain output power, the comparison focuses primarily on two separate liquid
mediums, distilled water and oil. The graphical representation clearly shows that the TB POF configuration
has more sensitivity than the SB POF, as evidenced by the gain output power values for both distilled water
and oil.
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Figure 4. Comparison multipoint SB and TB POF in cylindrical structure for water and oil
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3.4. Multipoint sensor in straight structure

To create a multipoint sensor arrangement in a linear shape, two experimental configurations were
used, each utilizing a SS and TS POF. The data were painstakingly documented and summarized, including
exact measurements of output power in dBm corresponding to various liquid levels and liquid compositions.
This entire dataset was then displayed in Figure 5. Figures 5(a) and (b) vividly depict the output power for
the multipoint SS and multipoint TS POF respectively. The graphical analysis clearly shows a constant
connection, illustrating that an increase in liquid level corresponds proportionally to an increase in output
power, demonstrating a direct relationship between liquid level and sensor output power.
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Figure 5. Output power for multipoint; (a) SS and (b) TS POF

3.5. Comparison multipoint twisted plastic optical fiber in straight and bending structure

Figure 6 depicts a graph that compares straight and bending configurations of multipoint twisted
POF. The primary focus of this comparison is on two distinct liquid mediums with significant sensitivity,
distilled water and oil, which differ significantly in gain output power. The graphical representation clearly
shows that the TB POF arrangement has higher sensitivity for both distilled water and oil than the TS
configuration, as indicated by the gain output power differential.
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Figure 6. Comparison multipoint twisted POF in straight and bending structure

4. CONCLUSION

In conclusion, the objective of this project, which is to design and implement a simple, low-cost
optical sensor based on tapered and macro bent twisted POF for liquid level and density detection, was
successfully achieved. The performance of the sensor was evaluated using four different liquid mediums with
different concentrations. The experimental results manage to show a consistent trend. As the concentration of
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the liquid medium increases, corresponding to a higher RI, the output power also increases. This observation
is consistent with the basic principle that a sensing point in direct contact with a liquid modulates the
transmitted light energy based on the RI of the liquid. As a result, the light intensity at the sensing point
varies with changes in the liquid medium. Throughout the experiments, the different formation of POF has a
significant impact on the sensor’s performance. The analysis shows that the multipoint twisted and bending
POF can produce higher sensitivity than single point POF without bending and twisted. The observation and
analysis show that the twisted and bending POF can produce higher sensitivity of 30% compared to 21% for
bending only and 12% for twisted only than single POF without twisting and bending. High sensitivity macro
and micro bending sensors can be highly sensitive to changes in liquid level since the bending causes
variation in the light. This project has contributed valuable insights into the use of twisted POFs for enhanced
liquid level sensing capabilities.
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