Real-time Liquid Level Measurement using a Plastic
Optical Fiber (POF)

Bakti Dwi Waluyo®, Joni Safrin Rambey?, Ressy Dwitias Sari®
{ bakti_dw@unimed.ac.id*, joni@unimed.ac.id? ressy@unimed.ac.id*}

Department of Electrical Engineering Education, Universitas Negeri Medan, Medan, Indonesia’?
Department of Information Technology and Computer Education, Univeritas Negeri Medan, Medan,
Indonesia®

Abstract. This research presents a low-cost sensor for measuring liquid levels using
plastic optical fibers (POF). The sensor reduces the scattering-based optical losses in the
fiber, which increase linearly with the liquid height. A U-bent fiber probe and
photodetector are used to detect the change in optical intensity. The U-bent probe serves
as a test probe for measuring the liquid level. The voltage response difference of the
photodetector provides liquid level measurement. This study demonstrates the sensor's
responsiveness to liquid level fluctuations above 55 cm at varying temperatures.
Sensitivity levels of 1.4 and 3.3 mV/mm were achieved for water level fluctuations
below and above 45 cm, respectively. Furthermore, the sensor demonstrated consistently
stable responsiveness over multiple cycles.

Keywords: Real-time liquid level measurement, Plastic optical fiber sensor, U-bent fiber
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1 Introduction

Real-time monitoring of water levels is crucial for several industrial processes, including the
chemical industry, which necessitates substantial storage capacity for water, oil, and chemicals
[1]. Most liquid level sensors currently available in the market are mechanical or conventional
[2], ultrasonic [3], or electrical based [4], but their size limitations, noise susceptibility, and
inability to function with conductive liquids that can incite explosions present some
limitations. Therefore, optical sensors are considered a superior alternative. Optical sensors
enhance safety measures, reduce maintenance expenses, minimize mechanical components,
and allow for continuous level measurements. The advancement in optical-based liquid-level
sensors research leads to a refined performance, making them a better fit for liquid-level
monitoring in the chemical sector.

Over the past thirty years, various compact and dependable fiber optic sensor schemes have
been developed. Most of these sensors rely on changes in liquid level caused by alterations in
the refractive index surrounding the sensing element. Examples of fiber optic sensor
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configurations grounded on either wavelength or phase propagation of light encompass fiber
Bragg grating [5], multimode fiber [6], and long-period grating [7]. D-shaped fiber [8], modal
interference using few-mode fiber [7], and polarization-maintaining fiber [9] are sensors that
can only detect liquid levels up to 20 cm, according to the literature. Although these sensors
are highly sensitive, they have limitations, such as requiring precise optical connectors and
expensive photodetection systems. Evanescent wave (EW) fiber optic sensors offer a cost-
effective option for intensity-modulated level sensing. However, certain EW configurations
incorporate delicate silica optical fibers, limiting their use to smaller measurement ranges.

POF or plastic optical fiber sensors have become a viable alternative to silica fiber due to their
lower cost, ease of installation and coupling, and durability [10]. Bent and side polished POFs
have been proposed as discrete sensing elements or helically mounted on a solid support [11].
Other reports have demonstrated the optical coupling between a pair of twisted POFs, which
depends on the liquid medium [12]. Additionally, buffering fiber with micro-holes [13] or V-
grooves [14] has been utilized to measure levels. Most of the sensing schemes mentioned
above have a dynamic range of approximately 50 cm. However, a separate study has
demonstrated that continuous level sensing via POF coupled with LEDs and PIN diodes can
attain a greater dynamic range of 200 cm, albeit with a lower sea sensitivity of 12 mV/m [15].

This study aims to produce a POF sensor with LEDs and photodiodes capable of monitoring
accurate, dependable, and economical water levels. To accomplish this, the sensor must meet
certain criteria, including sensitivity and efficiency. The sensor underwent testing on the water
at a depth exceeding 50 cm within a container.

2 Sensor Design

The plastic optical fiber utilized as the sensing component of the probe extends for a length of
300 cm, and the one as a probe is only 100 cm (see Figure 1). The probe is supported to
maintain its shape and ensure it stays straight. Every 10 cm, the jacket and cladding
components are opened, resulting in 20 sensing segments in the sensor probe. Whenever each
sensing segment comes in contact with water, a voltage will be altered due to the optical
fiber's power loss. The power loss of each exposed probe is measured through a light detector
to determine the correlation between power loss and probe quantity. These 20 sections will
subsequently denote the water level in the testing drum.

Stripping the jacket of a plastic fiber optic cable is accomplished with a custom knife and
placemat tailored to the size of the cable diameter. The cladding is then removed via sanding
using a mesh size of 1200. Test the cable by emitting laser light at one end to ensure complete
cladding removal. If the light is uneven, the cladding layer is not thoroughly cleaned.
Alternatively, the cladding wrapper may be opened using acetone liquid.

_» Openad jacket and fadding

Water level senzor probe

Fig. 1. Plastic fiber optic sensor probe.
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Fig. 2. Displays a U-shaped POF experiment illustrated in a schematic block diagram.

3 Material and Methods

Plastic Optical Fiber (type SK20) with a 0.5mm diameter was obtained from Mitsubishi
Rayon Co., Ltd. The fiber's core comprises polymethylmethacrylate material and the cladding
of fluorinated polymer material, with respective relative refractive indices of 1.49 and 1.41.
Green LEDs and photodetectors (PDs) were procured from Digikey Inc. A data acquisition
system (DAQ) with 16-bit resolution from National Instruments, USA, was utilized for
photodetector acquisition.

The POF probe was formed into a U-shape measuring 3 meters in length. Subsequently, a
plastic container, optoelectronic circuitry, DAQ, and water storage container were employed
(see Figure 2). The plastic container was explicitly designed to accommodate the LED, two
PDs, and POF probe. The circuitry for the LED and PDs operates on a 5-volt voltage source.
This voltage signal is then sent to the DAQ, whereby the signal from the PDs is supervised
with NI-DAQ.

The POF probes were placed in tubular glass containers with a drain valve at the bottom. The
containers have a diameter of 60 cm and a height of 60 cm. A water pump was used to fill the
container with water and adjust the liquid level as required. To prevent the formation of air
bubbles during the test, the hose from the water pump was placed at the bottom of the
container.

4 Results

The study aimed to evaluate the functionality of a fiber optic sensor for real-time monitoring
of liquid level changes at a 55 cm height. The test entailed filling water into a container from 0
cm up to 55 cm at a volume rate of 3 mL/second for 8 minutes, followed by draining at a flow
rate of 2 mL/second for 10 minutes.

Figure 3 displays the sensor response to the water level as plotted using the recorded voltage
during the filling phase. Technical term abbreviations were explained when initially utilized.



The language used was formal, clear, concise, and objective, without biased or emotional
language. It was discovered through the linear fit analysis that the sensitivity of the water level
was 1.4 mV/mm within the 0-45 cm range and 3.3 mV/mm within the 45-55 cm range,
resulting in voltage changes of 0.21 mm and 0.09 mm, respectively.
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Fig. 3. Relationship between Sensor Output Voltage and Liquid Level.
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Fig. 4. displays (a) the relationship between normalized voltage, water level, and temperature variations
at 16°C, 25°C, 40°C, 60°C, and 70°C. (b) Additionally, it illustrates the relationshin between
temperature and sensitivity, which are 1.9, 1.8, 1.4, and 3.6 mV/mm, respectively.

Temperature variations can impact the refractive index of the liquid medium being observed,
affecting the fiber optic sensor's level measurement. Additionally, changes in the liquid
medium’s temperature are expected to modify the refractive index of the optical fiber core,
causing notable differences in both the core's NA and the liquid medium itself. POF can be
utilized at temperatures below 80°C as per [16]. Therefore, we investigated the performance of
POF at temperatures of 16, 25, 40, 60, and 70°C. Figure 4a illustrates the normalized sensor
response during the water filling and draining phase, while Figure 4b compares the sensor's
sensitivity under different water temperatures. The sensitivity gradually decreases as the
temperature increases to 60°C, then abruptly doubles at 70°C. Under these conditions, the
refractive index values of water fell from 1.33 to 1.32, and those of Polymethyl Methacrylate
(PMMA) decreased from 1.49 to 1.487 363, as measured by an Atago PAL1 digital
refractometer.

One limitation of optical sensors is their higher power consumption than sensors that use
electrical sources, which poses a significant challenge, particularly in battery-powered



devices. Therefore, an essential requirement for a level sensor is its ability to precisely
measure the liquid level when activated, unaffected by previous changes. Figure 5 displays the
sensor response during multiple on/off cycles in 30 minutes when the water level is set to 8,
44, and 55 centimeters. The device takes 60 seconds to stabilize after each activation. The
experiment was repeated thrice to test the sensor's stability, and the response was recorded for
12 hours. The evaporation of water in the container caused an error of up to £9mV (0.3% of
the full-scale value of 3 V).
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Fig. 5. Sensor response to changes in water levels was observed over four hours, during which the sensor
was activated for 30 minutes, followed by a 30-minute deactivation period.

Fig. 6. displays the AFM images of (a) decladded POF and (b) bare POF.

5 Discussion and Conclusions

This research investigates the rise in optical power coupling at the photodiode in a water-level
sensor based on polymer optical fiber (POF) as the liquid level rises. Technical abbreviations
are explained at their first usage. A short POF was placed over a glass capillary and
illuminated with a green light to study this phenomenon. Proper citation and formatting
features were strictly adhered to while removing filler words. The results demonstrate a
significant decrease in scattered light when the glass capillary is filled with water. This study
contributes to the comprehension of optical phenomena in POF-based sensors for water level
measurement, thereby aiding the development of more advanced sensor technologies.



This study aims to characterize the surface of POF that has been declassified and coated. Our
observations using atomic force microscopy (AFM) indicate a sleeve roughness of
approximately 80 nm on the declassified POF surface, whereas the bare POF surface is
smooth (refer to Figure 6). This suggests that defects are present, which may cause light
scattering on the uncoated fiber surface. Accordingly, we propose that the optical loss in POF-
based sensors is due to light scattering. Previous research has explored POF-based refractive
index (RI) sensors that utilize the phenomenon of reflected energy (EWA) with minimal light
scattering. However, this study demonstrates that longer POF declassification times lead to
increased scattering losses, which may arise from diverse declassification conditions.

The study observed an enhancement in sensitivity and range by 10-fold and 1.5-fold
correspondingly. Despite the sensor's high-resolution capacity, a fiber optic level sensor with a
straightforward and decoupled POF configuration is recommended for its ease and
expediency. The proposed sensor's effective optical interaction with the fiber optic's surface
and suitable optical power at the PD results in a superior signal-to-noise ratio. Optical
intensity loss measurements are conducted using affordable LEDs and two photodetectors.
The sensor provides an advantage in increased dynamic range for level measurement by
selecting a larger diameter. Dynamic ranges of commercially available POFs up to 2.5 mm in
diameter can be increased up to 5 times. These POF-level sensors can serve as sensitive point
sensors using reference probes. The sensor suits various applications, including water and
petroleum storage tanks.
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