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The two-tier detection of liquid level using two fiber bundles as sensor has been successfully demon-
strated. Each fiber bundle is paired with a reflector displacement device (RDD) to detect liquid level in
accordance with its detection area. Based on displacement sensor, the working principle of system is by
utilizing hydrostatic pressure to shift the reflector attached to the membrane. Detection of liquid level
is done through changes of reflected light intensity from the reflector that goes into each sensor probe.
The results show that the sensor can be applied to the front slope or back slope area. Working area and
resolution of sensors working on the front slope area are 0-130cm and 1cm, meanwhile for the back
slope area are 0-50 cm and 0.1 cm.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Optical devices based on optical fiber have been widely devel-
oped to detect liquid level. These devices including fiber Bragg
gratings [1-3], photonic crystal fiber [4], fiber bundle [5,6], and
fiber coupler [7,10,11]. The working principle of fiber Bragg grat-
ing and photonic crystal fiber is based on wavelength modulation
in detecting liquid level. Meanwhile, the working principle of fiber
optic, fiber coupler, and fiber bundle is based on the modulation of
intensity.

Detection of liquid level based on intensity modulation has been
done using fiber bundles coupled with transparent materials in the
shape of conical [5] and prism [6] as sensor probes. The detec-
tion principle is based on changes in the reflected light intensity
from the probe when interacting with the liquid. The change in the
light intensity is then detected by fiber receiver of fiber bundle.
A similar system has also been developed using fiber couplers as
transmitters as well as receptors of reflected light in a prism [7].
In the application, the detection mechanism of these three systems
is conducted indirectly, that is by moving the probe to search for
liquid-air or vapor interface, meaning the probe is functioned as a
switch. Another configuration is to polish the edge of an optical fiber
and curved like a U-shaped letter. The change in the guided light
intensity in optical fibers occurs when U-shaped interacts with the
liquid. Along the optical fiber used, multiple U-shaped are placed

* Corresponding author.
E-mail address: samian@fst.unair.ac.id ( Samian).

https://doi.org/10.1016/j.sna.2018.08.032
0924-4247/© 2018 Elsevier B.V. All rights reserved.

over a range of distance. This means that altitude detection is not
continuous and U-shaped functions as a multi-tier switch [8].

Based on displacement sensor using fiber coupler [9], direct
and continuous liquid level detection has been performed using
an output port of fiber coupler as a probe sensor [10]. The detec-
tion mechanism utilizes hydrostatic pressure to shift the reflecting
reflector on the membrane. The reflector shift is observed from
change in the reflected light intensity of the reflector entering an
output port of the fiber coupler. The working area of the sensor
increases to almost twice when two output ports of fiber coupler
are used as probe sensor [11]. The detection mechanism is per-
formed by two probe sensors in stages according to the working
area.

Using the same method with the use of two outputs port of
fiber coupler in detecting liquid level, in this paper, the use of two
fiber bundles as probe sensors to detect liquid level will be demon-
strated. Experimental results show that the sensor can be applied
to two different areas (front slope and back slope area) with differ-
ent characteristics. Compared to the use of two output ports of fiber
coupler, the sensor range and work area are increased for applica-
tion in the front slope area. For applications in the back slope area,
a sensor with better resolution is obtained.

2. Sensors design and operating principle

The design of liquid level sensor using two fiber bundles (two-
tier sensor)is shownin Fig. 1(a). Two lasers used as a light source for
transmitter fiber (TF) on each fiber bundle. Receiver fiber (RF) of the
both fiber bundles that serves as light receiver connected directly
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Fig. 1. (a) Design of two-tier sensor and (b) RDD.

to an optical detector. There are two reflector displacement device
(RDD) on the tank wall. RDD consists of reflector (plate) which are
glued on membrane as showninFig. 1(b). Reflector on RDD will shift
(z) when hydrostatic pressure (P,) changes due to changes in the
liquid level (h). Sensor 1 is built from probe 1 coupled with RDD
1 face-to-face and placed in the bottom of the tank. Meanwhile,
sensor 2 is built from Probe 2 coupled with RDD 2 and placed in the
level of hy above sensor 1 position. The distance between the probe
and RDD reflector on sensor 1 and sensor 2 when tank in a state of
empty each denoted with zg; and zg,.

The working principle of two-tier sensor is as follow, sensor 1
detects the liquid level in the hy area and sensor 2 detect the lig-
uid level in the h; area. Sensor 1 detects liquid level through the
displacement of the RDD 1 reflector (z;) due to the change in lig-
uid level in the h; area. The shift of RDD 1 reflector will result in a
change in the reflected light intensity from the reflector entering
FR 1 and can be read through the optical detector’s output voltage
value (V). In the same way, sensor 2 works to detect the liquid level
in the h, area. The shift in RDD 1 reflector is limited by using the
barrier so that when the water level exceeds hy, the reflector does
not shift. That is, when liquid level exceeds hy, the light intensity
entering FR1 will be constant. On the other hand, when the liquid
level does not go beyond hq, the RRD 2 reflector will not shift as
there is no change in hydrostatic pressure resulting in the intensity
of light entering FR 2 is constant. Thus, the detection of liquid level
from the bottom of the tank to the height of h is performed alter-
nately by sensor 1 and sensor 2. If the level of RDD 2 is lower than hy,
then there is an area where liquid level is detected simultaneously
by sensor 1 and sensor 2.

3. Experiment, result and discussion

The experimental schematic diagram is shown in Fig. 2. The
experimental set-up consists of two semiconductor lasers (with
630 nm wavelength and 10 mW of power output), silicon photode-
tector (PDA 100), two fiber bundles (type a pair bundled probe of
plastic material with diameter of 1 mm and length of 2 m) serves as
a sensor probe (a plastic barrier was given to the end of one of sen-
sor probes to resist reflector shifts), voltmeter (digital multimeter),
xyz translation stage was used to shift sensor probe, manual water
pump used to pump water into the tank, cylindrical scaled water
tank which is made of glass (with diameter of 6 cm and length of
200cm), and two reflector displacement devices (RDD 1 and RDD
2).Inthe bottom of the water tank, there are a faucet used to remove
the liquid. Both of RDDs used in this experiment consist of reflector

which is made of aluminum (with diameter of 10 mm and thick-
ness of 0.20 mm), a membrane (nitrile polymer) with thickness of
0.08 (the elastic modulus is unknown), and cylindrical membrane
holder which is made of brass with outer and inner diameter of
18 mm and 15 mm. Reflector is attached to membrane using epoxy
glue and membrane itself behaves like a spring. In this experiment,
the liquid used is water.

The first experiment is to characterize shift of probe 1 against
reflector RDD 1. Data retrieval was conducted by placing probe 1
in the middle and coinciding with the RDD 1 at the bottom of the
tank as shown in Fig. 2. In this process, the tank is empty and the
pair of probe 2 and RDD 2 is not installed yet. The recording of
the detector’s output voltage is carried out each probe 1 is shifted
backward by 100 p.m. xyz translation stage was used to shift the
probe. The probe was shifted until detector’s output voltage does
not change significantly. The data were collected three times. The
same procedure was conducted for the pair of probe 2 and RDD 2.

The results of first experiment are shown in Fig. 3. The character-
ization results show that the two reflectors are relatively identical.
The difference in the value of peak voltage occurs because the hand-
made RDD is not identical.

The second experiment was carried out to find out the char-
acter of the liquid level sensor using a probe (one-tier sensor) for
emptying and filling of the tank. The experiment was performed by
placing sensor 1 (pair of probe 1 and RDD 1) on the hole at the bot-
tom of the tank. Meanwhile, the second hole located above the first
hole at the bottom of the tank is closed and sensor 2 is not activated.
After sensor 1 is installed, the tank is filled with water as high as
150 cm and placing the probe 1 coincided with the RDD reflector 1.
The maximum level of 150 cm is selected taking into account the
maximum capability of the RDD membrane in resisting the water
pressure. The sensor characterization for emptying the tank is car-
ried out by record the optical detector output voltage when the
water level is lowered by 1 cm. After the tank is empty, characteri-
zation is performed for the tank filling process. The process is done
by filling the tank with water using the pump and record the opti-
cal detector output voltage when the water level is raised by 1 cm.
The recording is performed until the maximum level of water in the
tank is the same as during the emptying process. Data collection for
tank filling and emptying process is done three times. In the second
experiment, we also measured the distance between probe 1 and
reflector RDD 1 when thank is empty (zg7 ). The same procedure is
performed for sensor 2 (pair of probes 2 - RDD 2).

The second experimental results are shown through the rela-
tion between the detector’s output voltage (V) and liquid level (h)
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Fig. 3. Characterization results of probe shift against RDD reflector.

¥E:ll£ieq]uid level range that produce front slope and back slope areas.
Area Liquid level range (cm)
Sensor 1 Sensor 2
emptying filling emptying filling
Front slope 0-120 0-130 0-121 0-132
Back slope 120-150 130-150 121-150 132-150

graphinFig. 4 with the largest measurement error values are 0.9 mV
(0.7%) and 1mV (0.7%) for sensor 1 and sensor 2. The zg; and zg;
values are of the same magnitude of 7.7 mm. As in previous stud-
ies [10,11], the use of membranes as a sensor component causes
the sensor output characteristics to produce hysteresis. The nature
of the membrane relaxation after the pressure is the cause of the
hysteresis. From Fig. 4, it appears that the dynamic range of sensor
has two slopes, the front slope and the back slope in the liquid level
range as shown in Table 1.

The presence of front slopes and back slopes in a dynamic range
sensor causes the same output voltage value for two different
points of liquid level. Therefore, it must be separated between the
use of front slope and back slope area. The use of each of these
areas can be done by limiting the maximum liquid level range of
the detected liquid. The maximum liquid level range detected using
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Fig. 4. Dynamic range of one-tier sensor for (a) sensor 1 and (b) sensor 2.

the front slope area is as shown in Table 1 with zy; and zg, values
of 7.7 mm. For the back slope area, the maximum liquid level range
is the same as front slope but with different zy; and zg; values. To
determine the sensor range that is expected to produce the back
slope area only a third experiment is done. In this experiment, the
maximum liquid level detected about 30 cm starts from level of
0 cm. At the maximum of the liquid level, the sensor probe is placed
close to the RDD reflector. Characterization is performed for emp-
tying and filling of the tank for sensors 1 and sensor 2 such as the
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Fig. 5. Result of characterization of liquid level sensor which only produce back
slope area.

previous process. Fig. 5 shows the mean values for the third exper-
imental results with the largest measurement error being equal
to 0.7 mV (0.6%) for sensor 1 and sensor 2. The measured zy; and
Zgy values of 1.44mm and 1.37 mm respectively for sensor 1 and
sensor 2. For that, we conducted a third experiment, the character-
ization of sensor height for the area that was supposed to produce
the back slope area only. In this experiment, the maximum liquid
height detected about 30 cm starts from a height of 0 cm. At the
maximum height of the liquid, the sensor probe is placed close to
the RDD reflector. Characterization is performed for the discharge
and filling of the tank for sensors 1 and sensor 2 such as the previous
process. The third experimental result, the average value shown by
the graph in Fig. 5 with the largest measurement error is equal to
0.7mV (0.6%) for sensor 1 and sensor 2. The measured zy; and zg;
values are 1.44 mm and 1.37 mm respectively for the sensor 1 and
sensor 2.

The hysteresis of the third experiment differs from the second
experiment for the back slope area. If the hysteresis output (OH)
parameter is used, i.e. half of the difference in the detector’s out-
put voltage at the emptying and filling process for the same liquid
level as the differentiator, the maximum output values of hystere-
sis (MOH) are 11 mV and 8 mV for sensor 1 and sensor 2. For the
second experimental back slope area, measured MOH values for
sensor 1 and sensor 2 are 67.5 mV and 65 mV respectively. The dif-
ference in MOH values in the second and third experiments for
the back slope area shows that OH is influenced by the maximum
hydrostatic pressure experienced by the membrane.

The front slope area of the sensor uses the data taken from the
graph in Fig. 4. While the back slope area of the sensor uses the
data taken from the graph in Fig. 5. Sensor range for the front slope
area is taken from a level of 0 cm to the liquid level that produces
peak voltage. The working area of the sensor (linear region) for the
use of the front slope and back slope area is shown by graph in
Figs. 6 and 7. The Detector’s output voltage (V) is linear to liquid
level (h) with linearity more than 99% for the front slope and back
slope area. The value of the linear region slope is the sensitivity
value of the sensor.

The fourth experiment is the sensor stability test. The sensor
stability test is performed by measuring the output voltage of the
detector within a span of 30s for 720s. The stability test is carried
out in the linear region which is divided into six points of liquid
level for the front slope area and four points for the back slope
area. The result of the sensor stability test is the standard deviation
value (AV) for the front slope area and the back slope of sensor 1
and sensor 2. For the front slope area, the largest AV for sensor 1
and sensor 2 are the same value of 0.7 mV. While for the back slope
area, the largest value of AVare 0.6 mV and 0.7 mV respectively for
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sensor 1 and sensor 2. From the largest AV value and sensor sensi-
tivity value, the sensor resolution value can be obtained. From the
data obtained, one-tier sensor characteristics are shown in Table 2.
Table 2 shows that the use of the front slope area has a larger sensor
range and linear region, but the resolution is no better than the use
of the back slope area.

Sensitivity values for sensors 1 and sensor 2 using front slope
area in the emptying and filling process are relatively similar. The
same thing happens for the back slope area. It means that RDD
1 and RDD 2 have similar characteristics. Thus, the sensor 1 and
sensor 2 can serve as components for two-tier sensor using both
front slope and back slope area. The fifth experiment is performed
to study liquid level detection by two-tier sensor using front slope
and back slope area. This experiment aims to improve the sensor
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Table 2
Characteristics of one-tier sensor.

Parameter front slope area back slope area
Sensor 1 Sensor 2 Sensor 1 Sensor 2
emptying filling emptying filling emptying filling emptying filling
Sensor range (cm) 0-120 0-130 0-121 0-132 0-30 0-30 0-25 0-25
Linear region (cm) 0-60 0-60 0-60 0-60 9-27 10-29 5-22 4-24
Sensitivity (mV/cm) 0.98 0.68 0.86 0.56 111 10.7 113 104
Resolution (cm) 1 1 1 1 0.1 0.1 0.1 0.1
210 600
190 ¥
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190 Fig.9. Graph ofliquid level detection by two-tier sensor using back slope area along
with linear region.
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Fig. 8. (a) Sensor range and (b) linear region graph of liquid level detection by two-
tier sensor using front slope area.

working area. Experimental set-up for this experiment is shown in
Fig. 2. To study the front slope area, sensor 1 is placed at the bottom
of the tank and sensor 2 on top of it. The distance between sensor
1 and sensor 2 (hq) is 70 cm with zg; and zp; value made equal to
8 mm. The maximum liquid level (h) is 160 cm. These parameters
exceed the parameters of sensor 1 and sensor 2 which is selected
to maximize the working area and sensor range. The reflector shift
in RDD 1 is made constant by installing a barrier on probe 1 when
the liquid level exceeds 70 cm. To study the back slope area, Sensor
1is placed at the base of the tank while the sensor 2 is placed 25 cm
above the sensor 1 (hy). The positions of zg; and zy; are 1.44 mm
and 1.37 mm and maximum liquid level (h) is 50 cm. Thus, if the
liquid level is in the range of 25-30 cm, then the detection is done
simultaneously by sensor 1 and sensor 2. The data collection for
the emptying and filling process is done three times for both case
of front slope and back slope area.

The result of the liquid level detection by two-tier sensor using
the front slope area along with its linear region is shown in Fig. 8.
The largest measurement error is 0.9 mV (0.6%) with MOH value of
4.3 mV. The resulting linear region range is 0-130 cm. Fig. 9 shows
the result of the liquid level detection by two-tier sensor using the

back slope area along with its linear region. The largest measure-
ment error is 0.7 mV (0.5%) and MOH value is 12.5 mV. The resulting
linear region is the same as the sensor range. The value of the linear
slope in Figs. 8 and 9, is the sensitivity value of each sensor.

The sixth experiment is a two-tier sensor stability test. the pro-
cedure is the same as the one-tier sensor stability test. The two-tier
sensor stability test results using either the front slope or back slope
area are shown in Fig. 10. From the sensor stability test, AV for
the two-tier sensor using the front slope and back slope areas are
0.7mV and 1.1 mV. From the value of AV and the sensitivity of the
sensor, the sensor resolution can be obtained.

From the data obtained, the characteristics of the two-tier sen-
sor using front slope and back slope area are summarized in Table 3.
Data in Tables 2 and 3 indicate that the working area range of two-
tier sensor using either front slope or back slope area increased
more than twice working area range of one-tier sensor. For a two-
tier sensor, the working area on the front slope area is 2.6 times
the value of the sensor working area using the back slope area. On
the other hand, the two-tier sensor using the back slope area has a
resolution value 10 times better than using the front slope area.

Comparison of liquid-sensor performance using fiber optic (FBG,
PCF, fiber coupler, and fiber bundle) with direct detection mecha-
nism, is shown in Table 4. From the data presented, it is known that
the proposed sensor has an advantage in the working area (linear
region) for front slope area and resolution for back slope area. The
membrane (nitrile polymer) as the RDD component in this exper-
iment has also been used to detect gasoline level [10,11]. That is,
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Table 4
The comparison of performance between optical level sensors.
No. method Sensor range Linear region Resolution Ref.
(m) (m) (cm)
1. Fiber Bragg Grating 0.36 0.36 6 [1]
2. Tapered chirped fiber grating 0.05 0.05 - [2]
3. Long-period Fiber Bragg Grating 1 - 10 [3]
4. Fiber interferometer using PCF 0.05 0.05 0.5 [4]
5. Plastic optical fiber polished 2.7 - 34 [8]
6. One output port fiber coupler 1.8 0.4 0.6 [10]
7. Two output port fiber couplers 1 0.7 0.4 [11]
8. One fiber bundle (our paper) 1.25 0.6 1 -
Front slope area 0.3 0.18 0.1
Back slope area
9. Two fiber bundles (our paper) 1.6 13 1 -
Front slope area 0.5 0.5 0.1
Back slope area
our proposed sensor can be applied to detect other liquids other References

than the water. This may be done as long as the detected liquid
is not detrimental to the elastic properties of the membrane. As is
known, density of liquid will affect the magnitude of pressure pro-
duced at a certain level. With the sensor working mechanism based
on the reflector displacement due to change in of the liquid level
(hydrostatic pressure changes), thus the sensitivity of the sensor is
influenced by the density of the detected liquid.

4. Conclusions

The liquid level can be detected in stages using two fiber bundles
and two relatively identical RDDs. Each fiber bundle is paired with
an RDD to form two sensors that work to detect liquid level in stages
(two-tiers) according to the detection area. Detection of liquid level
can use front slope or back slope area. The working area on the
sensor using front slope area is twice more than the sensor using
back slope area, while the resolution on the sensor using back slope
area is ten times better than the sensor using the front slope area.
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