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Detection of rhodamine B concentration in distilled water can be conducted without direct contact between the sensor probe and
the sample using fiber bundle as a sensor probe and concave mirror as a sample container. (e fiber bundle used is a concentric
and a pair bundle probe. (e working mechanism of the sensor is based on the displacement sensor and absorption of rhodamine
B on laser light at a wavelength of 543 nm.(e concentration of rhodamine B was detected through the valley and the peak voltage
resulting from the displacement of the sensor probe to the sample surface. (e best performance is shown by a sensor that uses a
concentric bundle as a probe with a detection range of 0–20 ppm with a resolution of 0.6 ppm.

1. Introduction

Detection methods of physical, chemical, and biomedical
quantities using optical fiber continue to be developed. (e
Mach-Zender [1] and Michelson interferometer [2–4]
techniques have been demonstrated can be used to detect
refractive index of liquid. (e surface plasmon resonance
(SPR) method has been used to detect uric acid concen-
trations [5] and manganese ion [6]. Side-emitting technique
uses a microbend [7] and tapered fiber optic [8] as a sensor
probe was successfully applied to detect the refractive index
of chlorinated water and uric acid concentration. (e
method based on optical fiber displacement sensor was
successfully used to detect the liquid refractive index [9],
concentration of calcium [10], sodium chloride [11], glucose
[12, 13], rhodamine B [14], and magnesium ion [15]. In all
mentioned methods, detection of changes in the refractive
index or concentration of the solution is carried out through
changes in light intensity due to the displacement of the
sensor probe to the reflector. (e sample is between the
sensor probe and the reflector. (e intensity of light is read
through the optical detector output voltage. Refractive index
or concentration of solution is detected through the peak
voltage of the optical detector resulting from the displace-
ment of the sensor probe to the reflector. (e reflector is a

flat or concave mirror, and the sensor probe used is a fiber
bundle [9–12] or fiber coupler [13–15].

Detection of the refractive index or solution concen-
tration using a sensor with the existing method requires to
continue maintenance of the sensor probe. (is is due to the
detection mechanism that requires the sensor probe to be
immersed in the sample; what’s more, if the remaining
sample attached to the sensor probe is difficult to clean. To
avoid complicated maintenance of the sensor probe while
maintaining the accuracy of the sensor after repeated use, a
sensor that can work without direct contact between the
sensor probe and the sample is needed. (e sensor with
touchless working mechanism has been published, which
uses fiber coupler as sensor probe to detect concentrations of
rhodamine B in distilled water. Detection of changes in the
concentration of rhodamine B was carried out through the
peak voltage value resulting from the shift of the probe to the
sample surface. Samples are placed in concave mirrors that
act as sample containers as well as reflectors [16].

As is known, fiber bundle as optical device can be used as
liquid concentration sensor. Fiber bundle prices are rela-
tively cheaper and easily acquired in the market than fiber
coupler. With these considerations, in this paper, we use
fiber bundle to detect the concentration of rhodamine B in
distilled water based on displacement sensor without direct
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contact between sensor probe and sample.(e sensor design
can be used to detect other types of liquids if the liquid can
absorb the light source used.

2. Sensor Work Mechanism

Sensor design of rhodamine B concentration in distilled
water using fiber bundle is shown in Figure 1. Fiber bundle
used consists of two types, i.e., concentric and a pair bundle
probe. Concave mirrors are used as a reflector as well as a
sample container. (e volume of sample (solution of rho-
damine B) is small, which is almost twice the volume of the
concave mirror, so that the form of the solution resembles a
convex lens. (erefore, the detected solution must be me-
niscus (cohesion force is greater than the adhesion force) to
not spill from the sample container.

(e working mechanism of the sensor can be explained
as follows. (e light beam from the laser entering the fiber
transmitter (TF) is transmitted to the sample. Some of the
light will be reflected by the surface of the sample and some
will be forwarded to the surface of the concave mirror
(passing the sample). Light reflections from the concave
mirror will come out bypassing the sample again. Some of
the reflecting light from sample and mirror surface will go
into the fiber receiver (RF) and proceed to the optical de-
tector. (e amount of light intensity that enters the optical
detector is read in the form detector’s output voltage. Ab-
sorption of sample (rhodamine B solution) to the light is the
detection principle of sample concentration. (erefore, the
light source must have a wavelength that can be absorbed by
the sample. In addition, refractive index of the sample must
be relatively constant to the changes in sample concentra-
tion. (us, changes in the intensity of light entering the RF
are only due to sample absorption, not by refraction or
reflection light due to changes in sample concentration.
Sensor working mechanism is based on displacement sensor.
Shifting the sensor probe away from the sample surface will
produce a detector output voltage (V) as a probe dis-
placement function (d). Sensor design using fiber bundle
probe and concave mirrors as reflectors will give valley and
peak voltage as function of sensor probe displacement to the
sample surface. (erefore, detection of rhodamine B con-
centration in distilled water can be conducted through the
valley or the peak voltage obtained.

3. Experiment

(e experimental setup for detecting rhodamine B con-
centration using fiber bundle consists of a laser He-Ne (with
a wavelength of 543 nm and maximum power of 5mW) as a
light source, a silicon photodetector with a digital voltmeter
to read the detector output voltage, XYZ stage with a dis-
placement resolution of 10 μm and a range of 25mm is used
to shift the probe sensor, concave mirrors with curvature
radius and diameter of 9mm (volume CM 39 μl) as a re-
flector as well as a sample container, micropipettes (size
10–100 μl) that were used to measure the volume and place
the sample on the container, and fiber bundle. (e fiber
bundle used in the experiment consists of two types, namely

concentric bundle probe made of plastic with a length of 2m
(structure: a TF of 1mm in diameter surrounded by 16
pieces of 0.25mm RF) and a pair of bundle probes made of
plastic (2m long with TF and RF diameters of 1mm each).
Rhodamine B solution with distilled water solvent as sample
in our experiment has a concentration of 0–20 ppm with
variation of 2 ppm.

Before the experiment, the refractive index of each
sample concentration was measured using the Abbe re-
fractometer. Experiments began with the displacement
characterization of concentric and a pair of bundle probes to
concave mirrors. (e experiment setup is shown in Figure 2,
but without samples. (e initial position of the probe is in
the middle and almost touches the bottom of the concave
mirror. Next, the detector output voltage was recorded for
every probe shift of 100 μm. (e next experiment was the
detection of rhodamine B concentration in distilled water
using a concentric bundle as a sensor probe with the ex-
perimental setup shown in Figure 2. After the sample was in
concave mirror (the sample volume was set at 70 μl, which is
almost twice the volume concave mirror for sample not spilt
from the sample container), the sensor probe is placed in the
middle and is about 0.5mm from the highest surface of the
sample (as the reference point for shifting the sensor probe).
(en, the sensor probe is shifted upward away from the
sample surface. Recording the detector output voltage is
carried out every sensor probe shifted 100 μm away from the
sample surface. (e experimental procedure was carried out
three times for each rhodamine B concentration tested
(0–20 ppm with an interval of 2 ppm). (e next experiment
is the use of a pair bundle as a sensor probe. Experimental
procedures are the same as experiments using concentric
bundles as sensor probes.

4. Result and Discussion

(emeasurement of the refractive index for each solution of
rhodamine B used in the experiment has the same value, i.e.,
1.333. (e absorption of rhodamine B solution to laser light
used as source (543 nm) is 1.03 [16]. (us, the sample so-
lution of rhodamine B is in accordance with the proposed
sensor working mechanism in term of laser light source
absorption and stability of refractive index to the solution
concentration. (e photograph of samples shaped as convex
lenses is shown in Figure 3.

Results’ characterization of the shift of concentric and a
pair bundle as a sensor probe against concave mirrors is
shown in Figure 4.(e graph of the relationship between the
detector output voltage and the probe displacement pro-
duces a valley (valley voltage) and peak (peak voltage). (e
valley position is at a displacement of 6.6mm and 4.2mm
each for concentric and a pair bundle probe. (e peak
position is at displacement of 8.8mm and 7.1mm, re-
spectively, for concentric and a pair bundle probe from the
reference point. If calculated based on the probe diameter of
4mm, the reference point is at 0.2mm from the base of
concave mirror.

(e detection results of rhodamine B concentration in
distilled water using concentric and a pair bundle as a sensor
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probe are shown in Figure 5. (e displacement reference
point is at 0.5mm above the highest surface of the sample. If
the sample volume is assumed to be twice the sample
container and form like a convex lens, the calculation of the
sample height from the base of a concave mirror is 2.4mm.
(us, the reference point of the sensor probe displacement is
2.9mm from the base of a concave mirror. (e average
position of the valley is at 3.7mm and 1.1mm, respectively,
for concentric and a pair bundle probe. Meanwhile, the
average position of the peak is at 6.2mm and 4.3mm for
concentric and a pair bundle probes, respectively, from the
reference point. (e valley position between the graphs in
Figures 4 and 5 has a difference of 2.6mm and 2.8mm,
respectively, for concentric and a pair bundle probe. For the
peak position, there is a difference of 2.9mm and 3.1mm,
respectively, for concentric and a pair bundle probe. (is
difference is caused by the differences in reference points due
to the presence of samples in the experiment. In addition to

the refraction of light when passing through the sample, the
reference point of the sensor probe displacement to the base
of the concave mirror (without a sample) of 0.2mm also
influences the difference in value.

From the data of the detection of rhodamine B level in
distilled water in Figure 5, if the observation is conducted
through the position of valley voltage (Vv position) and peak
voltage (Vp position) to the change in concentration, then
the results are shown in the graph in Figure 6. (e data
pattern of the relationship between the average position of
Vv and Vp to the change in concentration seems in-
consistent or random, except for the data in Figure 6(d). (e
data in Figure 6(d) also do not look good enough as a
parameter for observing changes in concentration. (is
result is due to for some concentration, the resulting Vp
positions have equal value.(us, it can be concluded that the
detection of rhodamine B concentration cannot be con-
ducted through position of Vv or Vp.
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Figure 1: Sensor design of rhodamine B concentration in distilled water using fiber bundle and concave mirror as a reflector as well as a
sample container.
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Figure 2: Experimental setup of rhodamine B concentration detection using fiber bundle and concave mirror as a reflector and sample
container.
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If the detection of rhodamine B concentration in dis-
tilled water is carried out through the valley voltage (Vv)
and peak voltage (Vp), the results are shown in Figure 7.
(e data in Figure 7 show that the relationship between Vv
and Vp is linear to rhodamine B concentration with lin-
earity more than 99%. (us, the concentration of rhoda-
mine B can be detected throughVv orVp resulting from the
sensor probe displacement to the sample surface. Sensor
range of the tested rhodamine B concentration of 0–20 ppm
is also a sensor working area (linear region). (e linear
graph slope value in Figure 7 shows the sensor sensitivity
value. (e repetition of experiments for the detection of
rhodamine B levels was carried out three times, resulting in

the largest reduction error in the valley voltage (ΔVv) and
peak voltage (ΔVp) with the same value of 1.5mV. (is
value was obtained for both sensors using concentric and a
pair bundle as a probe. From the measurement error and
sensor sensitivity value, the sensor resolution value can be
calculated. Sensor resolution for the use of concentric
bundle is 0.6 ppm both for observation through Vv and Vp.
For the use of a pair bundle, the resulting sensor resolution
is 1.1 ppm and 0.7 ppm, respectively, for observation via Vv
and Vp.

Overall, the performance of rhodamine B concen-
tration sensor using concentric and a pair bundle probes is
shown through the characteristics in Table 1. Based on
sensor sensitivity and resolution, it is known that sensor
performance using concentric bundle probe is better than
sensor using a pair bundle probe. Detection of rhodamine
B concentration using concentric bundle as a sensor probe
through the valley voltage value is slightly better than the
observation through peak voltage. (is can be seen from
the sensitivity value of the sensor produced. However,
both concentric and a pair bundle can be used as a sensor
probe to detect rhodamine B concentration in distilled
water.

(e 0.6 ppm sensor resolution that is generated using
a concentric bundle probe is not better than the results of
the previous study of 0.02 ppm [14], but the proposed
sensor has the advantage that the detection mechanism is
carried out without contact between the sensor probe and
the sample. With this mechanism, sensor accuracy can
be maintained for longer time and sensor maintenance
can be done easier with lower cost. (e resulting sensor
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Figure 3: Photograph of the sample in the container (concave mirror) when (a) no laser light and (b) illuminated by laser light.
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resolution is also slightly lower compared to the use of
fiber coupler 0.3 ppm [16]. Nevertheless, the sensors
that we propose can be used as a choice in building

liquid concentration sensors because the cost of
manufacturing is relatively cheaper compared to the use
of fiber coupler.
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Figure 5: (e curve of output voltage against displacement of (a) concentric bundle probe and (b) a pair bundle probe for rhodamine B
solution with different concentrations.
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Figure 6: Graph of the relation between rhodamine B concentration and position of Vv for (a) concentric and (b) a pair bundle probe. Also,
relation between rhodamine B concentration and position of Vp for (c) concentric use and (d) a pair bundle probe.
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Sensor resolution can be enhanced using concave mir-
rors that have a greater focal length, so that the sample
volume is larger. A large sample volume will enlarge the
optical trajectory. As the working mechanism of the sensor
uses the principle of absorption, the magnitude of the optical
trajectory will increase the absorption of the sample to the
light passing through it. (us, the sensitivity and sensor
resolution will be enhanced.

5. Conclusion

Detection of rhodamine concentration in distilled water
can be conducted using a concentric or a pair bundle as a

sensor probe with concave mirrors as a sample container.
(e working mechanism of sensor is based on dis-
placement sensor and absorption principle of rhoda-
mine B to green light (wavelength of 543 nm). Detection
is conducted without direct contact between the sensor
probe and the sample and the small sample volume
(70 μl). (e concentration of rhodamine B was de-
tected through the valley and the peak voltage value
resulting from the displacement of the sensor probe to
the sample surface. (e best characteristics are obtained
from sensor using concentric bundle as a sensor probe
with a detection range of 0–20 ppm and a resolution of
0.6 ppm.
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Figure 7: Graph of relation between rhodamine B concentration and value of Vv for (a) concentric use and (b) a pair bundle probe. Also,
relation between rhodamine B concentration and value of Vp for (c) concentric use and (d) a pair bundle probe.

Table 1: Characteristics of rhodamine B concentration sensor using concentric and a pair bundle probes.

Parameters
Value

Concentric bundle probe A pair bundle probe
Valley Peak Valley Peak

Sensor range (ppm) 0–20 0–20 0–20 0–20
Linear region (ppm) 0–20 0–20 0–20 0–20
Linearity (%) 99.9 99.8 99.7 99.9
Sensitivity (mV/ppm) 2.66 2.57 1.36 2.04
Resolution (ppm) 0.6 0.6 1.1 0.7
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