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Optical fiber can be used as a sensor because changes in the surrounding medium affect
light propagation. This study aims to detect changes in the wavelength of light in optical
fiber caused by different sugar solution concentrations using Lagrange interpolation. This
study uniquely integrates stripped-cladding optical fiber sensing with Lagrange
interpolation to estimate unmeasured wavelength responses across varying sugar
concentrations using a safe, environmentally friendly sugar solution. The method
involved removing the cladding layer of the optical fiber and applying sugar solutions
with concentrations from 44.444% to 54.545%. A 589-nm yellow LED was transmitted
through the fiber and measured with a spectrometer. The results showed that increasing
sugar concentration reduced the wavelength from 555.26 nm to 546.75 nm. Therefore,
this method is effective for detecting changes in solution concentration.

Contribution to Sustainable Development Goals (SDGs):
SDG 4: Quality Education

SDG 8: Decent Work and Economic Growth

SDG 9: Industry, Innovation and Infrastructure

SDG 12: Responsible Consumption and Production

1. INTRODUCTION

1.1.  Research Background

include bending, mechanical pressure, ambient temperature, and
poor connectors [6][7].

In this study, the optical fiber was disturbed internally by
removing its protective layer and externally by exposure to sugar
solutions of different concentrations. Sugar solution was selected

Optical fiber is used to transmit data as light waves [1]. These
light waves propagate through the fiber via total internal
reflection, enabling high-efficiency information delivery [2]. In
addition to its high efficiency, optical fiber is widely used for its
lightweight, easy-to-fabricate, relatively inexpensive, and
environmentally friendly nature [3].

Disturbances in the optical fiber can change the wavelength
of the light transmitted through it. These disturbances may be
internal or external. Internal disturbances include attenuation
caused by weakening of optical signal power along the fiber,
dispersion caused by pulse broadening that leads to signal
distortion, scattering caused by defects in the fiber material
structure, and optical nonlinearity [4][5]. External disturbances

because it is safer for the fiber structure than many other liquids,
thereby reducing the risk of damaging or breaking the fiber [8].
In addition, sugar solution is more environmentally friendly and
does not contribute to air contamination in the surrounding area
[91.

The disturbances introduced to the optical fiber altered the
transmission of light propagating inside it, so the optical
information detected from the fiber also changed. Different sugar
solution concentrations produced different responses [10]. These
differences were caused by changes in the wavelength of light
propagating through the fiber. Increasing sugar concentration
altered the refractive index surrounding the stripped optical fiber,
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resulting in a spectral shift toward shorter detected wavelengths
[11][12].

Previous optical fiber concentration-sensing studies primarily
focused on direct experimental measurements, while limited
research has explored computational interpolation methods to
estimate unmeasured spectral responses. Therefore, a
computational approach based on Lagrange interpolation was
required [13][14]. This method is highly accurate for estimating
output values located between measured input values, whether the
spacing of the measured points is regular or irregular [15][16].
Through this approach, wavelength values that could not be
measured directly due to changes in sugar solution concentration
can be estimated, enabling identification of the shift in light
behavior caused by refraction.

2. MATERIALS AND METHODS

2.1. Experimental Setup

To measure the spectral response of light transmitted through
the optical fiber as a function of sugar solution concentration, the
experimental setup shown in Figure 1 was assembled. The optical
system consisted of a yellow LED source, stripped plastic optical
fiber, liquid sample container, detector, and a spectrometer with
type LED-based visible single-beam spectrophotometer and
model custom-built/in-house prototype readout unit.

S SR
Fig. 1. Experimental setup.

The fiber used as the sensing element was a plastic optical
fiber (POF) FD-620-10 manufactured by Autonic [25]. The fiber
was classified as a step-index multimode fiber, with a core
diameter of 950 um and a cladding thickness of 25 pum; therefore,
the estimated total cladding diameter before stripping was
approximately 1.00 mm. The total fiber length was 30.10 + 0.05
cm. The distance from the LED source to the stripped region was
12.90 + 0.05 cm, and the distance from the stripped region to the
detector was 14.50 £ 0.05 cm. For large-core step-index POF, the
numerical aperture is generally in the range of 0.30-0.50 [22].

The cladding was removed only along the sensing region
[23]. The stripping length was 2.70 = 0.05 cm. The fiber section
was immersed in 32.5% HCI for approximately seven days to
soften and dissolve the cladding layer. After chemical stripping,
residual cladding was removed by gentle cleaning and polishing
using waterproof abrasive paper. The exposed region was then
inspected with an optical microscope. The stripped fiber was
accepted only when the measured diameter was smaller than the
original core diameter; the measured diameter after stripping was
0.9380 + 0.0014 mm. This procedure was used to minimize
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residual cladding, avoid excessive mechanical pressure, and
control possible damage to the plastic core.

The stripped region was positioned inside an acrylic sample
holder so that the exposed core area was fully immersed in the
solution. The sample holder had a base length of 4.30 = 0.05 cm,
a base width of 4.00 + 0.05 cm, and a height of 7.50 = 0.05 cm.
The fiber was positioned 1.00 + 0.05 cm above the base of the
holder. The acrylic holder was selected because it is transparent,
sufficiently rigid, and does not damage the fiber surface.

The input light source was a yellow LED with a nominal peak
wavelength of 589 nm. The spectrometer/detector unit used in
this experiment was a laboratory-built visible-range readout
system as shown in Figure 1; no commercial model number was
recorded in the available experimental log. The smallest
wavelength increment displayed by the instrument was 0.01 nm
and was therefore treated as the readout resolution. Before
collecting data, the wavelength scale was checked using the 589
nm yellow LED reference, and the baseline was checked before
each measurement. The output values reported in this work refer
to the detected spectral peak of the transmitted response, not to a
physical change in the wavelength generated by the LED source.
For the selected measurement interval, the sugar solution was
prepared by dissolving sugar in water according to the mass ratio
listed in Table 1. The concentration of the sugar solution was
calculated using Equation (1) [19].

C= x 100% (1)

My
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2.2. Lagrange Interpolation

To estimate wavelength values that could not be read directly
by the spectrometer due to changes in sugar solution
concentration, Lagrange interpolation was used. This method is
highly accurate for determining wavelength values that are not
directly measured by the spectrometer. The general form of the
Lagrange interpolation equation is given in Equations (2) and (3)
[20].

L@ =) L@ @
i=0

n
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where ma is the mass of water (ml), mg is the mass of sugar
(g), and C is the sugar concentration measured (%). In Equations
(2) and (3), x is the sugar concentration to be determined (%), xi
and xj are sugar concentration values obtained from measurement
(%), fa(x) is the wavelength to be estimated (nm), and f(xi) is the
wavelength obtained from measurement (nm).

Lagrange interpolation was chosen because it can estimate
intermediate wavelength values directly from limited measured
data and the curve passes exactly through the original data points.

Compared with linear interpolation, Lagrange is more
flexible because it can represent slight nonlinear changes. Spline
interpolation gives a smoother curve, but it is more complex and
less necessary for a small dataset. Polynomial regression only
gives a best-fit trend and does not always pass through the
measured data. Therefore, Lagrange interpolation was suitable
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because it is simple and direct, and it keeps the interpolated
results consistent with the measured data.

2.3. Measurement Replication and Data Processing

Each solution concentration was measured repeatedly to reduce
random error. The available experimental record contains three
readings for each concentration in the refractive-index
measurement and three readings for each photodetector-voltage
measurement. The arithmetic mean was used as the representative
value for subsequent conversion and interpolation. Measurement
uncertainty was evaluated from the spread of the repeated
readings using the standard deviation; the mean values were used
in the concentration-response table and in the Lagrange
interpolation calculation.

During measurement, the fiber position, immersion depth,
and LED-detector alignment were kept constant. Each solution
was placed in a separate container to prevent cross-contamination
between concentrations. Measurements were performed after the
displayed value stabilized, and the test area was kept as dark as
possible to minimize interference from ambient light.

3. RESULT AND DISCUSSION

3.1.  Relationship Between Concentration and
Wavelength

Table 1. Relationship between sugar solution concentration and
light wavelength in optical fiber.

Water ‘ Sugar | Concentration | Wavelength |
(ml) (2) (%) (nm)

100 | 80 44.444 555.26 | Measured
00 | 8 45.055 55358 | Interpolated
100 i 84 45.652 554.48 Measured
100 86 46.237 554.25 Interpolated
00 | 88 46.809 553.30 | Measured
i()l) ‘ 90 47.368 552.38 Interpolated
| 92 47.917 55175 | Measured
100 | 94 48.454 551.33 Interpolated
00 9% 48.980 550.97 | Measured
100 ; 98 49,495 550.60 Interpolated
100 100 50000 | 55020 | Measured
100 ’ 102 50.495 549.81 Interpolated
100 | 104 50.980 54943 | Measured
100 | 106 51.456 549.05 Interpolated
100 108 51.923 548.66 | Measured
100 110 52.381 5?276 Interpolated
100 112 52.830 547.90 Measured
100 114 53.271 547.65 Interpolated
00 | 116 53.704 | 547.52 | Measured
100 118 54.128 547.37 Interpolated
0120 54.545 546.75 | Measured

Measured = experimental data; Tnterpolated = values obtained by Lagrange interpolation

Table 1 presents the measured wavelength changes in the
optical fiber and the wavelength values obtained through
Lagrange interpolation. Bold numbers indicate measured values,
whereas italic numbers indicate values obtained by Lagrange
interpolation. In Table 1, changes in sugar solution concentration
clearly affected the wavelength of light transmitted through the
optical fiber. At a concentration of 44.444%, the measured

https://doi.org/10.29165/ajarcde.v10i2.1034

wavelength was 555.26 nm, whereas at 54.545% it decreased to
546.75 nm. Overall, the data show a strong tendency for the
detected wavelength to decrease as sugar solution concentration
increases. This finding is consistent with the study's aim, namely,
to demonstrate that changes in sugar solution concentration affect
the optical characteristics of a fiber whose cladding has been
stripped [23].

The decrease in wavelength can be explained by changes in
the optical properties of the medium surrounding the fiber. As the
sugar solution concentration increases, the solution's density also
increases, causing greater refraction in the region around the fiber
surface [21]. Because the cladding layer has been stripped, the
light propagating inside the fiber becomes more sensitive to
changes in the external medium. As a result, changes in the sugar
solution concentration affect light transmission in the optical
fiber, producing wavelength shifts that can be detected by the
spectrometer. Thus, a higher sugar concentration produces
stronger refraction and a smaller transmitted wavelength.

If the data in Table 1 are examined closely, the relationship
between concentration and wavelength does not change
identically at every point. Nevertheless, the overall trend remains
strongly decreasing. For example, at a concentration of 45.055%,
the wavelength was 553.58 nm; then at 45.652%, it increased
slightly to 554.48 nm before decreasing again at the next point.
Small fluctuations of this kind are reasonable in experimental
measurements and may be influenced by the stability of the LED
light source, spectrometer sensitivity, fiber position during
measurement, and the homogeneity of the sugar solution. Even
so, these local fluctuations do not alter the main tendency of the
data, namely that increasing sugar concentration is associated
with a decrease in wavelength [24].

3.2. Linearity Before and After Interpolation

In this study, Lagrange interpolation was used to estimate
wavelengths not measured directly by the spectrometer. This
approach is important because not all concentration-change
points can be recorded in detail in the experiment; therefore, a
computational method is required to estimate values between the
measured points. Lagrange interpolation can thus serve as a
numerical method that complements the experimental data
without altering the main pattern in the relationship between
sugar solution concentration and optical fiber wavelength.

The advantage of the Lagrange interpolation method can be
evaluated by comparing the graphs in Figure 2. Before the
computationally estimated data were added, the linear regression
between sugar solution concentration and optical fiber
wavelength produced a coefficient of determination of R? =
0.9920, equivalent to 99.20%. After the Lagrange interpolation
data were included, the coefficient of determination became R? =
0.9817, equivalent to 98.17%. The decrease in R? was only
0.0103, or 1.03%, indicating that the interpolated results still
show a very strong linear relationship and remain highly
consistent with the measured data. In this study, the percentages
of 99.20% and 98.17% correspond to the coefficients of
determination (R?) obtained from linear regression fits.
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(a) Without Lagrange Interpolation
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Fig. 2. Relationship between sugar solution concentration and
light wavelength in optical fiber: before adding Lagrange
interpolation

(b) With Lagrange Interpolation
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Fig. 3. Relationship between sugar solution concentration and
light wavelength in optical fiber: after adding Lagrange
interpolation.

The high linearity after interpolation also indicates that the
optical fiber sensor response to changes in sugar solution
concentration tends to be stable within the tested range. This is
important because a near-linear relationship simplifies analysis,
calibration, and future sensor-system development. Therefore,
wavelength shifts can be used as a representative indicator for
detecting changes in solution concentration.

In addition to confirming the effectiveness of Lagrange
interpolation [26], the results show that stripping the cladding
layer effectively increases the sensitivity of the optical fiber
sensor to the external medium. Initially, the yellow LED used in
this study had a wavelength of 589 nm. After the stripped optical
fiber was exposed to a sugar solution, the wavelength changed to
55526 nm. As the sugar concentration was continuously
increased, the wavelength gradually decreased to 546.75 nm. This
finding reinforces that the designed system is responsive to
differences in sugar solution concentration.

From an application standpoint, these results are promising
because sugar solution is easy to obtain, relatively safe for the
optical fiber structure, and more environmentally friendly than
several other liquids. The combination of a modified optical fiber
and Lagrange interpolation enables concentration detection using
a simple approach while still delivering very good results. Even
so, this study still has limitations. The discussion mainly focuses
on wavelength trends and linearity values, whereas other
parameters such as sensitivity, measurement precision, and error
have not yet been analyzed in detail. Future studies should
investigate sensor sensitivity, repeatability, and alternative
interpolation techniques across broader concentration ranges, and

376 Tamimah et al.

compare Lagrange interpolation with other numerical methods to
evaluate sensor performance more comprehensively.

4. CONCLUSION

Based on the results of this study, changes in sugar solution
concentration affect the wavelength of light transmitted through
the optical fiber. Within the concentration range of 44.444% to
54.545%, the wavelength decreased from 555.26 nm to 546.75
nm. These results indicate that optical fiber with a stripped
cladding layer is able to respond to changes in the external
medium and can therefore be utilized as a sensor for sugar
solution concentration.

The Lagrange interpolation method used in this study was
also shown to effectively estimate unmeasured wavelengths. This
is evidenced by the high linearity in the relationship between
sugar solution concentration and optical fiber wavelength before
and after the addition of computational results, namely 99.20%
and 98.17%, respectively, with a difference of only 1.03%.
Therefore, Lagrange interpolation can be used as a supported
quantitative method for complementing experimental data in
optical fibre sensor systems.

Empirically, this study shows that the combination of an
optical fiber sensor and Lagrange interpolation has the potential
to be developed as a simple, safe, and environmentally friendly
liquid concentration detection system. The proposed sensor is
especially useful for liquid monitoring because it can detect
changes in liquid concentration or refractive index, making it
applicable to chemical solutions, water quality monitoring, and
industrial process control. However, stronger validity will require
further study, particularly through testing over a wider
concentration range and through more complete analysis of
sensor performance parameters such as sensitivity, precision, and
measurement stability.
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