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loT-Integrated Optical Thickness Sensor with LED Light Source

Badania nad zintegrowanym z loT czujnikiem optycznym grubosci z wykorzystaniem zrodta $wiatta LED
do monitorowania jakosci produktu

Abstract. This research investigates the development of a cost—effective loT-integrated optical thickness sensor utilizing an LED light source for
product quality monitoring. The primary objective is to assess the feasibility of employing a simple optical device to measure the thickness and
color of transparent flat surfaces. The methodology involves an RGB LED source that emits light toward the transparent plastic sheet, with the
transmitted light being collected by a photodetector and sent to a NODEMCU through an operational amplifier. The LED—emitted rays are par-
tially reflected by the material layer, while the remainder of the light is either absorbed or transmitted depending on the material properties. The
optical sensor is connected to the Blynk application to enable IoT capabilities, allowing for the collection of 200 data points per measurement. Ex-
perimental results demonstrated that the sensor achieved a maximum sensitivity of 1.44 V/mm and a linearity of 95.49% when measuring a trans-
parent green plastic sheet with a green LED light source. This work underscores the potential of integrating optical sensing technology with IoT
solutions to enhance quality control processes in various industries.

Streszczenie. Niniejsze badania badajg rozwéj ekonomicznego zintegrowanego z loT optycznego czujnika grubo$ci wykorzystujgcego zrédto
S$wiatta LED do monitorowania jako$ci produktu. Gtéwnym celem jest ocena wykonalno$ci zastosowania prostego urzgdzenia optycznego do
pomiaru grubosci i koloru przezroczystych ptaskich powierzchni. Metodologia obejmuje zrédto LED RGB, ktére emituje Swiatto w kierunku
przezroczystej folii plastikowej, a $wiatto przechodzgce jest zbierane przez fotodetektor i przesytane do NODEMCU za po$rednictwem wzmac-
niacza operacyjnego. Promienie emitowane przez diode LED sg cze$ciowo odbijane przez warstwe materiatu, podczas gdy reszta Swiatta jest
pochtaniana lub przekazywana w zalezno$ci od wtasciwo$ci materiatu. Czujnik optyczny jest podtgczony do aplikacji Blynk, aby umozliwi¢ funk-
cje loT, umozliwiajgc zbieranie 200 punktéw danych na pomiar. Wyniki eksperymentalne wykazaty, ze czujnik osiggngt maksymalng czuto$c 1,44
V/mm i liniowo$¢ 95,49% podczas pomiaru przezroczystej zielonej folii plastikowej za pomocg zielonego zrédta Swiatta. W pracy podkreslono
potencjat integracji technologii czujnikbw optycznych z rozwigzaniami loT w celu usprawnienia procesow kontroli jako$ci w réznych gateziach

przemystu.
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Introduction

Smart infrastructure is closer to reach than ever. The Inter-
net of Things (loT) interconnects numerous numbers of data ac-
quisition and processing tools, such as actuators and sensors,
enabling the construction of smart cities and factories based
on efficient and reliable infrastructure [1, 2]. This infrastructure
integrates production lines, quality control systems, and safe-
ty tools with distributed sensors and communication networks
[3], while omnipresent telecommunication networks smoothly
and efficiently support heterogeneous transmission technolo-
gies [4]. Achieving reliable and efficient quality control requires
the development and integration of sensors with information
and telecommunication technologies (ICT). Machine—to—ma-
chine protocols, combined with the Internet of Things, blur the
boundaries between the manufacturing and telecommunica-
tion sectors [5]. Intelligent and cost—effective data acquisition
and processing bridge the gap between these two sectors [6].

Fiber optic and photonic technologies play a significant
role in telecommunication networks. Within the IoT frame-
work, they operate as sensors at the device layer and as
transmission media at the network layer [7]. Contemporary
transport infrastructure is built on optical telecommunication
systems, which provide valuable, ubiquitous support to the
transport networks in loT systems [8].

Photonics sensors are well—suited for quality control loT
applications. Manufacturing quality and process control do
not impose strict constraints on energy consumption and net-
work reach, unlike traffic control and navigation applications
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[9]. Photonics sensors can be widely deployed in both dis-
crete and distributed systems [9, 10]. Additionally, they can
operate in harsh and hazardous environments [11], and pho-
tonics sensors are immune to electromagnetic interference
[12]. Therefore, photonics sensors can be deployed in hos-
pitals, factories as well as both on—shore and underwater oil
and gas facilities [13-15].

Recently, photonics sensors have garnered increased at-
tention due to their sensitivity, stability, and reliability [16].
However, the development of photonics sensors can be-
come a costly endeavor. Optical equipment, such as laser
light sources, modulators, and lock—in amplifiers, contributes
to the high costs associated with photonics sensors. The com-
plexity of these sensors requires professional handling, ren-
dering them often inaccessible to small industries [17]. Fur-
thermore, loT integration is essential for photonics sensors in
quality control applications. Thus, future developments in pho-
tonics sensors should take these considerations into account.

Films below a specified thickness may physically fail by
bursting, splitting, or leaking. These films can become less
effective at preventing the migration of oxygen and contami-
nants, leading to product spoilage. Measuring and manufactur-
ing within tight tolerances can significantly reduce raw material
waste, thereby improving productivity and reducing costs. To
manufacture plastic raw materials in different colors, pigments
and toners are used to match these colors. Colorimeters are
necessary to maintain the consistency of the color in plastic
products, a process that photonics sensors can facilitate [18].
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Photonics sensors have been developed to detect the
thickness of samples. Chromatic confocal systems based
on inclined illumination achieve an axial measurement ac-
curacy at the micron level, as demonstrated in tests meas-
uring glass slide thickness [19]. A fiber—optic confocal probe
with an integrated camera achieved a lateral resolution of 1.2
um for a 2.5—mm radius ball lens, allowing it to measure the
central thickness of small ball lenses and other optical tools
[20]. A laser confocal sensor designed for surface topography
measured surface roughness within the range of 0.2-7.0 ym,
with a relative accuracy of 5% [21]. Lens—fiber interference
(LFI) systems have been used to monitor the thickness of
transparent sheets with known refractive indices [22]. A fiber
optic displacement sensor detected the thickness of transpar-
ent plates in the range of 1.0 —2.5 mm; its peak output varied
linearly with sample thickness [23]. These sensors demon-
strated promising performance; however, they often require
costly equipment and careful, professional handling. Addi-
tionally, the large equipment needed for these sensors occu-
pies significant space. Therefore, photonics sensors should
aim to be more compact and cost—effective to achieve wider
adoption for quality control [24].

This paper presents a simple and cost—effective photon-
ics device for product quality monitoring. The loT—integrated
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Fig. 2: Optical sensor connection to the Blynk application
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sensor measures the thickness of transparent surfaces, in-
corporating an LED light source and photodetector circuits
for measuring both thickness and color of these transparent
flat surfaces. The photonics sensor has been integrated with
an loT platform, and the results of the experimental analysis
are presented in this paper.

Methodology

The proposed sensor’s sensing mechanism is shown in
Figure 1. The RGB LED source emits light towards the test-
ed material/transparent sheet. The transmitted light is col-
lected by the photodetector (SFH 203 P OSRAM) and sent
to a NODEMCU through an op—amp (LT1884 manufactured
by Analog Devices Inc.). The LED—emitted rays are partially
reflected by the transparent plastic sheets, while the rest of
the light is absorbed or transmitted depending on the mate-
rials’ properties.

Figure 2 shows the sensor’s connection to the Blynk ap-
plication to achieve loT capabilities through network connec-
tivity. The sensor’s optical unit consists of the optical source,
the tested material, and the photodetector in an open—space
setup. The Blynk app is a simple loT connectivity tool and
serves as an application builder for loT prototyping, deploy-
ment, and management.

A red LED light source is set up, and a transparent red
plastic sheet is placed between the LED and the photode-
tector. The transparent red plastic sheets range from one to
four sheets. Each transparent plastic sheet has a thickness
of 0.3 mm. The photodetector will collect the light that passes
through the transparent red plastic layers and send it to the
loT platform to be recorded 200 times. The experiment is re-
peated with green and blue transparent plastic sheets using
the red LED light source. Once the experiments with the red
LED light source for all three colors of transparent plastic are
completed, the experiments are repeated with green and blue
LED light sources. Next, all the collected data is analyzed,
and the performance of this sensor is determined.

Results and discussion:

Figure 3 shows the sensor performance with different
thicknesses for transparent red PVC. The thickness range
was 0.33-1.8 mm. The red sensitivity was —0.33 V/mm com-
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pared to 0.03 for the green and blue. The green and blue
showed similar results. Table 1 shows that the sensor’s line-
arity for the red was >99%. The standard deviation was 0.183
V. The sensor showed a resolution of 0.261 mm.

Figure 4 presents the sensor performance with different
thicknesses for transparent green PVC. The thickness range
was 0.3—1.8 mm. The green sensitivity was —1.44 V/mm com-
pared to —0.27 for the red and —1.02 for the blue. Table 2
shows that the sensor’s linearity for the red was 95.5%. The
standard deviation was 0.828 V. The sensor showed a reso-
lution of 0.063 for the green sheet.

Figure 5 presents the sensor performance with different
thicknesses for transparent blue PVC. The thickness range
was 03-1.8 mm. The blue sensitivity was —1.12 V/mm com-
pared to —0.11 for the red and —1.35 for the blue. Table 3
shows that the sensor’s linearity for the red was 98%, and the
standard deviation was 0.636 V. The sensor showed a reso-
lution of 0.143 for the blue.

Figure 6 compares the sensitivity between thickness and
the transparent sheet colour. The green sheet with a green
source had a sensitivity of —1.44 V/mm. The blue sheet was
—1.35, and the red was —0.03 for the sheet thickness testing.
The blue source with the blue sheet testing had a—1.12 V/mm

sensitivity compared to —1.02 V/mm for the green sheet and
—0.03 V/mm for the red sheet. The red source had a —0.33
V/mm for the red sheet testing and a —0.27 V/mm and —0.11
V/mm for the green and blue sheets, respectively. The green
light source has the best consistency for sensitivity.

Figure 7 shows the linearity of the sensing performance.
The red source with red sheets reached 99.83%. The green
with green sheets was 95.49%. The blue with blue sheets
was 97.99%. The green light source has the best consist-
ency linearity. The sensor design shows a promising linear
response.

Figure 8 shows the resolution of the sensor. The reso-
lution indicates the slightest thickness variation the sensor
can detect. The sensor designed here showed a resolution
of 0.261 mm for the red sheet, 0.063 mm for the green sheet,
and 0.143 mm for the blue sheet. The green light source has
the best consistency and resolution.

Conclusion:

This study successfully demonstrates the feasibility of
a cost—effective, loT—integrated optical thickness sensor us-
ing an RGB LED light source for product quality monitoring.

Table 1: Sensing performance summary for red transparent PVC sheet.

Sensor Performance Red Green Blue
Sensitivity (V/mm) -0.33 -0.03 -0.03
Linearity (%) 99.83% 85.67% 65.73%
Standard Deviation (V) 0.183 0.017 0.024
Resolution -0.261 0.000 -2.835
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Fig. 3: Sensing performance for red transparent PVC sheet with RGB LED light Source
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Table 2: Sensing performance summary for green transparent PVC sheet.

Sensor Performance Red Green Blue
Sensitivity (V/mm) -0.27 -1.44 -1.02
Linearity (%) 67.86% 95.49% 87.55%
Standard Deviation (V) 0.183 0.828 0.610
Resolution -0.021 -0.063 -0.071
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Fig. 4: Sensing performance for green transparent PVC sheet with RGB Light Source
Table 3: Sensing performance summary for blue transparent PVC sheet.
Sensor Performance Red Green Blue
Sensitivity (V/mm) -0.11 -1.35 112
Linearity (%) 64.53% 92.62% 97.99%
Standard Deviation (V) 0.075 0.788 0.636
Resolution -0.762 -0.141 -0.143
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Fig. 5: Sensing performance for blue transparent PVC sheet with RGB Light Source
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The sensor output showed that the thicker transparent sheets
had lower average output voltages. The integration of the sen-
sor with loT capabilities via the Blynk application further em-
phasizes the utility of real-time data collection and monitoring
in quality control processes. This research paves the way for
the adoption of low—cost optical sensing solutions in various
industries, offering a promising avenue for improving product
consistency and efficiency in manufacturing environments.
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