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Visible light communication

This study investigates the use of visible light communication (VLC) for
rapid environmental monitoring by leveraging thin film solar cells as signal
receivers. VLC, which employs visible light for data transmission, presents
an energy-efficient and eco-friendly approach for real-time monitoring.
Thin-film solar cells, recognized for their efficiency and low-light
performance, function both as environmental sensors and VLC signal
receivers. We conducted experiments to evaluate the system's performance
across various environmental conditions, such as light intensity and
temperature changes. Our findings indicate that thin-film solar cells can
swiftly and accurately detect environmental changes while maintaining a
low bit error rate for VLC data. The system also shows high responsiveness
to rapid light variations, making it well-suited for dynamic monitoring tasks
like air quality, humidity, and forest fire detection. This research highlights
VLC technology's significant potential for environmental monitoring
applications requiring quick, real-time data transmission, and energy
efficiency with thin-film solar cells. The integration of this technology
promises to enhance environmental monitoring systems, contributing to
climate change mitigation and improved environmental management, and
sets the stage for developing advanced, sustainable solutions in wireless
communication and ecological monitoring.
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1. INTRODUCTION

Rapid and dynamic environmental changes due to climate change, urbanization, and other human
activities have become a global concern [1]. Real-time ecological monitoring is critical to anticipate and
respond to the negative impacts of these changes [2]. Technology that can detect environmental changes
quickly and accurately is needed to support mitigation and adaptation efforts [3]. In this context, the use of
visible light communication (VLC) technology offers an innovative and sustainable solution [4]. VLC, which
uses the visible light spectrum for data transmission [5], provides an attractive alternative to conventional
communications technologies that use radio waves [6]. With a wider spectrum and not affected by strict
regulations such as radio frequencies [7], VLC can provide high data capacity and minimal interference [8].

Thin film solar cells are a key component in the integration of VLC technology for environmental
monitoring [9]. These solar cells are known for their ability to convert light into electrical energy with high
efficiency [10], as well as flexibility in various lighting conditions [11]. Thin-film solar cells not only serve
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as energy sources but also as VLC signal receivers [12], allowing the system to operate autonomously
without requiring a large external power source [13]. This technology offers great opportunities for
environmental monitoring applications [14], where systems must operate autonomously in remote and hard-
to-reach locations [15]. By utilizing thin-film solar cells [16], environmental monitoring devices can be
placed at multiple observation points [17], ensuring broad and continuous monitoring coverage [18]. VLC
implementation in environmental monitoring covers various technical and functional aspects [19]. VLC
systems must be able to transmit and receive data quickly and reliably [20], even under varying
environmental conditions such as changes in light intensity and temperature [21].

This research aims to explore the potential and effectiveness of using VLC with thin film solar cells
as signal receivers in the context of environmental monitoring. By carrying out various tests and experiments,
this research is expected to provide in-depth insight into system performance in various environmental
conditions, as well as identify challenges and opportunities for further development [22]. The findings from
this research will make an important contribution to the development of more efficient and environmentally
friendly communications and monitoring technologies, supporting global efforts to maintain environmental
sustainability and mitigate climate change [23]. This research introduces a novel integration of VLC with thin
film solar cells for rapid environmental monitoring, distinguishing itself from existing studies by combining
dual functionalities in a single system. Unlike traditional methods, which rely on separate sensors and
communication devices, our approach uses thin film solar cells as both environmental sensors and VLC
receivers [24]. This dual-role capability enhances system efficiency and reduces energy consumption.
Additionally, our study demonstrates how VLC technology can maintain low bit error rates and high
responsiveness to rapid light fluctuations, offering a unique solution for real-time, dynamic monitoring of
environmental parameters such as air quality and humidity.

2. RESEARCH METHOD

This research uses an experimental approach to examine the effectiveness of VLC in monitoring
environmental changes using thin film solar cells as signal receivers. The research process is divided into
several main stages, namely system design, laboratory testing, and field testing. At the system design stage,
we developed a VLC prototype consisting of an light emitting diode (LED) source as a transmitter and a thin
film solar cell as a receiver [25]. This prototype is designed to be able to detect and transmit data on
environmental changes in real-time as seen in Figure 1. The thin film solar cells used in this research were
selected based on their efficiency in converting light energy into electricity, as well as their ability to function
in various lighting conditions. This system is also equipped with a microcontroller which functions to process
data received from the solar cells and send it to the control center via a wireless network [26].
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Figure 1. Experiment setup of LED laser and thin film solar panel-based VLC system

In the laboratory testing stage, the prototype is tested in controlled environmental conditions to
evaluate system performance in various lighting and temperature scenarios. Trials were carried out with
variations in light intensity from low to high conditions, as well as temperature variations to simulate
different environmental conditions. Data collected includes bit error rates, the responsiveness of solar cells to
changes in light intensity, and the system's ability to detect changes in environmental parameters such as
temperature and humidity [27]. The results of this laboratory testing are used to optimize the design and data
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processing algorithms on the VLC system. Next, the field test stage was carried out to test the system's
performance in real conditions. Prototypes are installed in locations selected based on environmental
monitoring needs, such as areas with a high risk of rapid ecological change [28]. Data from field tests was
analyzed to evaluate the system'’s effectiveness in detecting and transmitting environmental data in real-time,
as well as the system's robustness in various weather and lighting conditions [29]. Through this approach, the
research is expected to provide a comprehensive picture of the potential use of VLC and thin-film solar cells
in environmental monitoring, as well as identify areas for further technological development.

3. RESULTS AND DISCUSSION

This research examines the use of signal modulation at certain frequencies in a VLC system for
rapid environmental monitoring using thin film solar cells as receivers. The use of frequency modulation is
key in ensuring stable and accurate data transmission in various lighting conditions and environments. In
VLC systems, signal modulation at precise frequencies allows the separation of data from environmental
interference and increases transmission reliability. Signal modulation experiments were carried out with
various modulation schemes, pulse width modulation (PWM), and frequency shift keying (FSK). Figure 2
shows the results of the PWM test, although simple, it has limitations in varying lighting conditions because
changes in light intensity can cause interference in the received signal. PWM, on the other hand, offers the
advantage of reducing the impact of light fluctuations by encoding data based on pulse width but is still
susceptible to environmental noise [30]. FSK shows the best performance in this test. By encoding data at
different frequencies, FSK enables the separation of data signals from environmental noise more effectively.
Laboratory testing shows that FSK can maintain a low bit error rate even when light intensity fluctuates. This
is due to FSK's ability to modulate data at frequencies that can be easily distinguished by the receiver,
namely the thin film solar cells used in this system [31]. Thin-film solar cells show good sensitivity to
changes in light signal frequency [32], making them ideal components for the implementation of this
modulation scheme [33].
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Figure 2. Display of PWM and FSK measurement results

The performance characteristics of thin film solar cells as signal receivers in VLC systems are
analyzed through current density versus voltage (J-V) curves. The J-V curve provides important information
about the efficiency of light-to-electricity conversion, which is critical for assessing the capabilities of solar
cells under varying lighting conditions. The measurement results show that thin film solar cells have high Js
at optimal light intensity, indicating that the material can produce significant current when exposed to light
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[34]. The measured Vo also shows good values, reflecting the ability of the solar cells to produce a high
voltage under maximum lighting conditions.

The J-V curve in Figure 3 also shows that under low lighting conditions, even though there is a
decrease in Jsc and Vo, thin film solar cells are still able to produce sufficient power to support VLC system
operation. This is important considering that environmental monitoring systems often must function in
changing lighting conditions, including at night or during cloudy weather [35]. The reliability of the solar
cells under various lighting conditions ensures that the VLC system can operate continuously and stably.
Moreover, J-V curve analysis at various light intensities shows that the power conversion efficiency (PCE)
of thin-film solar cells remains quite high even at low light intensities. This efficiency allows VLC systems to
make optimal use of available light sources, reducing dependence on external power sources [36]. In field
tests, the ability of solar cells to maintain good performance in low light conditions proved especially useful
for environmental monitoring in areas with heavy cloud cover or in situations where natural lighting is
limited [37]. Another factor revealed from the J-V curve is the stability of solar cell performance against
temperature variations. Thin-film solar cells show good resistance to temperature changes, with only slight
variations in Jsc and Vo as the ambient temperature changes. This shows that solar cells can function well in a
wide range of climatic conditions, making them reliable components for environmental monitoring systems
that must operate in a wide range of weather conditions.
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Figure 3. Performance characteristics of thin film solar cells via current density versus voltage (J-V) curves

This research develops a VLC system by utilizing thin film solar cells as signal receivers to monitor
environmental changes. The results of laboratory experiments and field tests provide deep insight into the
performance and effectiveness of this system under various environmental conditions. In laboratory tests,
thin-film solar cells demonstrated excellent capabilities in capturing VLC signals and converting light into
electrical signals with high efficiency [38]. At low light intensities, the system continues to operate with
minimal bit error rates, confirming that this technology can function well even in less-than-ideal lighting
conditions.

Additionally, laboratory testing revealed that the system is highly responsive to changes in light
intensity. As the light intensity increases, the signal reception efficiency also increases, resulting in more
stable and accurate data transmission [39]. On the other hand, in conditions of very low light intensity, even
though there is a slight increase in bit error rate (BER), the data can still be received with an acceptable level
of accuracy. This indicates that thin film solar cells are not only effective as energy sources, but also as
reliable VLC signal receivers as seen in Figure 4. Temperature variations tested in the laboratory also show
that environmental temperature does not have a significant influence on the performance of thin film solar
cells in receiving VLC signals, making this system suitable for a variety of environmental conditions
including areas with extreme temperatures. Field tests were carried out in several locations with different
environmental characteristics, including urban areas with high air pollution, forest areas that are prone to fire,
and coastal areas that are vulnerable to extreme weather changes. In urban areas, the system successfully
monitors air pollution fluctuations accurately, providing important data for air quality analysis. In forest
areas, this system can detect changes in humidity and temperature that could indicate potential forest fires,
enabling early preventative action [40]. These results show that VLC systems with thin film solar cells can
function well in various environmental conditions and provide accurate and real-time data.
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Figure 4. Lighting distribution in the VLC system

In addition, field tests show that the system has good resistance to changing weather conditions. In
coastal areas, the system can withstand high humidity and strong winds without experiencing a significant
decrease in performance. The ability of thin-film solar cells to function in low-lighting conditions is
particularly beneficial for environmental monitoring at night or in areas with thick cloud cover [41]. This is
important because many critical environmental events, such as forest fires or increased air pollution, can
occur at any time without considering the time of day or lighting conditions. The integration of VLC
technology and thin film solar cells also shows advantages in terms of energy efficiency. This system can
operate autonomously by utilizing available light energy, reducing dependence on external energy resources
[42]. This makes this system ideal for use in remote locations or hard-to-reach areas where electrical
resources are limited [43]. Thus, this system not only offers an effective environmental monitoring solution
but also contributes to energy sustainability. Besides technical advantages, this research also highlights
several challenges that need to be overcome for further development [44]. One of the main challenges is
ensuring the consistency and stability of data transmission in highly variable environmental conditions as
seen in Figure 5. Although the system demonstrated good performance in laboratory and field tests, further
optimization is required to address extreme situations that may not be fully covered in testing [45]. In
addition, integration with wider communications networks also needs to be considered to ensure that the data
collected can be accessed and analyzed effectively by stakeholders.
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Figure 5. Field tests were carried out on the VLC system in several environmental characteristics

The development of more sophisticated data processing algorithms can also increase the capabilities
of this system. Better algorithms can help in analyzing data in real time, identifying patterns that indicate
significant environmental changes, and providing more accurate early warnings [46]. Thus, this system can
become a stronger tool to support mitigation and adaptation actions to environmental changes [47]. The main
findings of this study reveal that integrating VLC with thin film solar cells significantly enhances
environmental monitoring capabilities. This approach enables rapid and accurate detection of environmental
changes while simultaneously serving as an energy-efficient data transmission method. The use of thin film
solar cells, which effectively operate under low-light conditions, ensures that the system remains responsive
and reliable in diverse environmental settings. The ability to achieve low bit error rates and high
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responsiveness to light variations underscores VLC’s potential for real-time monitoring applications, thereby
offering a robust solution for dynamic and sustainable environmental management.

Overall, this research shows that VVLC technology using thin-film solar cells as signal receivers has
great potential for use in rapid and real-time environmental monitoring. The results of laboratory experiments
and field tests show that this system can operate efficiently and accurately in various environmental
conditions [48]. The system also shows good resistance to weather and temperature variations, as well as the
ability to function in low-lighting conditions [49]. With the integration of this technology, it is hoped that
more efficient and sustainable environmental monitoring solutions can be created, supporting global efforts
to maintain environmental sustainability and mitigate climate change [50]. These findings pave the way for
further development and widespread application of VLC technology in various environmental monitoring
applications in the future.

4. CONCLUSION

In summary, this research successfully developed and tested a VLC system that employs thin film
solar cells as signal receivers for swift environmental monitoring. Experimental findings demonstrate that
thin film solar cells perform effectively under varying lighting conditions, exhibit high PCE, and respond
reliably to fluctuations in light intensity and temperature. FSK modulation has proven effective in preserving
data transmission quality across different environmental scenarios, ensuring consistent and accurate data
delivery. Field trials reveal that the system can detect real-time changes in environmental parameters,
providing crucial data for mitigation and adaptation strategies. The energy efficiency of thin film solar cells
allows the system to operate independently in remote areas without needing substantial external power
sources. Thus, integrating VLC technology with thin film solar cells offers an efficient, reliable, and
sustainable solution for environmental monitoring, significantly supporting climate change mitigation and
enhanced environmental management.

ACKNOWLEDGEMENTS

The author would like to thank for sponsoring this research Republic of Indonesia for their support
in providing Indonesian and Research Scholarships (179/E5/PG.02.00/PL/2023) and jobs at Pertamina
University (093/UP-WRP.1/PIJN/V11/2023 and 0044/UP-R/SK/HK.01/11/2023. We would also like to express
our thanks to all laboratory and field teams who have provided technical and analytical support in the
development and testing of this system.

REFERENCES

[1] X. Wang, T. Zhang, Y. Lou, and Y. Zhao, “All-inorganic lead-free perovskites for optoelectronic applications,” Materials
Chemistry Frontiers, vol. 3, no. 3, pp. 365-375, Feb. 2019, doi: 10.1039/C8QMO00611C.

[2]  S. Prayogi, Y. Cahyono, 1. Igballudin, M. Stchakovsky, and D. Darminto, “The effect of adding an active layer to the structure of
a-Si: H solar cells on the efficiency using RF-PECVD,” Journal of Materials Science: Materials in Electronics, vol. 32, no. 6, pp.
7609-7618, Mar. 2021, doi: 10.1007/s10854-021-05477-6.

[3] H.Wu et al., “All-Inorganic Perovskite Quantum Dot-Monolayer MoS2 Mixed-Dimensional van der Waals Heterostructure for
Ultrasensitive Photodetector,” Advanced Science, vol. 5, no. 12, p. 1801219, 2018, doi: 10.1002/advs.201801219.

[4] A.R. Darlis, L. Jambola, and T. Hadyansyah, “Light follower systems for visually impaired using visible light communication,”
TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 19, no. 1, pp. 9-18, Feb. 2020, doi:
10.12928/telkomnika.v19i1.16509.

[5] D. Hamdani, S. Prayogi, Y. Cahyono, G. Yudoyono, and D. Darminto, “The Effects of Dopant Concentration on the
Performances of the a-SiOx:H(p)/a-Si:H(il)/a-Si:H(i2)/uc-Si:H(n) Heterojunction Solar Cell,” International Journal of
Renewable Energy Development, vol. 11, no. 1, pp. 173-181, Feb. 2022, doi: 10.14710/ijred.2022.40193.

[6] P.-H. Tseng, Y.-S. Lai, C.-M. Huang, S.-Y. Tsai, and F.-H. Ko, “Aluminum-doped zinc oxide thickness controllable wavelengths
in visible light and high responsivity devices using interrupted flow atomic layer deposition,” Journal of Materials Science:
Materials in Electronics, vol. 35, no. 13, p. 922, May 2024, doi: 10.1007/s10854-024-12687-1.

[71 S.-M. Kim, J.-S. Won, and S.-H. Nahm, “Simultaneous reception of solar power and visible light communication using a solar
cell,” Optical Engineering, vol. 53, no. 4, p. 046103, Apr. 2014, doi: 10.1117/1.0E.53.4.046103.

[8] H. Sietal, “An innovative design of perovskite solar cells with AI203 inserting at ZnO/perovskite interface for improving the
performance and stability,” Nano Energy, vol. 22, pp. 223-231, Apr. 2016, doi: 10.1016/j.nanoen.2016.02.025.

[9] S.-T. Han et al., “An Overview of the Development of Flexible Sensors,” Advanced materials, vol. 29, no. 33, p. 1700375, 2017,
doi: 10.1002/adma.201700375.

[10] S. Prayogi, Kresna, Y. Cahyono, and Darminto, “Electronic structure of P-type amorphous silicon nanowires,” Physica Scripta,
vol. 98, no. 10, p. 105954, Sep. 2023, doi: 10.1088/1402-4896/acf89%.

[11] H. Wu et al., “Bandgap Tuning of Silver Bismuth lodide via Controllable Bromide Substitution for Improved Photovoltaic
Performance,” ACS Applied Energy Materials, vol. 2, no. 8, pp. 5356-5362, Aug. 2019, doi: 10.1021/acsaem.9b00914.

[12] S. Kang, K. W. Park, S. Ravindran, and Y. T. Lee, “Numerical analysis of p-GaAs/n-GaAs tunnel junction employing InAs
intermediate layer for high concentrated photovoltaic applications,” Journal of Physics: Conference Series, vol. 490, no. 1, p.
012178, Mar. 2014, doi: 10.1088/1742-6596/490/1/012178.

Visible light communication for rapid monitoring of environmental changes using thin film ... (Soni Prayogi)



38

a ISSN: 1693-6930

[13]

[14]

[15]
[16]

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]

[28]

[29]
[30]

[31]

[32]

[33]

[34]
[35]

[36]

[37]

[38]

[39]

[40]
[41]
[42]
[43]

[44]

G. Agranov, V. Berezin, and R. H. Tsai, “Crosstalk and microlens study in a color CMOS image sensor,” IEEE Transactions on
Electron Devices, vol. 50, no. 1, pp. 4-11, Jan. 2003, doi: 10.1109/TED.2002.806473.

A. Chaabna, A. Babouri, C. Huang, and X. Zhang, “Visible Light Communication System for Indoor Positioning Using Solar Cell
as Receiver,” International Journal of Energy Optimization and Engineering (IJEOE), vol. 8, no. 2, pp. 47-60, 2019, doi:
10.4018/1JEOE.2019040103.

Z. Xiao, W. Meng, D. B. Mitzi, and Y. Yan, “Crystal Structure of AgBi2I7 Thin Films,” The Journal of Physical Chemistry
Letters vol. 7, no. 19, pp. 3903-3907, Oct. 2016, doi: 10.1021/acs.jpclett.6b01834.

S.-M. Kim, M.-W. Bacek, and S. H. Nahm, “Visible light communication using TDMA optical beamforming,” EURASIP Journal
on Wireless Communications and Networkingvol. 2017, no. 1, p. 56, Mar. 2017, doi: 10.1186/s13638-017-0841-3.

K.-H. Kim, E. V. Johnson, A. G. Kazanskii, M. V. Khenkin, and P. R. i Cabarrocas, “Unravelling a simple method for the low
temperature synthesis of silicon nanocrystals and monolithic nanocrystalline thin films,” Scientific Reports, vol. 7, no. 1, p. 40553,
Jan. 2017, doi: 10.1038/srep40553.

H. Si et al., “Deciphering the NH4PbI3 Intermediate Phase for Simultaneous Improvement on Nucleation and Crystal Growth of
Perovskite,” Advanced Functional Materials, vol. 27, no. 30, p. 1701804, 2017, doi: 10.1002/adfm.201701804.

M. Khazaee et al., “Dual-source evaporation of silver bismuth iodide films for planar junction solar cells,” Journal of Materials
Chemistry A, vol. 7, no. 5, pp. 2095-2105, Jan. 2019, doi: 10.1039/C8TA08679F.

N. A. Kudryashov and D. R. Nifontov, “Exact solutions and conservation laws of the fourth-order nonlinear Schrédinger equation
for the embedded solitons,” Optik, vol. 303, p. 171752, May 2024, doi: 10.1016/j.ijle0.2024.171752.

V. Pecunia, “Efficiency and spectral performance of narrowband organic and perovskite photodetectors: a cross-sectional
review,” J. Phys. Mater., vol. 2, no. 4, p. 042001, Aug. 2019, doi: 10.1088/2515-7639/ab336a.

H. Zhu, M. Pan, M. B. Johansson, and E. M. J. Johansson, “High Photon-to-Current Conversion in Solar Cells Based on Light-
Absorbing Silver Bismuth Iodide,” ChemSusChem, vol. 10, no. 12, pp. 2592-2596, 2017, doi: 10.1002/cssc.201700634.

W. Ding et al., “A hybrid power line and visible light communication system for indoor hospital applications,” Computers in
industry, vol. 68, pp. 170-178, Apr. 2015, doi: 10.1016/j.compind.2015.01.006.

M. H. Elshorbagy, A. Cuadrado, B. Romero, and J. Alda, “Enabling selective absorption in perovskite solar cells for
refractometric sensing of gases,” Scientific Reports, vol. 10, no. 1, p. 7761, May 2020, doi: 10.1038/s41598-020-63570-y.

S. Prayogi, A. Ayunis, Y. Cahyono, and D. Darminto, “N-type H2-doped amorphous silicon layer for solar-cell application,”
Materials for Renewable and Sustainable Energy, vol. 12, no. 2, pp. 95-104, Apr. 2023, doi: 10.1007/s40243-023-00232-9.

J. Kokkoniemi, A.-A. A. Boulogeorgos, M. Aminu, J. Lehtoméki, A. Alexiou, and M. Juntti, “Impact of beam misalignment on
THz wireless systems,” Nano Communication Networks, vol. 24, p. 100302, May 2020, doi: 10.1016/j.nancom.2020.100302.

S. Prayogi, Y. Cahyono, and D. Darminto, “Electronic structure analysis of a-Si: H p-il-i2-n solar cells using ellipsometry
spectroscopy,” Optical and Quantum Electronics, vol. 54, no. 11, p. 732, Sep. 2022, doi: 10.1007/s11082-022-04044-5.

A. A. Qasim et al., “Visible light communication using new Flip-FBMC modulation system technique,” TELKOMNIKA
(Telecommunication Computing Electronics and Control), vol. 19, no. 5, pp. 1439-1449, Oct. 2021, doi:
10.12928/telkomnika.v19i5.18407.

S. Cai, X. Xu, W. Yang, J. Chen, and X. Fang, “Materials and Designs for Wearable Photodetectors,” Advanced Materials, vol.
31, no. 18, p. 1808138, 2019, doi: 10.1002/adma.201808138.

H. Jung and S.-M. Kim, “A Full-Duplex LED-to-LED Visible Light Communication System,” Electronics, vol. 9, no. 10, Art. no.
10, Oct. 2020, doi: 10.3390/electronics9101713.

L. Mujahidin and A. Kitagawa, “Ring slot CP antenna for the hybrid electromagnetic solar energy harvesting and IoT application,”
TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 21, no. 2, pp. 290-301, Apr. 2023, doi:
10.12928/telkomnika.v21i2.24739.

J. S. B. Perlaza, J. C. T. Zafra, M. M. Céspedes, |. Martinez-Sarriegui, C. I. del Valle, and J. M. S. Pena, “An Enhanced Method
for Dynamic Characterization of High-Power LEDs for Visible Light Communication Applications,” Electronics, vol. 11, no. 3,
Jan. 2022, doi: 10.3390/electronics11030292.

N. Katayama, S. Osawa, S. Matsumoto, T. Nakano, and M. Sugiyama, “Degradation and fault diagnosis of photovoltaic cells
using impedance spectroscopy,” Solar Energy Materials and Solar Cells, vol. 194, pp. 130-136, Jun. 2019, doi:
10.1016/j.solmat.2019.01.040.

H. Jung and S.-M. Kim, “Experimental Demonstration of 3 x 3 MIMO LED-to-LED Communication Using RGB Colors,”
Sensors, vol. 21, no. 14, Jan. 2021, doi: 10.3390/s21144921.

J. Sun, J. Wu, X. Tong, F. Lin, Y. Wang, and Z. M. Wang, “Organic/Inorganic Metal Halide Perovskite Optoelectronic Devices
beyond Solar Cells,” Advanced Science, vol. 5, no. 5, p. 1700780, 2018, doi: 10.1002/advs.201700780.

S. Yakunin, Y. Shynkarenko, D. N. Dirin, I. Cherniukh, and M. V. Kovalenko, “Non-dissipative internal optical filtering with
solution-grown perovskite single crystals for full-colour imaging,” NPG Asia Materials, vol. 9, no. 9, pp. e431—431, Sep. 2017,
doi: 10.1038/am.2017.163.

Z. Ahmad, A. Mishra, S. M. Abdulrahim, and F. Touati, “Electrical equivalent circuit (EEC) based impedance spectroscopy
analysis of HTM free perovskite solar cells,” Journal of Electroanalytical Chemistry, vol. 871, p. 114294, Aug. 2020, doi:
10.1016/j.jelechem.2020.114294.

V. Pecunia et al., “Perovskite-Inspired Lead-Free Ag2Bil5 for Self-Powered NIR-Blind Visible Light Photodetection,” Nano-
Micro Letters vol. 12, no. 1, p. 27, Jan. 2020, doi: 10.1007/s40820-020-0371-0.

D. E. Farfan—Guillén, P. De T. N. Junior, and A. De A. P. Pohl, “Performance Evaluation of a LoS Visible Light Communication
Link using an Optical Concentrator and a Plano-Convex Lens,” in 2021 Third South American Colloquium on Visible Light
Communications (SACVLC), Nov. 2021, pp. 01-06, doi: 10.1109/SACVLC53127.2021.9652389.

Q. Zhang et al., “Photovoltage Approaching 0.9 V for Planar Heterojunction Silver Bismuth Iodide Solar Cells with Li-TFSI
Additive,” ACS Applied Energy Materials, vol. 2, no. 5, pp. 3651-3656, May 2019, doi: 10.1021/acsaem.9b00366.

I. Turkevych et al., “Photovoltaic Rudorffites: Lead-Free Silver Bismuth Halides Alternative to Hybrid Lead Halide Perovskites,”
ChemSusChem, vol. 10, no. 19, pp. 3754-3759, 2017, doi: 10.1002/cssc.201700980.

K. W. Jung et al., “Silver bismuth iodides in various compositions as potential Pb-free light absorbers for hybrid solar cells,”
Sustainable Energy & Fuels, vol. 2, no. 1, pp. 294-302, Dec. 2017, doi: 10.1039/C7SE00477J.

Y. Kim et al., “Pure Cubic-Phase Hybrid lodobismuthates AgBi2l7 for Thin-Film Photovoltaics,” 10.1002/anie.201603608, vol.
55, no. 33, pp. 9586-9590, 2016, doi: 10.1002/anie.201603608.

J. Hiltunen et al., “Roll-to-roll fabrication of integrated PDMS—paper microfluidics for nucleic acid amplification,” Lab on a
Chip, vol. 18, no. 11, pp. 1552-1559, May 2018, doi: 10.1039/C8LC00269J.

TELKOMNIKA Telecommun Comput El Control, Vol. 23, No. 1, February 2025: 32-39



TELKOMNIKA Telecommun Comput EI Control a 39

[45]

[46]

[47]
[48]
[49]

[50]

M. de Oliveira, F. C. B. Tosta, D. E. F. Guillen, P. P. Monteiro, and A. de A. P. Pohl, “Theoretical and Experimental Analysis of
LED Lamp for Visible Light Communications,” Wireless Personal Communications, vol. 125, no. 4, pp. 3461-3477, Aug. 2022,
doi: 10.1007/s11277-022-09720-z.

A. Kharbouche, Z. Madini, and Y. Zouine, “Performance improvements of a VLC system, in a V2X context, using a different
multiplexing technique,” TELKOMNIKA (Telecommunication Computing Electronics and Control), vol. 21, no. 4, pp. 725-735,
Aug. 2023, doi: 10.12928/telkomnika.v21i4.24042.

Z. Hu et al., “Solution-Processed Air-Stable Copper Bismuth Iodide for Photovoltaics,” ChemSusChem, vol. 11, no. 17, pp. 2930—
2935, 2018, doi: 10.1002/cssc.201800815.

P. Singh, B.-W. Kim, and S.-Y. Jung, “TH-PPM with non-coherent detection for multiple access in electromagnetic wireless
nanocommunications,” Nano Communication Networks, vol. 17, pp. 1-13, Sep. 2018, doi: 10.1016/j.nancom.2018.05.001.

I. Dursun et al., “Perovskite Nanocrystals as a Color Converter for Visible Light Communication,” ACS Photonics, vol. 3, no. 7,
pp. 1150-1156, Jul. 2016, doi: 10.1021/acsphotonics.6b00187.

D. E. Farfan-Guillen, P. de T. N. Junior, and A. de A. P. Pohl, “Assessment of the Illumination and Communication Performance
of a Visible Light System in an Indoor Scenario,” Journal of Microwaves, Optoelectronics and Electromagnetic Applications, vol.
22, no. 3, pp. 360-378, Oct. 2023, doi: 10.1590/2179-10742023v22i3271533.

BIOGRAPHIES OF AUTHORS

Dr. Soni Prayogi Bd 12 is currently works as Electrical Engineering, Pertamina
University, Indonesia. He does research in materials science, condensed matter physics, and
applied science and engineering. He can be contacted at email: prayogi.sp@gmail.com.

Dr. Eng. Wahyu Kunto Wibowo, S.T., M.Eng. B 2 he received a Bachelor of
Engineering degree from the Electrical Engineering Study Program at Diponegoro University,
Semarang. Then he received a Master of Engineering and Doctor of Engineering degree from
the Interdisciplinary Program of Mechatronics Engineering at Pukyong National University,
Busan, South Korea. As work experience, he has been involved in several projects including
PLN Semarang customer satisfaction surveyor, automotive safety for power windows, electric
propulsion system for small ships, and others. He started joining Pertamina University in 2016
and is currently focusing on the areas of electrical machine control, energy conversion, and
high voltage engineering. He can be contacted at email: Wahyu.WKW@gmail.com.

Visible light communication for rapid monitoring of environmental changes using thin film ... (Soni Prayogi)


https://orcid.org/0000-0002-2996-5047
https://scholar.google.com/citations?user=TtiH8T8AAAAJ&hl=id&oi=ao
https://www.scopus.com/authid/detail.uri?authorId=57208276896
https://www.webofscience.com/wos/author/record/ABF-4117-2020
https://orcid.org/0009-0008-4233-542X
https://scholar.google.com/citations?hl=id&user=0Uk5QUEAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57190210642

