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Evaluation of Solar Panel Bandwidth for RGB
Channels in Visible Light Communication

R. A. Martínez-Ciro , F. E. López-Giraldo , J. M. Luna-Rivera , J. D. Rojas-Usuga , and
J. D. Navarro-Restrepo

Abstract—Visible light communication (VLC) is an emerging
technology that uses white light-emitting diodes (LEDs) to
transmit information and provide illumination simultaneously.
Recently, solar panels have been proposed as optical detectors
at the receiver to retrieve data from light signals. However,
very few studies have addressed the behavior of the solar panel
bandwidth at different wavelengths. In this paper, we propose
the design of a low-complexity VLC system with a red-green-
blue (RGB) LED transmitter and a solar panel receiver whose
bandwidth is modified using a parallel load resistor. We define
a set of experiments to validate the performance of the VLC
system using an RGB LED source and a solar panel as the
optical receiver. The VLC system’s performance is evaluated
across various baud rates (4800, 9600, 19200, 38400, 57600,
and 115200 bits/s) at a free space transmission distance of less
than 105 cm. Our measurements indicate that the solar panel’s
highest bandwidth is achieved with the red channel, yielding a
maximum data rate of 57600 bits/s at a bit error rate (BER) of
5× 10−3. These results are analyzed and discussed to highlight
the benefits and limitations of using solar panels for VLC
purposes.

Link to graphical and video abstracts, and to code:
https://latamt.ieeer9.org/index.php/transactions/article/view/8516

Index Terms—Visible light communication, Optical wireless
communication, Solar panel, RGB LED

I. INTRODUCTION

W ireless communication systems have significantly con-
tributed to the rapid economic growth and development

of modern society [1, 2]. However, the continuous demand for
higher data rates by mobile phones and other wireless devices
has led to spectrum shortages [3]. As a result, Visible Light
Communication (VLC) has garnered considerable interest as
an alternative technology to address spectrum scarcity [4].
The first VLC standard, known as IEEE 802.15.7, has been
proposed for the upcoming generation of optical wireless
communication [5]. VLC uses the visible spectrum to provide
wireless communications and illumination at the same time [6–
8]. This technology operates in the 400 to 700 nm range, is
highly directional, and offers a high level of physical link
security [6, 7]. The advantages of VLC systems encompass
a license-free spectrum, no radio frequency interference, a
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directional communication link, low-cost connectivity, and the
potential for high data rates [7].

VLC systems are composed of a light-emitting diode (LED)
as a transmitter and an optical receiver which can be imple-
mented using a photodiode (PD) [6, 9], RGB sensor [10], a
light-to-frequency (LTF) converter [11], a camera [12, 13], or
a solar panel [14]. The transmitter can use white LEDs or
RGB LEDs due to their low cost, high-performance energy,
and useful bandwidth, enabling the development of high-
speed data transmission VLC systems [15]. On the receiver
side, positive-intrinsic negative (PIN) PD is the most common
photodetector used in VLC systems. Additionally, the use of
PDs with RGB optical filters [16, 17], employing color-shift
keying (CSK) modulation can improve further the transmission
rate of VLC systems [18, 19]. Since a solar panel can directly
convert photon power into electrical current without requiring
an external power source, there is a potential opportunity for
this type of passive device to be also used as a VLC receiver.
The main advantage of using a solar panel as a VLC receiver
(Rx) is the simplicity of the receptor design, which removes
the need for a transimpedance amplifier [18–20]. Several stud-
ies have examined the design of solar panel-based receivers
for simultaneous optical wireless communication (OWC) and
energy harvesting [14]. In particular, some encouraging results
have been reported when a parallel load resistance circuit
is employed at the solar panel-based receiver [14]. These
results have proved the potential of VLC for future low
power applications in optical wireless communication. More-
over, the spectral efficiency of orthogonal frequency division
multiplexing (OFDM) was also adopted to enhance the data
rate of a VLC system based on the solar-panel receiver.
However, OFDM requires high-speed digital signal processing
(DSP) for modulation/demodulation processes. Therefore, an
important issue in the literature has been directed toward the
development of a low complexity VLC system with receivers
based on solar panels [21–24]. Moreover, understanding the
performance of solar panels using different light color channels
can be particularly advantageous for cost-sensitive Internet-
of-Things (IoT) networks. By identifying the most efficient
wavelengths for power conversion—explored in the context
of photo-luminescence modulation for optical frequency iden-
tification devices [21]—IoT devices can be optimized to
use fewer and smaller panels, significantly reducing hardware
costs. This is especially crucial in IoT applications where
device proliferation is high and operational costs need to be
minimized, such as in sensor networks for smart agriculture,
energy management systems in smart homes, and wearable
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health monitoring devices. The precise tuning to the most
effective wavelengths means not only lower initial setup costs
but also improved energy efficiency, leading to long-term
savings and sustainability benefits. Thus, our investigation
into the wavelength-dependent performance of solar panels
provides key insights for the economical and ecological design
of future IoT infrastructure.

This paper investigates the utility of a commercially avail-
able solar panel as an optical receiver within a VLC system,
employing RGB LEDs as the light source. Unlike previous
studies, such as reference [14] which focuses on using solar
panels for both data transmission and energy harvesting in
optical wireless communications, our primary goal is to char-
acterize the solar panel’s performance by analyzing its band-
width and spectral response to varying wavelengths emitted
by RGB LEDs. These LEDs offer the advantage of parallel
communication channels with minimal interference, a feature
not extensively explored in references [21–24], which cover
topics ranging from luminescent emissions to pre-distortion
techniques for performance enhancement. As the RGB LEDs’
optical power incidents on the solar panel surface, it enables
us to evaluate the spectral response of the optical signals
received by the solar panel [25]. We demonstrate that dig-
ital modulation, facilitated by an affordable microcontroller,
simplifies both modulation and demodulation processes. Our
approach diverges from the referenced studies by emphasizing
the relationship between different light wavelengths and the
VLC system’s performance, especially regarding data rates and
bit error rates, which is a novel aspect not covered in these
references.

The versatility of this approach is underscored by its com-
patibility with wavelength division multiplexing, broadening
potential applications to include access control, Internet of
Things (IoT) devices, indoor positioning, and audio streaming.
We present the evaluation of the solar panel bandwidth using
an RGB LED optical source, experimental demonstrations of a
VLC system based on the solar panel receiver using the OOK
modulation scheme, and the design of experiments to evaluate
the solar panel as a VLC receiver. These include determining
the optical-to-electrical response of the solar panel with multi-
color LED sources, measuring the frequency and bandwidth
responses at different wavelengths, and validating performance
in a VLC system with RGB LED channels.

Our findings reveal that the solar panel bandwidth varies
with LED wavelengths, achieving peak data rates with the
red channel. We offer an analysis of various baud rates over
a free-space transmission distance of up to 105 cm, using
universal asynchronous receiver/transmitter (UART) for serial
communication. The results not only indicate the optimal
pairing of RGB LED channels with generic solar panels for
OWC applications but also highlight the potential for low-
cost, low-bit-rate VLC applications. Future work will focus
on integrating energy harvesting with communication ser-
vices, enhancing RGB channel performance, refining analog
equalization techniques, and investigating wavelength-division
multiplexing strategies to maximize VLC system capacity.

The rest of this paper is organized as follows. Section 2 pro-
vides a general overview of the VLC system and solar panel-

based receiver model. Section 3 describes the methodology
implemented in this study: calculation of the OE response
of the commercial solar panel used for RGB LED optical
power source; measurement of the frequency response of the
solar panel receiver, and experimental validation of the VLC
system with a solar panel-based receiver. The overall results
and discussion are given in Section 4. Finally, the conclusion
will be presented in Section 5.

II. VISIBLE LIGHT COMMUNICATION SYSTEM WITH A
SOLAR PANEL-BASED RECEIVER MODEL

A. VLC System Model

Fig. 1 presents a block diagram of a standard white LED-
based VLC system. At the transmitter, the information data
signal passes through the modulator which is responsible for
the bias electrical current variation of the LED, it(t). The
white LED includes a blue LED with a bandwidth (BW)
of 12 MHz covered with a phosphor layer that degrades
its performance at 3 MHz [24–26]. The modulated light,
transmitted through a Line-of-Sight (LOS) optical channel,
propagates directly to the receiver without obstructions, en-
suring reliable data transmission. When the photodiode detects
incident optical power, Pt(t), on its photosensitive surface, it
generates a photocurrent, ir(t), proportional to the sensor’s
responsiveness R(λ) as a function of wavelength. This current,
which is corrupted by additive white Gaussian noise, n(t),
reflects the direct signal transmission afforded by the LOS
channel, a setup commonly adopted in laboratory experiments
for its simplicity and efficacy [26]. Such a relation is calculated
as:

ir(t) = Pt(t)R(λ) + n(t). (1)

For a more general optical wireless communication system,
the current ir(t) at the output of the photodetector can also
be expressed as follows:

ir(t) = R(λ)
[
it(t)

⊗
heo(t)

⊗
h(t)

]
+ n(t), (2)

where h(t) is the optical channel impulse response; heo(t)
denotes the impulse response of the LED circuit, it(t) is the
bias current of LED and

⊗
the convolution operator.

B. Solar Panel Receiver Model for Optical Wireless Commu-
nication

Solar panels are designed to use solar radiation to generate
electricity. Although some improvements in manufacturing
costs have helped make solar panels affordable, their efficiency

Fig. 1. Visible light communication system scheme based white LED
and PD.
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is still considered low [27]. In recent years, solar panels
have attracted significant interest in the literature for VLC
applications [22]. Therefore, the development of an efficient
and low-cost solar panel receiver for VLC has been an active
research topic. In [14], Wang et al. proposed the design of
a solar panel-based OWC receiver capable of simultaneous
communication and energy harvesting. Under this approach,
an equivalent model of the solar panel for communication pur-
poses is shown in Fig. 2. It includes the light-generated current
in the panel, that comprises a direct current (DC) component,
iDC , of the solar panel plus the alternating current (AC)
component, iPH(w), of the photocurrent collected by the solar
cells for communication purposes. The shunt resistor RSH and
capacitor C model the leakage current and internal capacitive
effects in the solar cells. Since a solar cell can be modeled
as a diode in parallel with a current source, the parameter
r defines the equivalent resistor model for the diode. The L
series inductor models the inductance of any wire connection
to the solar panel. Finally, the parasitic resistor RS represents
the voltage drop across the cell interconnections. We remark
that this communication system conveys information through
the output voltage v(w) of the load resistor RL where the
information is encoded on the AC component of v(w).

Consequently, and following the same analysis as in [14],
the frequency response of the solar panel circuit can be
calculated as:∣∣∣∣ v(w)

iPH(w))

∣∣∣∣2 =

∣∣∣∣∣∣
RL

RS+jwL+RL

1
r + 1

1
jwC

+ 1
RSH

+ 1
RS+jwL+RL

∣∣∣∣∣∣
2

, (3)

where w is the angular frequency and j =
√
−1.

III. EXPERIMENTAL DESIGN

The experiments were conducted in the laboratory under
controlled light conditions to reduce the DC component
induced in the solar panel by external light sources, and
because the AC component has a small variation compared
to the magnitude of the DC [14]. In our experiment, the AC
component is an important parameter to evaluate the solar
panel-based receiver for a visible light communication system.
The implementation consists of three different setups. Firstly,
we describe the experimental setup for measuring the optical-
to-electrical (OE) response of the solar panel at different
wavelengths. We considered exploring a commercial and low-
cost PV panel, such as polycrystalline. It should be noted that
temperature can also affect the performance of the solar panel
[28], but was not considered in this initial study. Experiments
were conducted in the laboratory at a controlled temperature
of 20◦C. Then, a second experiment is designed to evaluate

Fig. 2. Solar cell equivalent circuit model for OWC [14].

Fig. 3. Experimental setup to determine the optical-to-electrical
response of the solar panel.

the solar-panel bandwidth characteristics using an RGB LED
as a transmitter. Finally, experimental validation of a complete
VLC system with solar panel receiver is presented.

A. OE Response of the Solar Panel Receiver

Fig. 3 illustrates the laboratory experimental setup designed
to measure the optical-to-electrical conversion capabilities of
the solar panel with a physical area of 66 cm2 using a 5050-
RGB LED source. The bias current for the RGB LED, which
is critical for controlling the intensity of the emitted light, was
supplied by an EA-PS 3016-20B power source. Additionally,
a Fluke 117 multimeter was employed to accurately measure
this current, ensuring precise control over the LED’s operation.
The RGB LED was strategically positioned at a height of
5 cm from the solar panel receiver, optimizing the balance
between light intensity and distribution for effective VLC
system functioning.

The optical power emitted from each color channel was
quantified using an S120C optical sensor connected to a
Thorlabs PM100D optical power and energy meter console.
The solar panel, along with the Thorlabs PM100D, was placed
14 cm away from the RGB LED source, maintaining a Line-
of-Sight (LOS) optical channel. This configuration ensures
unobstructed light propagation and reliable power measure-
ment. The optical power measured at the solar panel’s surface
was consistently P0 = 10.6 µW , a parameter that remained
constant throughout our experiments for uniform testing condi-
tions. This optical power, P0, was directed to the TELEDYNE
oscilloscope for detailed analysis.Consequently, the solar panel
generated a voltage output directly proportional to the incident
optical power for each color channel, showcasing the direct
and reliable signal transmission characteristic of the LOS
optical setup used in our experiments.

B. Bandwidth Response of the Solar Panel for the VLC System

The experiment depicted in Fig. 4 was conducted to evaluate
and determine the frequency response of the solar panel when
used as a VLC receiver within a Line-of-Sight (LOS) optical
channel configuration. For this proof-of-concept demonstra-
tion, we utilized a 5050-RGB LED with forwarding voltages
of 2V , 3V , and 3V for the red, green, and blue channels,
respectively. We harnessed the RIGOL DG162 arbitrary wave-
form generator (AWG) to supply the precise AC waveform
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Fig. 4. Experimental setup to determine the bandwidth of a solar
panel with a physical area of 66 cm2.

that drove the RGB LED. This AWG, acting as a digital-to-
analog converter (DAC), possesses an analog bandwidth of
160 MHz and a sampling rate of 500 MSa/s, facilitating
the implementation of a frequency sweep for each RGB LED
channel individually. The VLC RGB light signals emitted
by the LED were then allowed to propagate across vary-
ing free space distances before being detected by the solar
panel, characterized by an operational voltage and current of
Vop/Iop = 6V/167 mA and an area of 66 cm2.

Subsequently, the solar panel’s output was fed into a Tele-
dyne WAVEACE 2032 real-time oscilloscope (RTO), function-
ing as an analog-to-digital converter (ADC) with an analog
bandwidth of 300 MHz and a sampling rate of 2 GSa/s. The
RTO captured the AC waveform of the light signal received,
which was subsequently analyzed on a personal computer
using Matlab. Through this process, the solar panel’s ability to
convert the energy of multi-colored light into a proportional
voltage was assessed. We determined the bandwidth of the
solar panel by measuring the voltage at the −3 dB point,
conducting this measurement both without a load resistor and
with varying load resistors of 1 kΩ, 5 kΩ, and 10 kΩ, each
having a tolerance of 1%.

C. Performance Validation of the Solar Panel Receiver for
Visible Light Communication System

Fig. 5 illustrates the experimental setup of the VLC system
utilizing a solar panel as the receiver. In this configuration, two
personal computers (PC1 and PC2) served as a pseudo-random
byte generator and for data recovery, respectively, with both
interfacing through Matlab. The data from PC1 were conveyed
via a serial communication interface adhering to the RS232
standard to the microcontroller. We employed commercially
available microcontrollers (ATmega328P, MCU1 and MCU2)
equipped with a 16 MHz quartz crystal and a Universal
Asynchronous Receiver/Transmitter (UART) for this task. The
output data from MCU1 were transmitted to a Linear Variable
Current Driver (LVCD), modulating the intensity of light
from the RGB LED, which then emitted signals through a
free-space optical channel. This channel ensured unobstructed
transmission of the lightwave signal to the solar panel, which
converted it into an electrical signal.

We methodically assessed the system’s performance using
red, green, and blue LEDs. The solar panel, specified in [14],
functioned both as a VLC receiver and for energy harvesting.
Following detection, a pulse reconstruction block within the
system regenerated the original electrical bitstream, which
MCU2 then relayed back to PC2 via serial communication.

Finally, PC2 decoded the received signal, and the data were
analyzed using Matlab, allowing for a comprehensive evalua-
tion of the system’s performance across the RGB spectrum.

Fig. 5. Experimental setup of the VLC using a solar panel as the
receiver. MCU: microcontroller unit, PC: Personal Computer.

Fig. 6. Proposed solar panel-based receiver for visible light commu-
nication. (a) Waveform measurement with a digital oscilloscope on
load resistor RL (1 kΩ) connected in parallel to the solar panel.
(b) Electrical signal conditioned with an operational amplifier. (c)
Original electrical bit stream regenerated by an Op-Amp comparator.

We used Matlab to design the pseudo-random byte generator
(data=1MB) in PC1. Then, the constructed data were sent
to MCU1 via UART communication using different baud
rates. We conducted the experiments with different baud
rates in a bit-serial format, specifically 4800, 9600, 19200,
38400, 57600, and 115200 bits/s under 105 cm free space
transmission distance. The visible light communication link
has been tested for each baud rate. First, we set a baud
rate of 4800 bits/s to the RGB LED via the LVCD driver
module and MCU1, which were then received by the solar
panel. The limited bandwidth response of the solar panel in
our experiments led to a degradation of the received electrical
signal. To mitigate this, the pulse reconstruction process for
the electrical bit stream from the solar panel receiver consists
of several critical steps. As depicted in Fig. 6a-c, the stages
are as follows: (a) Waveform Measurement, where we initially
capture the waveform of the light-modulated signal using a
digital oscilloscope across a load resistorRL (1 kΩ) connected
in parallel to the solar panel. (b) Signal Conditioning involves
using an operational amplifier (Op-Amp) to amplify and stabi-
lize the electrical signal from the solar panel. The final stage,
(c) Bit Stream Regeneration, employs an Op-Amp comparator
to regenerate the original electrical bit stream, converting the
conditioned analog signal back into a digital format, as seen
in the recovered modulated signal.

Fig. 6a shows the received distorted signal due to the effects
of charging and discharging cycles of the solar panel and
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the parallel load resistance (RL). The effect of the parallel
resistor RL (1 kΩ) with the solar panel has an impact on BW
of the system (in this case the solar panel) [14]. The BW
decreases with high RL values (> kΩ) and increases with
low RL values. However, for an adequate BW of the solar
panel with RL = 1kΩ, the waveform of the received signal is
distorted due to the slow charging and discharging effect of
the solar panel (see Fig. 6a). Besides, we can also observe the
DC baseline wandering issue. To reduce the DC baseline, we
used a capacitor (1 µF ) with input to an operational amplifier.
It was necessary to amplify the voltage of the electrical signal
with an operational amplifier (Op-Amp) (LM358P) (see Fig.
6b). The Op-amp was configured with a gain of 40 dBV and
a standard 5V power supply. On the other hand, the Op-Amp
comparator compared the analog voltage level of the received
modulated signal with the reference analog voltage level and
produced an output signal based on this comparison (the value
of the output voltage depends on the Op-Amp power supply
voltage). Fig. 6c illustrates the implementation of the Op-
Amp voltage comparator (with a reference voltage of 2.5V )
to regenerate the original electrical signal with an amplitude
between 5 (high) and 0 (low) volts. The voltage level of the
output is high when the reference voltage is greater than the
voltage of the bit-stream, and the voltage level of the output is
low when the reference voltage is below the voltage of the bit
stream. Finally, the reconstructed electrical signal was sent to
PC2 via a MCU2, and the bit error rate (BER) of the received
signal was analyzed using Matlab.

IV. RESULTS

This section provides information about the performance of
the solar panel-based receiver for the visible light communi-
cation system. Such information is presented in terms of the
solar panels OE and frequency response to each RGB channel.
During the experiments, there were no external sources of
illumination that could be received by the solar panel receiver.

Table I shows the solar panels OE response which is
compared to the optical power generated by the RGB LED
channels. The bias current through the RGB LED was adjusted
such that the incident optical power (Po) on the solar panel
was approximately 10.6 µW . The red-light of the LED was
the component that consumed the most forward current (IF)
and forward voltage (FV) for the same level Po. However,
it generated the highest solar panel voltage (SPV). It can be
observed that the wavelength of the red light increased the
solar panel’s OE response. This experiment was carried out
considering an open circuit solar panel (RL → ∞Ω).

TABLE I
SOLAR PANELS OE RESPONSE TO RGB LED OPTICAL

POWER

Variable Red LED Green LED Blue LED Symbol Unit
Forward Voltage 10.3 7 7 FV V
Forward Current 31.63 11.2 9.62 IF mA
Optical Power 10.57 10.59 10.6 Po µW
Solar Panel Voltage 2.213 2.189 2.114 SPV V

Table II lists the maximum-solar panel voltage (maxSPV )
for different RL values. The optical input power of the solar

TABLE II
MAXIMUM SOLAR PANEL VOLTAGES WITH RGB LED

SOURCE AND DIFFERENT RL VALUES

Variable Red LED Green LED Blue LED Symbol Unit
No RL 540 1020 880 maxSPV mV
RL 1kΩ 24 57.6 44 maxSPV mV
RL 5kΩ 104 292 226 maxSPV mV
RL 10kΩ 204 528 428 maxSPV mV
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(c) Blue LED channel

Fig. 7. Frequency response of solar panel for different RGB LED
channels and for various values of RL, in the range from 1 kΩ to
10 kΩ.

panel produces voltages of approximately equal magnitude.
Therefore, in equal conditions, the responsivity between the
RGB LED and the solar panel should be similar. Hence,
we remark that the different responsivity values of each
RGB channel show the viability of implementing multi-color
modulation schemes, such as CSK [18, 19], in a VLC system
with a solar-panel receiver.

The frequency response of the solar panel configuration,
presented in Fig. 4, was measured for different values of RL,
for each RGB LED channel. We have added a capacitor of
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1 µF at the input of the oscilloscope TELEDYNE to block
the DC component of the signal. Fig. 7 shows the solar panel
frequency response versus the optical power of the RGB LED
channels for different values on the load resistance RL. Note
that the points marked in Fig. 7 are for reference, since
the bandwidth was estimated at -3 dB for each frequency
response of the RGB channels [10]. The frequency response
is normalized and built with the maximum voltage generated
by the solar panel per frequency. The bandwidth response of
the solar panel depends on the load resistance RL and the
wavelength of the light source. This measurement was taken
for various values of RL from 1 kΩ to 10 kΩ. We can notice
significant effects on the communication performance of the
solar panel for each RGB LED. From the results in Fig. 7,
it is concluded that as the resistor RL (kΩ) increases, the
solar panel reduces its frequency response. Observe that the
response is better, in terms of solar panel bandwidth, for the
Red LED channel with 28.3 kHz (Fig. 7a) than the Blue LED
channel (Fig. 7b) and the Green LED channel (Fig. 7c) with
27 kHz and 23 kHz respectively.

We remark that the values for RL are different from those
used in [14] because the solar panel voltage was higher
(see Table II). Additionally, the solar panel output voltage is
proportional to the sensitive area and the efficiency of the cells
at some illumination levels [14]. Therefore, the low resistance
used in [14] is justified because of the larger area of the solar
panel (432 cm2) as compared to the solar panel area (66 cm2)
in this work. Hence, we highlight that the use of a larger solar
panel would affect communication performance. Moreover,
another disadvantage of such solar panels is that large physical
dimensions can also affect installations, therefore, it is not
convenient in those applications with hardware constraints.

Fig. 8 depicts the voltage response of the solar panel
when subjected to maximum bandwidth conditions and the
waveforms elicited by each light source. Notably, the red
LED, when paired with a 1 kΩ load resistor, exhibits a higher
bandwidth (as shown in Fig. 7a), although it results in a lower
maximum solar panel voltage (maxSPV), as detailed in Table
II. This leads to a reduced SNR, which is evident from the
waveform’s distortion attributed to the solar panel’s slower
charge and discharge rates (refer to Fig. 8a). The higher noise
observed in the red channel’s graph can be attributed to the
solar panel’s lower electro-optical response at this wavelength,
necessitating the use of a 1 kΩ load resistor to improve the
frequency response despite yielding a lower voltage signal.
Consequently, more precise tuning of the window comparator
was required to accurately reconstruct the electrical pulses for
the digital communication process. For the green and blue
LED channels, as illustrated in Fig. 8b and Fig. 8c, the solar
panel’s bandwidth decreases, yet the voltage signals for these
channels are less distorted. This lower distortion is beneficial
for the communication system’s performance since voltage
distortion can adversely affect the accurate estimation of the
received information signal necessary for the demodulation
process.

The other relevant solar panel application in OWC is in
energy harvesting mode. In this case and according to Table
II, we recommend using the green LED channel and not using

(a) Red LED channel

(b) Green LED channel

(c) Blue LED channel

Fig. 8. Solar panel voltage response for maximum bandwidth and
RL = 1 kΩ.

the RL resistor. However, it is interesting to note that in terms
of solar panel bandwidth, it was lower for the green LED
channel compared to the other channels.

The maximum data rate achieved experimentally with OOK
modulation is presented in Fig. 9. We evaluated the bit-error-
rate (BER) performance of the proposed solar panel receiver-
based VLC system with each RGB channel and parallel
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Fig. 9. Measured BER performance with each RGB channel of the
proposed solar panel receiver-based VLC system with a parallel
resistance RL = 1 kΩ at different data rates.

resistance RL = 1 kΩ at different data rates. The distance
between the transmitter and the receiver was 105 cm. From
Fig. 9, we can observe that, at a data rate of 4800 bits/s, a
BER of 1.1×10−4 can be achieved for all the channels. When
the data rate is increased to 38400 bits/s, BER of 2× 10−3,
4 × 10−3, and 6.2 × 10−3, can be obtained with the red,
green, and blue channels, respectively. We can also see that the
maximum data rate is limited by the low bandwidth of the solar
panel (28.3 kHz with the red channel and RL = 1 kΩ, see
Fig. 7a). Nevertheless, we consider that having a solar panel
as a VLC receiver with a small RL(< 1 kΩ) improves the
frequency response and data rate of the VLC system, however,
this affects the signal-to-noise ratio (see Fig. 8a).

V. CONCLUSIONS

This paper presents an evaluation of the bandwidth of
a solar panel-based receiver for RGB LED channels in a
visible light communication system. We proposed a method to
identify the optical-to-electrical response and bandwidth of a
solar panel under different wavelengths. Adopting this method,
we determined that the bandwidth of the solar panel-based
receiver is higher when using parallel load resistors of low
value and a red-light source as the transmitter. The maximum
bandwidth of the solar panel was 28.3 kHz, 23 kHz, and
27 kHz for the red, green, and blue LEDs, respectively.
With this configuration method, the solar panel produced low
voltage levels, and, as a consequence, the resulting signal-
to-noise ratio became smaller. It could have an impact on
the speed of the VLC system, but we consider the latter
to be functional because the target applications are for low-
data-rate scenarios; therefore, the bit rate is not critical. Our
experimental results show that the solar panel can achieve a
transmission speed of 57600 bits/s and a BER of 5 × 10−3

with the red channel at a free space transmission distance of
105 cm. Thus, we conclude that RGB LEDs can increase the
energy generation and communication capacity of solar panels.

The proposed structure has the potential to enable VLC
applications with low-cost and low-rate architectures such as
sensor networks, indoor visible light positioning systems, and
music streaming. As solar panels become more affordable and
easy to integrate with wearable devices, their integration into
VLC systems will eventually allow for more energy-efficient

visible light access control systems. Future work could address
three topics related to the duality of the use of solar panels:
(1) energy harvesting using RGB light sources; (2) bandwidth
improvement of solar panel receivers for VLC systems; and (3)
integration of wavelength division multiplexing (WDM) with
RGB LED to improve performance and reduce the negative
effect of noise.
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