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Over the past decades, the demand for high-speed data transmission has grown
exponentially, necessitating broadband technology integration to satisfy the
emerging data-hungry society. This concern has engendered the proposition of a
simplified optical wireless transceiver module using off-the-shelf electronic
devices. According to the transistor to transistor logic levels, the transmitter
module was made up of a single negative-positive-negative (NPN) transistor
operated as a switch to drive an off-the-shelf 12V 5W light-emitting diode
(LED). In contrast, the receiver was made up of a photodetector (solar) module
for photons detection and back-conversion to electrical signals. The received
signal was passed through a four-stage amplification process to remove the
ambient noise and retrieve the data signal. The last transceiver module was
demonstrated using personal computers. It was observed to perform at different
optimum points consistent with exposure to fluorescent light, daytime, and
night-time operations consequent upon the induced ambient light interference
at data rates constrained by the communication device interface.

1. INTRODUCTION

counterpart, which has been well exploited for
communication purposes due to its wide-area coverage,
capacity, and evolved interference mitigation techniques

Wireless communication has gradually evolved over the
years and has become the mainstay for global convergence
relative to increasing broadband infrastructure demands.
Visible light is a promising band in the electromagnetic
spectrum, which occupies the terahertz {requency range
with adequate bandwidth and capabilities for broadband
integration [1-3]. Compared with its radio frequency

[4][5], the visible light spectrum has been under rigorous
investigation. However, its potential has never been fully
exploited due to conventional light sources' inability to
handle rapid modulation [6]. The advent of the Light
Emitting Diode (LED), particularly the first white LED,
opened up an entirely new range of possibilities in Visible
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Light Communication (VLC) and brought it to the
forefront of research. The VLC system [7] has resulted in
throughputs up to gigabits per second in offline networks
[8-10] due to the adoption of high-end digital signal
conditioning techniques in the domain of multicarrier
schemes. Since the research community is yet to record a
significant breakthrough in hardware support for such
methods within the wireless optical field in online
applications, single-carrier systems are being investigated
for capacity enhancement within small cells [L1]. The
most basic process of sending and receiving data signals in
VLC involves modulation, driving the light source,
detection, and demodulation to retrieve the transmitted
data.

In a study, a pulse width modulation system has been
successfully investigated [12]. The single carrier (SC)
system was specifically designed to transfer texts between
two Personal Computers (PCs) and achieve up to 1.5 kbps.
As a point to point, the system was in view, an increase in
the receiver's angle reduced the modulation accuracy. The
transmitter side had an analogue front end consisting of
high-power white phosphorus LED capable of limiting the
sufficient bandwidth due to the yellow phosphor's slow
response. An improvement in throughput was recorded in
[13], using QAM (quadrature Amplitude Modulation), a
variant of the PAM (Pulse Amplitude Modulation). The
model adopted high-power white phosphorescent LED
module (OSTAR LE CW E2B) in the transmitter front
end, which is critical when considering energy-efficient
modules. A signal amplification-based transceiver for
optical wireless communication was proposed [14]. The
design utilized a laser diode and an amplification circuit
for signal transmission while photodiode and an
amplification module for signal reception. Although the
authors were able to achieve device-to-device
communication using VLC techniques, it was reported
that the achievable data rate could be limited due to the
interfaces and therefore proposed the design of propriety
VLC-based interfaces. Other attempts in optical single
carrier implementations have been well validated in [15]-
[23] with a trade-off between the transceiver design
complexity and performance metrics. Attempts in
minimizing the design complexity by implementing a
simplified design using off-the-shelf electronic devices
have engendered the model presented in this work.

2. RESEARCH METHODOLOGY

The experimental setup is as shown in Figure 1,
detailing the wireless optical transceiver module's
implementation. The data supplied from the PC was fed
into the USB to serial converter, which acts as an interface
between the source of the PC data and the circuit and
converts the data from the PC into a signal that could be

modulated for transmission. The modulation method was
achieved by intensity modulation (IM) via the LED
switching using transistor Q1 shown in Figure 2. This
switching method gave rise to the on-off keying (OOK)
technique of the LED transmitter front end, as depicted in
the LED driver module shown in Figure 2.

The photodiode directly detected the emitted
photons and produced currents corresponding to the
transmitted signal. This signal was then amplified, shaped,
and demodulated for data recovery.

| Transmitter Module |
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| Serial

—>| Modulation |—>| LED driver |!
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Figure 1. Transceiver Block diagram.

A significant limitation in implementing VLC
systems was ambient noise within the system channel
capable of degrading the received signal. For the
application to be functional, there must be a way to filter
the effect of noise. The adaptive minimum voltage removal
technique proposed in [23][24] was implemented. A
proteus simulation was run at every stage to ensure the
validity of the circuit subsections. The encoder was the
Max232 IC, which converts the USB (Universal Serial
Bus) to Serial (RS232) input to TTL (Transistor-
Transistor Logic) signal levels. The TTL output was a
unipolar non-return to zero (NRZ) line coding format,
which encodes a positive voltage as bit 1 and zero voltage
as bit 0. In a similar tone, the parity in the serial
transmission protocol could allow for single error
detection. Therefore, it was expected that a more
sophisticated error detection and correction coding
scheme could be implemented to improve the overall
performance of this proposed design in future work. The
USB to Serial converter and the Max232 was not included
in the circuit simulations. A mock circuit was simulated
and tested with serial data generated by the virtual terminal

on proteus shown in Figure 2.

Figure 2. Transmitter circuit.
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The major component of the LED driving circuit is
the transistor, as seen in Figure 2. The pulse signal from
the MAX232 IC turns the transistor on and off according
to voltage levels. The received signal then undergoes a
four-stage process to retrieve the data after photodetection.
The amplification block is divided into four sections,
shown in Figure 3, while the receiver module's circuit
realization is displayed in Figure 4.

M "
Non-inverting nimum Differential Non-
—» Voltage level . > .

Amplifier inverting

detector

amplifier

Figure 3. Amplification block.

The voltage output characteristic of the
photoreceptor was used due to ease of measurement. The
op-amp circuit configuration produced an amplified
output signal of the voltage input obtained from the
photodetector.
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Figure 4. Receiver circuit.

The part labelled A in Figure 4 is the non-inverting
amplifier stage of the receiver circuit. The node between
the feedback resistor RF and R1 has a voltage indicated by
v:

Therefore, the gain becomes:

7 R1+R

=TTl ®)

For the minimum voltage detector shown in the
labelled part B of Figure 4 to be functional, the capacitor
Cl is essential. It acts as a memory element to store the
minimum voltage. The voltage measured across the
capacitor is the same as the voltage measured across the
operational amplifier's inverting terminal. In the design,
an NPN transistor is connected between the non-inverting
terminal and inverting terminal of the operational
amplifier. The capacitor's charging rate depends on the
capacitance of Cl and emitter currents of both Q1 and
Q2. If the amplitude of the voltage at the non-inverting
terminal is below the voltage level at the inverting
terminal, Ql's emitter current must be of greater
magnitude than Q2's to ensure that the capacitor
discharges instantaneously; therefore, the current-limiting
resistor connected to Q2 must have high resistance. If the
non-inverting voltage is greater than the inverting voltage
of the operational amplifier, Q1 is switched off, and Q2's
emitter current must maintain a threshold value such that
the voltage across C1 does not exceed or drop below a one-
bit duration of the input signal voltage. The value of the
battery Vs and capacitor C1 had experimented within the
proteus design environment before the optimum values
were selected. The differential amplifier stage shown in
part C of Figure 4 can be used to find the difference
between the two voltages. As used here, it subtracts the
offset voltage, the minimum voltage stored by capacitor
Cl. Assigning V; to be the minuend and V; to be the
subtrahend, the output voltage Vj, can be expressed as a
relationship between the values of the resistors.

Vi-v~ v2-vt V7 —Vo

v =v, () o T T = ©)
V, = Rl’i—lRf X Vout (2) At the Summing Points, Eqn. (3) holds.
In a negative feedback configuration, And by voltage division,
+ _ - . + _ R3
V* =V~ (due to avirtual short) (3) = s < V2 (10)
Therefore, If V, is zero, then,
+ = R4
vt =V, (4) Vooy = V1 (11)
and also,
V= ="Va ) If V is zero, then,
R3 R4+R1
By combining (1) and (5), we obtain: Vorry = V2 RtRz < R1 (12)
V.=V (6)
* " Therefore,
Hence, (2) becomes: Vo ==Voo) + Vo (13)
Vo= —V1Z 4y BB KR (14)
1 R1 R3+R2 R1
in = m X Vout )
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If

R1=R2=R3=R4 (15)
Then,

Vo =V2-V1 (16)

The optical wireless receiver module for single carrier
modulation, combining the specific modules for the

reception process, is shown in Figure 5.

Figure 5: Receiver Test circuit.

3. RESULTS AND DISCUSSION

As the circuitry has no drivers with which the
computer could interact, it was necessary to find an
interface between the PC and the circuit. The most
straightforward approach was to use a USB to Serial (TTL)
converter. A USB to TTL converter is a device which
converts information signal from the USB port to signals
that can be processed by transistor base devices and other
devices. The line of devices considered for implementing
this research was the FTDI (Future Technology Devices
International) chipset. The model used was the FT232r
device. An NPN transistor was used as the control switch
to modulate the transmitting LED. The base resistor
required to push the transistor into saturation mode with

the 5W LED was estimated by,

2

power = % (17)
where V= voltage requirement

and R is the inherent Resistance of the LED

The calculated resistance was 28.8 ohms

The LED's inherent resistance was determined using
the power — resistance relation, with power and voltage
values of 5W and 12V, respectively. The base resistor
required to enable an NPN transistor pulse driver was

calculated.
where Vg is the Base Emitter Voltage
Ve is the power supply voltage
I, is the collector current

I, is the base current

Ie =2 when Ve = 0 (18)

I, =Ic/B (19)

where f is the current gain which is 100 for the
2N2222A model;

Since I, = 0.41667A, I, = 0.0041667A

For this investigation, the transistor was required to
be in the ON-state when the bit level is high (5V),

therefore,
when V; = 5V
For silicon transistors

0.0041667 = (5v — 0.7)/ max base resistance
(20)

For the transistor to be ON, the maximum base
resistance required for the transistor to be in a high state is
1032 ohms. The experimental validation used to verify the
circuit's logic was bread-boarded, as shown in Figure 6.
The link parameters are shown in Table 1.

Table 1. System Parameters for the Transceiver

VLC Link.
Parameters Values
Source Location of LED (0,0,0)
Transmitted power <5W
Receiver Distance <15cm
Active Area 6 cm?
Half-angle FOV 60

Figure 6. Transceiver testing.

Figure 7. Transceiver Setup.
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Figure 7 to Figure 8 shows the single carrier optical
transceiver module's outcome and its implementation for
data communication between two Personal Computers
(PCs) on a point-to-point link.

Figure 8. PC to PC Data Transaction.
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Figure 9. Error rate response during night time.
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Figure 10. Error rate response during day time.
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Figure 11. Error rate response under fluorescent light
environment.
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Figure 12. Comparison of Error Rate Response under
different Ambient Light Conditions

Figure 9 to Figure 12 depicts the error rate response
at varying baud rates under diverse ambient light
conditions. Under ambient night-time light, the error-free
transmission was achieved up to 256,000 baud rates as
summarized in Table 3. The bit error rate (BER) response
relative to increasing signal to noise ratio (SNR) is shown
in Figures 9 to 12, respectively. The BER response is
closely related at diverse baud rates as the transmitted
signals were received undistorted due to the absence of
ambient interfering sources at night-time. The effects of
ambient daylight and florescent light were seen to have
degraded the effective transmission rate considerably
relative to high BER at lower SNR values. The BER
response improves at higher SNR up to 15dB, as depicted
in Figures 10 to 12. Tables 2 and 4 provide a summary of
the system performance under interfering light sources.
Generally, the BER response is seen to deteriorate at higher
baud rates irrespective of the operation mode for the
apparent reason of having more bits constrained within the
single wideband channel. Hence, with a proper ambient
noise shielding effect, the transmission process can be
enhanced for improved transmission performance
irrespective of the days' time.
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Table 2. Effect of Ambient light on baud rate

during the daytime.
Baud Rate  Text sent Remark
600 This is a test The text was received successfully
1200 This is a test The text was received successfully
4800 This is a test There were errors in the received

text

Table 3: Effect of Ambient light on baud rate
during night-time.

Baud Rate  Text sent Remark

600 This is a test The text was received successfully

1200 This is a test The text was received successfully
. There were errors in the received

4800 This is a test

text

Table 4: Effect of Ambient light on baud rate

under fluorescent light.

Baud Rate  Text sent Remark

600 This is a test While the tests were received
successfully, there was always noise

being computed during idle times.

1200 This is a test While the tests were received
successfully, there was always noise

being computed during idle times.

4. CONCLUSION

This research has presented a simplified circuit
model for visible light communication by implementing
intensity modulation/direct detection (IM/DD) using an
off-the-shelf LED and a photodetector. The error-free
transmission is achieved during the night-time season at an
average BER of 0.125 at 15dB SNR at diverse baud rates
due to the absence of interfering light sources. Under
fluorescent light exposure and daytime operation, the
system performance is seen to have degraded with an
increase in the average BER response of 0.162 and 0.139
at 15dB, respectively. The transceiver module could be
adapted for communication in application areas where
external ambient light sources could be avoided, such as
wireless sensor communication in tunnels, mines, and
downhole exploration in the oil and gas field.
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