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Abstract:Optical Line of Sight Communication (OLSC) is considered to be future wireless communication
technology. OLSC may be used to replace the existing radio frequency communication system and to overcome
demerits due to resembling data transmission speed, security and health hazards. OLSC uses high illuminating
LEDs as a source of light as well as a communicating source at the same time. To achieve high speed
communication in OLSC, using various modulation techniques such as Pulse Width Modulation (PWM), Pulse
Position Modulation (PPM) and Orthogonal Frequency Division Multiplexing (OFDM) may be used. In this
paper, we propose an optical light communication scheme (OLCS) data transfe using PWM technique for point
to point (PC to PC) communication. To evaluate its performance, several tests were conducted based on the
parameters such as data transmission (different baud rates), transmitter and receiver distance analysis using
different wavelengths of LEDs based on the transmitter and receiver’s angle of view. Additionally, we measured
the PC to PC communication system performance which resulted the data transmission distance of 3.2 meters at
38400 baud rate and with less bit error rate (BER) 10 without affecting the lighting function.

Keywords: Optical Line of Sight Communication, Pulse width modulation, wavelength, point to point
communication, data transmission.

I.  Introduction

Visible light communication (VLC) is one of the fastest improving technology in wireless
communication systems. Due to its technological importance scientists and researchers are successfully working
on the projects such as European OMEGA project [1], Visible Light Communications Consortium (VLCC) [2-
3] and the Wireless World Research Forum (WWRF) [4] etc. High speed communication [5-6], parallel
transmission, sophisticated modulation and demodulation methods [7-8], improving the channel capacity [9-10],
etc. are the challenging objectives of this research field. The new trends and improved versions of LED
technology enables LED to be twinkling at high speed with more brightness which could be used for
illumination as well as communication sources [11]. In future LEDs may be substituted by traditional house and
office light sources to overcome the high energy consumption, shorter lifetime and health hazards. VLC with
white LEDs have stimulated the wireless communication attention globally.

Universal Serial Bus (USB) Interface is a well-known interface for the computer communications. It
matches with almost all devices to be able to connect with a compact data acquisition module, computer and
sensors directly. VLC with a variety of real time applications in short- range transmission scenarios is promised
to enter into people’s daily life. The channel between two computers via VLC has already been achieved in [12-
13], whereas RS-232 protocol or RS-485 protocol is used to connect visible light module with a PC. Design of
an integrated optical receiver using USB interface is introduced by Burton et al. [14]. The data rate and
transmission distance can be certainly improved by increasing the number of LEDs and adopting different
modulation schemes. An application scenario for the developed system is indoor short distance wireless
transmission, where LED with communication function is enveloped as a desk lamp and when turned on, data
stream flows wirelessly in both the ways.

In this paper, a point to point data access system is design based on computer USB port and using 1
watt white and red color LEDs. We demonstrate the basic visible light access network using different baud rates.
Hyper Terminal and microcontroller programming are used to achieve the transmission of data signals between
two PCs with the distance of 60 cm. By considering the background research work on this systems, the present
study was developed. Wang Jia-yuan et al. [15], experimentally showed that the data transmission speed
achieved was 111.607 kbps for indoor wireless communication distance and can be reached 1.5 meters. In a
study conducted by Liwei Ding et al. [16], full duplex VLC system to transmit data, audio and video signals
between two computers using USB bridge circuit CH340 and white LED with the speed of 2 Mbps, and
demonstrated the relationship between system transmission eye diagram and bit rate.  Angga Pradana et al.
[17], implemented the VVLC system using pulse width modulation (PWM) technique to run the text data from PC
to LCD. By Measuring the PWM accuracy, distance and angle of view between transmitters to receiver. In a
study performed by Angga Pradanaet al[17], line of sight communication system which obtained was 920 bps
data transmission speed and 10™ bit error rate (BER). Sung-Man Kim et al. [18], developed the half-duplex
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VLCsystem using a led as both a transmitter and a receiver source using different color LEDs. Kaiyun Cui et
al.[19],discussed the important issues on practical line of sight (LOS) influence in optical wireless
communication and implemented the VLC system using RS232 interface technique, which can operate 3.5
meters horizontal and 1 meter vertical distance by the data rate of 115 Kbps.

Il. System Design

The transmitter PC (Tx-PC) is used to transmit the data stream in ASCII standard. The FT232R driver
is used to allow interface the Tx-PC for converting serial UART (TTL level) datato serial data communication.
USB signal after conversion has a 3.3V peak-to-peak voltage value. These serial data stream is then sent to
transmitter microcontroller (Tx-UC) for framing the serial data and fed to transmitter front end circuit (Tx-FEC).
The Tx-FEC circuit consist of digital signal modulator (DSM) and LED driver circuit. The digital signal
modulator mix the data stream i.e. received the data from microcontroller with carrier signal. The LED driver
circuit will toggle the high power LED according to the modulated data and transmits to optical wireless
transmission channel. PWMtechnique for Intensity modulation (IM) and line of sight (LOS) scheme is chosen
for the widely reception in VVLC research.
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Figure 1.Proposed system transmitter and receiver design

The data will be received by the Si PIN photodiode in the receiver. The information contained in the
light is converted into electrical signals. The output signal from the photodiode may affect the noise from
attenuation and distortion caused by the channel as well as the influence of photodiode optical nonlinearities
characteristic. The received optical signal is sent to receiver front end circuit (Rx-FEC). It contains a custom
amplifier LM324 for recovering the electrical signals and DSM to separate the data and carrier signals. A
receiver microcontroller (Rx-pC) can decode the data and send to receiver PC through UART to USB converter.
The proposed transmitter and receiver system design is presented Figure 1.

I11. Hardware Design
The transmitter, Tx-FEC comprises digital signal modulator and LED driver, while at the receiver Rx-
FEC consists of an amplifier, signal conditioner and digital signal modulator. The technical specifications of the
white LED, LED driver and photodiode used in our experiment are shown in Table I.

Table-1. Technical components specifications of LED, LED driver and Photodiode
Component Specifications

High power LED Voltage rating: 9-12V

Power: 1W

50% Power Angle: 140°

Luminous intensity: 80-90 Im

Wavelength: 400-650 nm

LED Driver IRF 3205 Fast Switching speed: 50 KHz approximately

Power Dissipation 200 W

Pulse width = 400us; duty cycle = 2%.

Photo Diode Spectral response: 320-110 nm

Rise time: 1.8 ps

Photo sensitivity (Ap): 0.6 A/W

3.1 Transmitter

At the transmitter side, the LED driver is used to control the LEDs for On-Off switching according to
the modulated data signals by a DSM. The schematic diagram of LED driver circuit is shown in Figure 2. This
circuit has the advantage that, while being simple, it can be fast switching speed so, quickly turn on and turn off
the MOSFET.
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Figure 2. Transmitter front end circuit schematic diagram
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Figure 3. Receiver front end circuit schematic diagram

When the MOSFET is ON, Vgs = Vin - 0.7V means when DSM output is 5 volts, the MOSFET will be
turned on at 4.3v only instead of 5V. This 4.3V is enough to fully turn on the MOSFET and when DSM output
is zero, MOSFET will be turn OFF. Transistor Q2 and Q3 and is used to amplify the voltage at the output of the
DSM, whereas MOSFET QL1 is used to amplify the current.

3.2 Receiver

The analog circuit at the receiver side is used to condition the output signal from the photodiode since
the output signal of the photodiode will experience attenuation and distortion. For the output of the photodiode
is electrical current, Transimpedance amplifier is necessary to convert the current into a voltage. Current to
voltage converter is made by the op-amp LM324. The schematic circuit diagram of receiver front end circuit is
shown in Figure 3.0nce converted into a voltage, this signal is fed to the comparator to overcome the distortion
in the signal. Potentiometer can be tuned manually to set the comparator threshold. The output of the comparator
is then connected to the DSM to extract the carrier and data signal. Then the demodulated signal is transmitted
to Rx-uC reframing the data to send to the Rx-PC.

3.3 Digital signal modulator
In the DSM, modulated output signals are generated by performing a logical AND operation of both
the carrier and modulator signals (from Tx-puC)which are provided to the output pin and is called pulse width
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modulation (PWM). The main advantage of this circuit is user friendly. The output ofDSM is to connect any
other external circuit for further development and use without changing the DSM program.

IV.  Software Design
All the computers power supply is supported with the 5V DC from USB port. The USB driver software
of FT232L firstly installed on PC before being connected to a transmitter and receiver. After transmission baud
rate being set and Com port being selected in Hyper Terminal, which is a communication tool available in
computer’s self-carried enclosures, PC treats the transmitter and receiver modules as a visual serial port via
which text data can be transmitted. The program is designed for transmitter and receiver microcontrollers and
DSM. The hardware setup is illustrated in Figure 4.

Figure 4. Illustration of practical hardware setup

The Embedded-C program is designed on Tx-uC consists of data buffer, data conversion from ASCII
into the bit stream, data framing for synchronization, and data modulation is done by DSM microcontroller. The
modulated data is then connected to the LED driver. The data packet is received when the start bit starts
detecting and the data reception process will be terminated when the stop bit is detected. The data packet is then
demodulated and converted into ASCII characters which displays on the receiver PC.The transmission between
two computers using Hyper Terminal is shown inFigure 5.

V. Test and Analysis
Several tests were performed in this experiment. To ensure that the front end circuits works properly,
we observed the pulse shape at the Tx-FEC and Rx-FEC. This test is important to examine whether the signals
from the transmitter can be received by receiver so that the following process is feasible to be performed. Other
testing parameters such as transmitter and receiver distance, the angle of position is varied to determine the
effect to the modulation accuracy. Bit error rate (BER) is calculated to measure the performance quality of data
streaming test.
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5.1 Hardware Test

The front end circuits are tested by passing data signals at the transmitter and observing the shape of
the pulse at the receiver. Figure 6 showstransmitted data signals at the Tx-FEC and the output of the Rx-FEC.
The Tx-FEC is modulated the data signals and send to optical free space via LED driver. The Rx-FEC circuit
photodiode receives the data signals and will to condition the signal and demodulatesinto an exact dataformat
with the compensation on delay effect between the transmitted and received pulses, as shown in Figure 6.
However, the delay time is very small10-50 ps, hence, can be accepted or ignored.
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Figure 6.Delay between transmitter and receiver DFE

5.2 The Effect of Distance

Obviously, as one kind of wireless communication, VLC must also be able to provide data
communication with high mobility to the user. One of the parameters that determines the mobility is the distance
variable between the transmitter and receiver. In general, we can conclude that the longer the distance between
LED and PD, the modulation accuracy gets worse. This is due to the fact that, longer distance will make PD
receive diminishing light intensity. In this experiment we usedone watt red and white colour LEDs to transfer
data. The red colour LED, due to its high wavelength (620-630 nm) and luminous intensity (20-50 Im) transmits
the data signals up to 65 cm without error at 38400 baud rate.But it was found to be 38400 baud rate at 45 cm
distance without error with white LED.

5.3 Effect of Receiver’s Angle of View

Another parameter to support high mobility is the varying angle (position) of the light reception. In the
previous tests, the position of the LED and PD are in a straight line LOS with zero angle. In the present case, the
angle of photodetector reception is changed from 0 ° to 60°. From the test results the rising in the reception angle
does not always lead to a decrease in accuracy. This is due to the fact that the multipath effect is not only
influences by this configuration (compared to LOS configuration), but also, the environmental conditions.
However, in general, increasing the angle of view will worsen the modulation accuracy.

5.4 Baud rate vs. distance performance

Table-11 clearly shows that, the speed of the simplex channel is related to the distance of the transmitter
using white LED and the Photodiode at receiver. For a faster baud rate and with no errors we need to decrease
the distance (i.e., 38,400 Baudrate) for almost 45 cm. If we increase the distance, we need to reduce the baud
rate (i.e. 9600 Baud rate) for almost 60 cm.

Table-11. Transmitter and receiver distance vs. baud rate performance

Baud rate Max Distance for tolerablebit errors (cm)
9600 60
19200 56
28800 49
38400 45

V1. Conclusions And Feature Work
We developed a PC to PC data communication using optical wireless system prototype to achieved the
transmission between two computers using different wavelengths of light LEDs using PWM technique with
different baud rates.The red colour LED, transmitted the data signals up to 65 cm without error at 38400 baud
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rate.But it was found to be 38400 baud rate at 45 cm distance without error with white LED, and achieved the
very small amount of the delay is 10-50 ps.To achieve longer distances, the more optimizing circuit designs
with optical lenses, efficient coding method, advanced modulation techniques and mechanism for correcting
errors will be considered to improvement the transmission system in our future work.
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