
A Low-Cost Li-Fi Communication Setup 

Güray Yıldırım*1, Özgür Özen2, Heba Yüksel3, M Naci İnci4 

1,2,3Bogazici University, Dept. of Electrical-Electronics Eng., Istanbul, Turkey; 
e-mails: 1guray.yildirim@boun.edu.tr, 2ozgur.ozen@boun.edu.tr, 3heba.yuksel@boun.edu.tr 

4 Bogazici University, Physics Department, Istanbul, Turkey 
e-mails: 4naci.inci@boun.edu.tr 

ABSTRACT   

This study defines a low cost and minimal setup of a light-fidelity (Li-Fi) system. Li-Fi is a communication technique, 
which utilizes encoded visible light for a wavelength range from 375 nm to 780 nm. In order to build a transmitter, a 
power light-emitting diode (LED) is driven with a power MOSFET. Power LEDs are more efficient illumination sources 
rather than other classical light sources such as lamps since LEDs can be modulated via various control techniques.  In 
this work, a power MOSFET is used for controlling power LEDs since power MOSFETs are high power switching 
semiconductors. On/off switching is used for transmitting data via visible light communication. For driving the power 
MOSFET, an NPN BJT and a pull-up resistor is used. Data is sent via LEDs through the BJT and MOSFET. As the 
controller part, an Arduino UNO board and its hardware UART module are employed. Data is encoded with UART 
protocol with 1 start bit, 1 stop bit, no parity bit, 8 bit data length, least significant bit first, and 600 bits per second 
configuration. The time data is used as the telemetry data for the testing of the system. The data is also monitored in a 
serial port terminal at the computer screen. A light dependent resistor (LDR) is used for the receiver part. LDR is a 
semiconductor that has different resistance values under the light and at dark. This difference is translated into voltage 
with a serial resistor. The result is read from a logic analyzer, which is arranged to catch UART data with 1 start bit, 1 
stop bit, 8 bit data length, 600 bits per second and least significant bit first. As LDR has high resistance at dark, this 
sometimes caused problems for it to drive gate capacitances at higher baud rates. Adding an NPN BJT at the output of 
LDR-resistor serial connection allowed us to reach higher baud rates. 
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1. INTRODUCTION  
 LEDs can produce white light up to 20 times more efficient than light bulbs and they have many extra features and 
usage areas than conventional lightning systems such as display technology and allowing communication [1]. 
Transmission with LEDs is evaluated as more reliable than RF technology due to the fact that they cannot be seen 
outside the walls [3].  

In this work, a one-way communication system which consists of an easy to implement and low cost segments is 
implemented and tested in a room that has another light source with on and off state. For lighting, 10W power LEDs are 
used. Communication with LEDs can be implemented faster when LEDs are small due to their switching speed [3]. This 
work can also be implemented so that intensity is more stable through utilizing dual-code word as illustrated in [7]. On-



off keying is a common and simple solution to transfer data with switching. This technique depends on turning LEDs on 
and off according to data transmitted [2]. For example, if the LED is at on-state, it can be evaluated as logic 1 and 
otherwise if the LED is at off-state, it can be evaluated as logic-0. There is no physical connection to synchronize clocks 
of the transmitter and receiver. In this case, there should be either a self-clocking coding algorithm or another mechanism 
used to transfer data correctly. This work uses Universal Asynchronous Receiver/Transmitter (UART) for that purpose. 

2. TRANSMITTER AND RECEIVER CIRCUITS 
2.1. Transmitter Circuit 

Atmel’s Atmega 328P microcontroller on an Arduino board is used with all of the transmitter implementation progress. 
10W power LEDs are utilized for lightning the test room. There are cold-white and warm-white options available for 
power LEDs, however, our system is independent of color temperature for information. For switching power LEDs, a 
driver MOSFET is required which costs more than a basic NPN transistor. An NMOS with low RDS-on resistance is 
needed for minimal power loss due to heating which removes the need of a heat sink. To drive the power MOSFET with 
5V digital output of Atmega328P, an NPN bipolar junction transistor is employed. 

Power LEDs are the most expensive part of the transmitter costing about $2 per LED. The Power MOSFET and the NPN 
BJT are relatively inexpensive costing about $0.25 and $0.03 respectively. A schematic of the transmitter is shown in 
Figure 1. Figure 2 shows a picture of the realized transmitter circuit. 

�  
     Figure 1: LED driving circuit schematic gets input from controller (TX) and drives MOSFET (Q1) via a NPN BJT (T1) 



�  
     Figure 2: Realized circuit with 10W LEDs, power MOSFET and a NPN driving it. 

2.2. Receiver Circuit 

For the receiver side, a light-dependent resistor (LDR), which costs about $0.01, is employed for detecting light status. 
Data is gathered from LDR via some NPN transistors, which cost about $0.03 each. The output of NPN transistors is 
connected to the input (named RX) of a USB to a UART adaptor, which cost about $0.8. A schematic of the receiver is 
shown in Figure 3. Figure 4 shows a picture of the realized receiver circuit. 

�  
     Figure 3: Receiver circuit schematic with LDR and 2 NPN transistors one for getting input and the other for implementing a NOT   

     gate. 



"  
     Figure 4: Implemented circuit for receiver 

3. TRANSMITTER AND RECEIVER SOFTWARE 
As the controller part, an Arduino UNO board and its hardware UART module are employed. Data is encoded with 
UART protocol with 1 start bit, 1 stop bit, no parity bit, 8 bit data length, least significant bit first, and 600 bits per 
second configuration. The time data is used as the telemetry data for the testing of the system. The data is also monitored 
in a serial port terminal at the computer screen. 

3.1. Transmitter Software 

An Arduino program is written for testing the transmitter side. This program gets the time passed since the Arduino has 
been powered. Afterwards, it transmits the elapsed time in seconds in a fractional format. All the data is transmitted as 
ASCII text so that it is easy to track time changes and data at the receiver part. This information flow also provides the 
chance of tracking data integrity due to increasing data value by one every second. 

3.2. Receiver Software 

At the beginning, in order to monitor logic states of the receiver output, a logic analyzer which can sample at 24 MHz 
maximum is utilized. After getting data correctly from the logic analyzer, a USB to UART converter is used in place of 
the analyzer for collecting data as a cheaper solution. The USB to UART converter costs $0.8. USB to UART converter 
adaptor has a pin named RX for incoming data. The output of the receiver circuit is connected to this pin. 

Any serial port terminal program which supports baud rate configuration can be used due to the fact that the entire data 
protocol configuration is kept default with the exception of the baud rate which needs to change in order for the 
maximum speed to be reached with the current setup. GNU Screen utility which supports serial port monitoring and 
changing the baud rate is employed. The gathered data can be observed as in Figure 5. 



"  

      

     Figure 5: Example gathered data in ASCII format logged with GNU Screen utility. 

4. COMMUNICATION PROTOCOL 
On-off keying is used for communication between the transmitter and the receiver. All data is sent over the air in a room 
which has people working in it daily. For transmitting and receiving data, UART protocol is employed. In UART 
protocol, both the transmitter and receiver should have the same speed and different parameters which will be explained 
later. Standard UART speeds are expressed in bits per second and this unit is also called as baud rate [9]. These standard 
baud rates include 300, 600, 1200, 2400, 4800, 9600 bits per seconds and this list goes on with multiples of these values. 
In order to be in standard values, these baud rates are applied from lower to higher to reveal maximum data rate which 
can be achieved using this hardware. The other reason is that many hardware and software which support UART natively 
works with these speeds with slight changes in the configuration. 

When there is no data in the communication line, the output is in logical high state. In this case, the light should be on so 
that it can provide luminance to the room. For the purpose of keeping the lights on when there is no data, a not gate is 
implemented with a transistor before switching the transistor at the output of UART hardware as in Figure 1 [10]. As 
being a part of standard UART settings, one start bit and one stop bit is selected when the hardware is configured. With 
these bits, transmission starts with a logical-low output which lasts for a time equals to 1 bit at the current speed being 1/
x where x is the baud rate and the result is in units of seconds. Afterwards, 8 bits data is sent with on-off keying in a 
sequential order. A stop bit is also sent after the transmission of one byte. The stop bit has the same specifications with 
the start bit except being in a logical high state. There is no parity bit used for checking data integrity. It is separated as a 
software stack job. 

5. TEST RESULTS 
The circuit and software are run with different baud rates from 300 bps to 2400 bps. The maximum data rate achieved is 
1200 bps. With these conditions, when data rate is doubled to 2400 bps, the error rate increases and passes 50%. In this 
case, 1200 bps data rate is used and two of every ten bits are utilized for the start and stop bits. Maximum data sent per 
second can be calculated with 

      X/(D+St+Sp),    (1) 

where X is baud rate, D is the number of bits of data sent every time, St is the number of start bits, and Sp stands for the 
number of stop bits. It is not mandatory that the result will be an integer due to the variable structure of these parameters. 
The stop bit may also be selected as a fractional number [11]. 



At the receiver side, the UART terminal program is executed and the results are achieved as shown in Figure 5. The tests 
are made when the ambient light source which consists of two 8W LED bulbs are on and off separately. In both 
situations, the maximum achieved baud rate is 1200 bits per second including the start and stop bits. 

6. CONCLUSION 
With this basic and low cost Li-FI implementation setup, low data rates can be achieved without tough effort. In order to 
increase data speed, a comparator circuit built with operational amplifiers can be added to the input of the receiver 
system to eliminate transition states and provide more accurate inputs to it. For adjusting the receiver with different 
luminous values manually, a potentiometer may be added to the input of the comparator circuit. An adaptive system may 
also be used for reaching this target automatically. 
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