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Abstract:  

Visible light communication has attracted interests in many fields partly due to widespread commercial availability of LED lights 

and partly due to limited bandwidth available on radio communication. It is even more effective for Internet-of-Things (IoT) 

devices which require very less bandwidth but still need to remain connected all the time. In this paper, we propose a method for 

implementing a unidirectional Visible light based communication using commercial LED bulbs and at the same time, providing 

flicker-free illumination. In this paper, we go through the range of with respect to the distance between transmitter and receiver.  
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I.  INTRODUCTION 

 

Visible light communication (VLC) refers to communication 

using the visible part of the electromagnetic spectrum. 

Information is transmitted by modulating the light output 

parameters, usually amplitude, and a receiver that can decode 

this modulation and extract information. LEDs can be 

controlled in a very easy manner when it comes to switching 

on or off and hence, it has attracted a lot of attention to use 

regular LED bulbs to use in communication. Most of the IoT 

devices require Low-Medium data rate for communication and 

hence, regular LEDs can be used for home automation such as 

light, temperature, humidity sensing and controlling. 

Moreover, the microcontroller present in these devices will be 

able to decode the signals without requiring separate co-

processor. Although LED-to-LED communication has been 

implemented in various research projects, LEDs are very 

selective with frequencies. Moreover, to attain decent transfer 

rates, colored LEDs such as Red, Blue, and Green must be 

used at a time which is annoying to the regular user. Hence, in 

our research, we have used regular White LEDs for 

transmission and a photodiode as a receiver. Transmitter and 

receiver devices contain ATMEGA168 due to high frequency 

of its processor as well as decent memory availability to 

implement software based physical layer control and medium 

access control. Since the primary purpose of LEDs is 

illumination, there was a requirement of LED light intensity to 

not vary by standards of human perception. Hence, 

Manchester encoding method is implemented with a 50% 

duty-cycle. 

 

II. SOFTWARE DEFINED PHYSICAL LAYER 

 

The physical layer is responsible for the data transmission via 

light, synchronization, switching modes from reception to 

transmission based on various parameters. The LiFi system 

consists of micro-controller system which is used to process 

data for transmission and reception of the data including frame 

formation. In the setup, LiFi devices use LEDs to transmit 

data and use Photo Resistors for sensing. The communication 

is performed by using timeslots of duration T=5000 micro 

Seconds. The system could reach even higher data rate by 

making this duration shorter. However, this value is chosen for 

stability during testing phase. Two slots work together 

simultaneously sending data in standard Manchester encoding. 

This can also be changed with no change to the data 

throughput or bit error rate. 

 

III. FRAME FORMAT 

 

To synchronize receiver with the emitter, data is sent in a 

frame. This frame is composed of a synchronization preamble 

(0x55) that helps to compute the binarization threshold. A 

0x5D then breaks the synchronization and STX (0x02) 

indicates the start of the frame. A sequence of maximum 32 

bytes then follow (this can be changed by changing the buffer 

length to hold more characters) and then ETX (0x03) ends the 

transmission. 

 

IV. ADAPTIVE BIT DETECTION THRESHOLD 

 

Light intensity modulation is used to transmit symbols ON and 

OFF. At the receiver side, the ability to detect and differentiate 

symbols is affected by the attenuation of the transmitted light 

due to transmission medium and ambient light. Optimal 

detection threshold can be considered as the average of the 

amount of light while transmitter LEDs are off and amount of 

light when transmitter LEDs are ON. This threshold value is 

currently hardcoded into the program but can be setup to be 

automatically calculated. 

 

V. EXPERIMENTAL SETUP 
 

Testbed: To test out the unidirectional VLC and its 

effectiveness, following setup was used: 

 2 ATMEGA168 for transmitter and receiver each. 

 6 White LED bulbs for illumination as well as 

transmission 

 3 Transistors for LED switching 

 1 Photo resistor for sensing the incoming signal 

 Few resistors for current limiting and voltage 

divisions 
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Procedure: 

ATMEGA168 ICs are mounted on the communication board. 

ICs are then connected to a computer via a USB to Serial 

device. This will provide serial data path as well as power to 

our communication boards. Both LEDs and Photo Resistors 

are kept in line of sight. Serial console is opened for both ICs. 

Send some characters to one of the serial console. There will 

be a slight flicker on the transmitter LEDs (due to using low 

bitrate) and the data sent via one serial console will appear on 

the other console. The waveforms look as follows. 

 

 
Figure. 1. Photo Resistor output when no data is received 

 

 
Figure. 2. Photo Resistor output when receiving data 

 

Power Consumption: 

 Transmitter uses the maximum power of about 

200mW (40mA at 5V) 

 Receiver uses peak power of about 50mW 

 

Maximum achievable distance with current setup: 

With the current setup, the maximum achieved distance of 

error free communication is about 40cm. However, it is to be 

noted that the bulbs are of low power as compared to 

household bulbs of at least 10W which should provide 

communication for an entire room. 

 

VI. CONCLUSION 

 

This work considered the effectiveness of Unidirectional 

Visible Light communication based on a simple 8-bit micro-

controller and software implementation of the physical layer 

and a part of the MAC layer. An experimental setup was 

created to test out the efficacy of the proposed system using 

readily available components. The results showed that 

provided adequately high powered LEDs, it is possible to 

communicate with devices across an entire room. In 

comparison to the traditional method of wireless 

communication, Visible Light based communication is also 

low power consuming while the Visible light output also 

means that additional lighting will not be required. Thus, 

making the entire system more efficient. VLC is a novel 

approach that enables low bitrate wireless adhoc networking 

based on consumer electronic equipment that is often already 

present in many environments. The simplicity of this approach 

lies in the re-use of existing components. The LED-based 

VLC adhoc network obscures the communication within the 

visible light and hides the communication in the illumination. 

Such an LED-based VLC adhoc network, in which VLC 

devices communicate with each other via free-space optics, 

might in the future achieve a performance so that this 

approach will be useful for combining smart illumination with 

low-cost networking, to eventually become a candidate 

technology for the Internet-of-Things. 
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