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Abstract - Light-emitting diode (LED) is a promising semiconductor optoelectronic device, which has small size, long life, 
environmental protection and many other advantages. Due to its nanosecond time response of luminescence, LED can 

achieve high-speed modulation of information. Indoor LED lighting source is regarded as communication base station, 
through high frequency flashing of the lighting source to pass on information, downstream data link with a wireless 
transmission protocol complementary is provided and lighting and communication integration is implemented. In the aspect 
of electromagnetic radiation, communication efficiency and safety, it has a lot of advantages over radio frequency (RF), 
which is a new high-speed data transmission mode. In this paper, by using the advantage of short response time of LED, a 
visible light communication system based on On-Off Keying (OOK) modulation and demodulation technique is designed, 
which can improve lighting quality and adaptation to the environment without changing the lighting LED spectral 
components. By using software and hardware combination, video transmission between the two devices is complemented by 

optical communication. The prototype of the test platform is constructed, and then debugging and analyzing is conducted. 
The video transmission is further tested, and the feasibility of the scheme is verified, which meets expected goals. This 
system provides a method for information transmission and has theoretical and practical guidance for LED optical 
communication. 
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I. INTRODUCTION 

 

With the development of society, the growing 

demand for green lighting, green communication and 
wireless communication become more prominent. For 

more secure transport protocol and higher transfer 

rates and more free mobile terminals, the visible light 

communication technology emerges at the right 

moment. Visible light communication (VLC) belongs 

to optical wireless communication (OWC). OWC 

uses visible light, infrared or ultraviolet wavelengths 

to transmit signals. The communication using visible 

light, which has the waveband of 390-750 nm, is 

commonly referred to as visible light communication, 

which is a new form of  wireless communication    

[1].    Visible    light    is    the    part    of the 
electromagnetic spectrum that can be felt by human 

eyes. If the frequency of the electromagnetic spectrum 

is in the order from low to high, they are radio waves, 

microwave-band, the terahertz radiation band, infrared, 

visible light, ultraviolet band, x-rays and gamma rays. 

Scholars generally believe that the human eyes can 

feel wavelengths generally falling in the wavelength 

range from 390 nm to 700 nm corresponding to the 

frequency range between 430T Hz-790T Hz. White-

light light-emitting diode (LED) has become a new 

generation of green lighting source with features such 
as small size, high efficiency, low power consumption, 

long life, environment protecting. Since LED has 

rapidresponse, being as a potential means of 

communication is promising [2]. Visible light 

communication makes use of the feature that LED can 

be modulated at high speed. Data are modulated on 

high speed switching LED lights, and the shading of 
the light or frequency represents "0" or "1", in order to 

transmit data signal [3]. In today's visual 

communication, orthogonal frequency division 

multiplexing (OFDM) or optical code division multiple 

access (OCDMA) encoding technology is employed. 

Special physical structure of the human eye makes our 

eyes have the persistence of vision effect, which is that 

after a stop at the light on the retina, vision remains 

for some time. For example, the AC main we use is 

50Hz, so light is off 100 times every second, but the 

light flashing is not felt, which is the result of the 

persistence of vision effect. High-speed optical signal 
modulation frequencies are greater than 50Hz, and 

while LED transmits signal, changes of light cannot be 

detected by human eyes. In the communication 

process, LED light source can transmit signal, and can 

also be used as light sources, making full use of the 

energy, which has the feature of environment 

protecting. In this paper, hardware circuit of an optical 

communication system is designed, and low computer 

system is made, which can guarantee enough 

bandwidth to transmit. The software of the optical 

communication system is designed, and upper 
computer system is made, which can realize 

automation of the signal transmission. The main 

performance of the system is debugged and analyzed, 
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the system performance is analyzed, and the measures 

of the optimizing system are proposed. In the aspect of 
the hardware, the LED light source is chosen, the 

design of the drive circuit of transmitting terminal and 

the design of the receiving terminal are decided 

according to the parameters of the LED, 

communication model is established, communication 

protocol is drawn up, and the whole system framework 

design is introduced in detail. In the aspect of the 

software, by using the software Microsoft Visual 

Basic (VB) 6.0, the upper computer test system is 

written, which can realize the automatic collection and 

transmission of video. 

 

II. PRINCIPLE 

 

A. Visible light communication system 

The system uses computer-generated video signal, by 

data conversion module, through the LED driver 

circuit, converted to signal that LED can transmit. The 

signal is sent out in the form of light. The receiver 

receives available signals by optical sensor, and the 

photoelectric sensors zoom and decode the received 

signal, then the signal is output to another computer. 

Figure 1 shows the operating principle of thesystem. 
 

 
Fig. 1. The principle of the LED light communication [4]. 

 

Optical communication system has many basic linking 

modes, and Figure 2 shows a simple diagram of 

optical communication system. Due to the influence of 
various factors to be considered, optical transmission 

remains extremely challenging. In the indoor 

environment, the light will be subject to the reflecting 

of the ceilings, walls and other objects. In outdoor 

environment, duo to atmospheric environment, light 

will be scattered or absorbed. There is a classification 

that according to that transmitting equipment and 

receiving equipment are open or not. It can be divided 

into Line-of-sight link(LOS)andnon-LOSlink(NLOS). 

 

 
Fig. 2.  Light communication system schematic [4]. 

Now a variety of optical communication link are 

used, and the following are four links [5]: direct LOS, 

indirect LOS, diffuse reflection link, tracking link. 

Some receive modes are a mixture of links listed 
above, and these methods are shown in Figure 3. 

 

 
Fig. 3. Linking modes [4]: (a) direct LOS; (b) indirect LOS; (c) 

diffuse reflection link; (d) tracking link; (e) receive mode. 

 

Diffuse reflection link and indirect LOS link have 

thelargest coverage, but while they increase the link 

robustness, they also introduce the multipath effect, 

resulting in significant intersymbol interference and 

pulse broadening. Tracking link is better, but still 
requires additional mechanical moving parts, and 

makes the system more complex, so it also should not 

be used. In this paper, the communications link used is 

based on point-to-point communication, so direct LOS 

channel link is employed. Using direct LOS has the 

advantage of that only receiving light from the 

transmitting equipment, the most power and the most 

ideal signal can be achieved, which can eliminate the 

multipath effects. In visible-light communication 

systems, communications efficiency and performance 

to a large extent depends on the modulation method. 
By using the feature of discrete value of digital 

signals, switch is used to control carrier signal and 

digital modulation can be achieved. This method is 

usually called keying, and keying methods are 

commonly used for keying carrier amplitude, 

frequency and phase shift, so three fundamental digital 

modulation methods can be achieved, known as 

amplitude shift keying (ASK/OOK), frequency shift 

keying (FSK) and phase-shift keying (PSK) [6]. In 

addition, the common modes of modulation have pulse 

position modulation, modulation of orthogonal 

frequency division multiplexing (OFDM), sub-carrier 
modulation, Digital pulse interval modulation (DPIM), 

strong pulse modulation and double-pulse interval 

modulation and soon. ODFM technology has the 

advantages of high spectrum efficiency, which can 

reduce the multipath effect and inter symbol 

interference, but it has high algorithm complexity  and 

its application is difficult. OOK modulation has low 

bandwidth requirements, and its hardware circuit is 

simple and it is easy to implement. During 

demodulating, as long as the light signals is directly 

detected having or not, signals from the sensors can 
be traced as "0" or"1".By comparing the modulation 

above, the OOK/off keying modulation method is 
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adopted, and the expression is: 

 

 
 

OOK is the most common LED optical transmission 

modulation, and it uses the light on or off to  transmit  

data, which is in fact amplitude modulation.  Its  

signalcode  is divided into zero in coding (RZ) and 
non-zero encoding (NRZ). Sketch of the modulation is 

shown in Figure 4. 

 

 
Fig. 4. (a) OOK NRZ; (b) OOK RZ of 50% duty cycle. 

 

B. Processing of transmittal datastream 

This communication system is based on  

transmissionmedium of visible light. The upper 

computer is required that video transmission between 

the two computers can be achieved. USB signal is 

converted to the serial signal by data signal conversion 

module, and serial signal by level shift is loaded on the 

LED, so the digital signal is converted into optical 

signal and optical video transmission between the two 
computers is realized. The upper computer software is 

divided into signal terminal and receive signal 

terminal. This program mainly uses the VB 

programming language and is developed  onthe 

Windows platform, and data can be  transferred  stably  

by today's mainstreamcomputer. 

 

 
Fig. 5. Sending interface of the upper computer. 

 
The sender of the upper computer software of the 

system can  useApplication  Programming  Interface 

(API)  to get the computer camera data, and to 

regularly save video picture as picture format, which 

after decoding and compression are transmitted 

through the serial port. Before  transmitting data, the 

software can choose the string number, baud rate, 

stop  bits and data bits and parity bit. And the time 

interval of the  transmit data, known as video frame 

rate, can be set, so that it can be  adapted to different 

lower  computer  transmission rate. At the time of data 

transmission, which is transmitted in the form of 

packets, the size of packets to be sent is first 
calculated, and then the data are sent. Figure 5 shows 

the send-side software interface. 

The lower computer can also set the serial 

communication, and it can also restore the received 

video signal data, and display it in the interface. After 

receiving the packet size to receive, it enters the state 

of the received data. After the data  arereceived, they 

will be restored and displayed. Figure 6 shows the 

user interface of thereceiver. 

 

 
Fig. 6.  The receiver of the upper computer. 

 

III. SYSTEM TESTING AND RESULT 

ANALYSIS 

 

After the hardware system of  thecommunication 

system  isset up, tests are required in order to evaluate 

system performance. Different parameters are 
designed, input and output signal waveform are 

observed and measured, and the factors that affect the 

transmission quality can be concluded.  

First, square-wave signal transmission performance is  

tested. The signal that is generated by signal generator  

isloaded on the circuit of the sending terminal to load 

the signal on the light source. Replacing computer 

with an oscilloscope, received signal and the source 

signal are displayed in the same oscilloscope, and their 

waveforms are compared, various parameters are 

analyzed and measured to test the effectiveness of 

thesignal. 
 

A. Effect of light direction on communication 

system 

The LED can be used as a lambertiansource in this 

paper, in line with the lambertianmodel, where the 

power of the LED P=1.12 W, the typical angle of field 

of view FOV=90°. In optical  communicationlinks,  

DC gain h  (0) is  an  important variable that 

represents the channel characteristics. Its formula 

is[7]: 

 
Where m is Lambert coefficient, A is the physical 

area of  the area where receives light signals of the 

photoelectric sensor, d is the distance between 
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transmitter and receiver, ψ is the  angle of incidence 

of LED, ψc is FOV of the receiver radio detector, Ts 

(ψ) is the gain of optical filter, g (ψ) is the gain of 

concentrator. 
Where g (ψ) formula is as follows [8]: 

 
Where nis the reflection coefficient. Received power 

Pr  can be drawn from LED power: 

 
According to the above theory, when the two points 

of the transmitter and the receiver are always in a 

straight line, the optical power is the maximum. 

When the deviation from the center line of the 

transmitter and the receiver is farther, the optical 

power is less. When the deviation angle is more than 

30°, the output signal of the receiver is connected to 
the oscilloscope. In Figure 7, the upside waveform 

represents the original signal, and the downside one is 

for the received signal. We can see that when the 

angle of deviation increases, bit error rate increases, 

and data loss appears, which makes it impossiblefor 

the receiver to read the signals. Therefore, in this 

system, the light source should be aimed at the optical 

device of the receiving end.  

 

 
Fig. 7. Effect of different deviation angle on the communication 

system. (The upside waveform is sent by the transmitter, and 

downside one is receivedin the receiver) 

 

B. Effect of receiving distance on communication 

system  

OOK modulation of light is used in this paper to 

transmit signal, and light shading represents data "1" 

or "0". Now it is assumed that the time of 

transmission of a square wave T is equal to the 

transmitted bits per second, and BER formula can be 

expressed as: 

 
Figure 8 shows that when the receiver is on the center 

of light path of the transmitter, the BER of the system 

changes with distance. In theory, the greater the 

distance between sender and receiver, the higher the 

error rate is. 
 

 
Fig. 8. The curve of the BER changing with distance [9]. 

 

Figure 9 shows the transmission signal waveforms 

when transmitter and receiver have the distance of 50 

cm. The upside waveform represents the original 

signal, and the downside one is for the received 

signal. It shows that, when far apart, the signal the 

receiver receives is very weak, and if the signal is not 

enlarged, the receiver cannot tell the difference 

between high and low level. So, reasonable transport 

distance should be selected in order to avoid errors 

and misplacement of the communication. 

 

 
Fig. 9. The transmission signal waveform at the distance of 50 

cm. 

 

C. Effect of increasing optical devices on 

communication system  

In the experiment, it is found that if optical device 

lens is added on the sender and receiver to focus, the 

transmission distance can significantly increases, the 

quality of signals improves to meet information 

needs. Figure 10 shows the signal waveform when 
there is no optical device. Figure 11 shows the signal 

waveform after the lens is added. It can be seen by 

comparing that the signal in Figure 11 is better. So 

when setting up the system, the spotlight glass is 

installed at the transmitter or optical lens is installed 

in the optical sensor part of the receiver to enhance 

light effects and reduce the attenuation of optical 

power.  
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Fig. 10. The signal waveform when there is no optical device. 

 

 
Fig. 11. The signal waveform after the lens is added. 

 

D. Effect of transfer rate on communicationsystem  
The waveform at 200K Hz is shown in the following 

figure. It can be seen that the output waveform in 

Figure 12 is an approximate square wave, which can 

accurately transmit signals, and there is no obvious 

distortion.  
 

 
Fig. 12. The input and output waveform at 200K Hz. 

 

Then the frequency is continuously increased. The 

frequency of the waveform in Figure 13 is 1.3 M Hz. 

The curve below is the input waveform, while the 

curve above is the output waveform. It can be seen in 

the picture that, the output waveform has become 

close to sinusoidal graphic, but it is possible to use an 

inverter or comparer to integer to get normal square 

waveform. When the frequency is increased from 1.3 
M Hz, the waveform deforms, and cannot be 

recognized completely. Therefore, when the data are 

being transferred, they are more stable when the rate 

is not higher than 1M Hz.  

 
Fig. 13. The input and output waveform at 1.3M Hz. 

 

E. Test and analysis of actual data  

The receiving module and dispatching module are 

respectively connected to two computers, and the 
whole system is debugged by using serial debugging 

assistant, and is tested by sending a string of 

characters. Figure 14 shows the contrast before and 

after a TTL signal waveform is transmitted. The blue 

wave form is the original signal, the green is an 

amplifying signal by drive, and the purple is the 

signal received by amplifying and filtering. In the 

picture, it can be seen that the waveform restored 

from the receiver has no obvious distortion and 

deformation compared with the original waveform.  

 

 
Fig. 14. The contrast before and after a TTL signal waveform 

is transmitted. 

 

Tests are conducted through the hardware and 

software platforms, and the debugging results are 

observed in order to test the performance of the 

system. The image appears in the interface of the 

receiving end, as shown in Figure 6. In Figure 15, the 

light from the LED lamp is optical signal converted 

from one computer, and the circuit of the receiving 

end is collecting the optical signal to convert and 

transmit it to the other computer. It can be seen that 

combining upper and lower computer real-time 

transmission of video signal can be realized. Since 
this work is just a communication model, there are 

still a lot of problems. During the testing, the video 

signal is not smooth, the signal is occasionally lost, 

and the screen jitter occurs. They are caused by that 

the signal processing part of the hardware system 

may be unstable at high frequencies and there is 

background noise and these issues need further 
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analysis. Through the test, this communication 

system needs to be kept within 15 cm to ensure real 
time signal transmission. In theory, by improving the 

light source, replacing with high power LED and 

matching drive circuit, transmission distance and 

signal coverage can effectively increase. Thus, optical 

communication can be applied to more devices, 

which provides a new means of communication for 

wireless connection and information sharing between 

multiple terminals.  

 

 
Fig.15. Transmission of signal based on LED lighting. 

 

CONCLUSION  

 
In this paper, by using the feature of short response 

time of LED, a visible-light communication system 

based on OOK modulation and demodulation 

techniques is designed, and a communication system 

prototype is built, which realizes video real-time 

transmission. The main work of this paper can be 

summarized as follows:  

1) Based on existing theory, LED optical 

communication system prototype is designed and 

built. Using the LED from the market, an appropriate 

solution is designed and components are selected. 

Data conversion circuits, LED driver circuit, the 
receiver circuit, amplifier and filter modules are set 

up, the receiving and sending terminal of the LED 

optical communication system is completed.  

2) In a dark room environment, by using a waveform 

generator, a square-wave signal is produced and is 

loaded on the LED driver circuit, converting the 

square wave signal to optical signal, signal reception 

result is tested after the receiving end is connected to 

the oscilloscope, and system performance and the 

causes of limitation of rate are analyzed. The 

maximum sending speed and transmission distance 
are tested.  

3) Using VB programming language, the upper 

computer of the video transmitter and the receiver is 

realized. The automatic sending and decoding of 

video ensure stable transmission of signals in LED 

light communication system. Through theory 

analysis, integrating the experiment debugging 

results, several main reasons that effect signal 

transmission performance can be drawn: (1) 

increasing distance leads to quickly attenuation of the 

received signal of received end; (2) the response 

frequency and bandwidth of LED devices and 
received devices limit its rate; (3) background noise 

during transmission process increases with the 

distance increasing; (4) brightness and transmission 

distance can effectively increase by using spotlight to 

concentrate the emissive light.  
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