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Abstract: A new control system via light-emitting diode (LED), lighting devices, is reviewed 

in this article. In order to transmit data, Visible Light Communication technology was used. 

Function block diagrams and schematic diagrams, of transmitting and receiving optical 

channels were used for the temperature control. Implementation of the developed system 

has been accomplished by the regulation of the onsite temperature control. Serial interface 

of data transmission has been applied in order to provide stable and reliable link via 

physical channels with the usage of LED lighting devices. According to the protocol of this 

interface, the transmitted data transforms into consecutive impulses in the accordance with 

the UART standard. The present work shows that asynchronous data transmission has been 

carried out via microcontrollers. In order to conduct the experiment presenting controlling 

possibilities via white LED lighting, a breadboard prototype with two modules – 

transmitter and receiver – has been created. The conducted measurements have shown that 

optical channel of data transmission has high reliability, while the illumination level does 

not change. There is no flickering and a comfortable lighting regime is provided. 
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1 Introduction 

Currently, modern control systems obtain information, in order to monitor and 

manage the physical processes from sensors and actuation devices, which are 

spatially remote from one another. Classical data transmission between modules 

of managing system is carried through wires. The necessity of the physical 

connection of sensors and actuation mechanisms, limits their flexibility, scalability 

and reliability of the working system. Switching to wireless communication 

systems will allow for reduction of costs on assembly and failure risks during 

operation, the risk which will lead to the generation of a cost effective and reliable 

system, as well as, provision of an opportunity of the organization of intellectual 

infrastructure. For example, popular management platforms such as, “Internet of 

Things”, “SMART House”, “Device to Device” and “Machine to Machine” use 

wireless technologies to build their infrastructure. 

However, with the increase in the number of mobile users and devices connected 

to the Internet, problems arise in ensuring communication, data exchange and the 

fast acquisition of information. Most international analytical agencies give high 

marks to the growth in the number of connected devices in the world. In 2016 

during the “Internet of Things World” conference, which was held in Santa Clara 

(USA), company SigFox quoted the predicted data from different companies.   

The values differed by the order of magnitude. For example, “Gartner” company’s 

analytics claimed that the amount of connecting devices would reach 21 billion by 

2020, while Intel company’s specialists predicted the value of 200 billion devices 

for the same year [1]. According to the report of Cisco Visual Networking Index, 

the seven times increase of volume of mobile data transmission is being expected 

in the period since 2016 to 2021, and the amount of mobile devices per capita 

would reach 11.6 billion to 2021 [2]. In May 2019, Strategy Analytics company’s 

experts published data on Internet connections of 22 billion devices [3]. Presented 

estimations, as well as, real data shows the necessity of the implementation of 

network based architectures, with high through-put, which will be able to satisfy 

rising exigency in the resource of wireless network. 

Many types of technologies and standards have been developed, depending on the 

purpose and requirements for wireless systems. Technologies that transmit data in 

the radio frequency range have become widespread. The growth in service 

consumption in wireless networks has led to a shortage of radio frequency 

resources. To meet the growing demand, either an increase in bandwidth or an 

increase in spectral efficiency should be used. However, the increase in spectral 

efficiency is slow and cannot meet the rapidly growing demand. In parallel with 
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the development of technology in the radio frequency field, there is a great 

potential for use in the optical range. 

Additional usage of optical frequencies allows for the solution of problems related 

to the spectrum crunch, in wireless connections, on the basis of radio frequency.  

In Optical Wireless Connections (OWC) it is possible to use three main frequency 

bands – ultraviolet, infra-red and visible-light. Within the ambit of the last two 

bands, the link by means of visible-light (Visible Light Communications, VLC), 

wireless optics (Free Space Optics, FSO) and the link by means of optical camera 

(Optical Camera Communications, OCC) are possible [4] [5]. OWC technology 

has a variety of unique advantages such as broad spectrum, high data transmission 

speed, low delay, high security, immunity to radio frequent electromagnetic 

disturbance, available licensure, low cost and low power consumption [5-8].         

It may be noted that there are publications which present comparison of OWC 

technologies on various aspects more carefully [9-13]. 

With the advent of white LEDs used for lighting, Visible Light Communication 

technology is rapidly developing. This technology allows a light source, in 

addition to lighting, to transmit information using the same light signal. Visible 

range of wavelength is 370-780 nm provides transmission capacity of ~400-800 

THz, which is ten thousand times more than in the radio frequency bandwidth [5] 

[6] [11]. The first demonstration of wireless data transmission through a flashing 

LED was demonstrated by Harald Haas, a professor at the University of 

Edinburgh, during the TED World Conference in Edinburgh, Scotland in 2011 

[14]. Despite the fact that the technology has been developed and researched over 

the last 10 years, the transmitting systems with the data transmitting speed of a 

few Gb/s have already been demonstrated [15-17]. Scientists claim data transfer 

rates from 20 Mbps to 40 Gbps, depending on the design of the LED, which is 

confirmed by the research results [18]. 

In addition to the listed advantages of OWC technologies, it is necessary to note 

the attractive aspects of VLC. For the deployment (organization) of the VLC 

system, there is a ready-made infrastructure of transmitting devices - LED lamps. 

LED lighting technology supports the concept of green energy and uses energy 

efficient lighting sources. 

In the long term, the VLC systems can be used in the wide range of applications. 

There are problems which limit the implementation of the VLC technology.        

In article [7], two main tasks are identified that need to be solved - elimination of 

LED flickering during data transmission and support for dimming in the lighting 

system. These problems are caused by the simultaneous use of luminaires directly 

for lighting, and also additionally for data transmission. The problems associated 

with the optical properties of light sources are also highlighted: high losses in the 

path; intersymbol interference caused by multipath; interference caused by 

artificial light; nonlinearity of the electro-optical response of the LED. Article [19] 

discusses issues related to uplink transmission and integration into the existing 
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information and communication structure. The articles [13] [20] provide an 

overview of the main problems arising in the design of communication using VLC 

technology. Light source problems (flicker, blackout, line of sight and 

interference) and wireless communication problems (uplink and mobility) are 

discussed. 

Today VLC technology using LED lighting is in the research and development 

stage. For implementation in the field of communication and wide accessibility of 

users, it is necessary to solve many problems. The authors have published the 

results of the developed systems for the transmission of audio signals [21] and 

symbolic data [22]. The present work suggests a new idea to use the technology of 

signals transmission by means of LED lighting in automated control systems by 

physical parameters. Previously, the authors have developed and presented [23] an 

automated LED lighting control system on the basis of which the implementation 

of VLC technology is proposed. 

2 The Construction of the Temperature Control 

System with the Usage of the VLC Technology 

Automated control system actuator, heater, indoors, depending on the required 

temperature, has been suggested and developed, on the basis of the VLC 

technology. Structural scheme is shown in Fig. 1. The objectives of the control 

system are to measure the temperature in the room, control the heating element, 

and maintain the set temperature in the room. Temperature sensor is located in 

LED device which is also information transmitter – in the given case – current 

temperature. Actuator of the temperature regulator and information receiver are 

located remotely from the signal transmitter. Constructively, the transmitter and 

the temperature sensor are one device, while the receiver and the actuator are 

another device. 

Fig. 2 shows the scheme of transmitting device. The temperature sensor is used for 

the temperature control, which allows to transmit measured data to the 

microcontroller. The values of the current temperature are shown on the indicator. 

The signal received from the microcontroller output is added in order to transmit 

data by means of the VLC technology to the power supply of LED. This signal is 

formed in accordance with the UART technology (Universal Asynchronous 

Receiver-Transmitter). Since the reliable work of LED requires the usage of 

constant current [24], a current stabilizer, has been added to the power supply. 

Thus, in order for LED to transmit data stably, the switch has been used, which 

made it possible to connect proceeding signals, by the UART and supply the 

constant current for the LED. The LED in the optical channel has alternating light 

in accordance with the signal proceeding from the microcontroller. 
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Structural scheme automated control system indoors temperature based on VLC technology 
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Figure 2 

Transmitter function block diagram 

Fig. 3 shows the scheme of the receiving device. The receiver’s task is to 

transform light pulses received from emitter into electric signals. These signals by 

passing through amplifier are transferred to the shaper where they are turned into 

impulses of the TTL form (Transistor-Transistor Logic) for the further treatment 
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by microcontroller. Microcontroller deciphers the information and processes the 

algorithm for the control of actuator depending on the assigned task. The received 

data on the current temperature is shown on the indicator. 

Schematic diagrams have been developed in accordance with the function block 

diagrams. 

Microcontroller
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(heater)
Photo 

detector

LCD 

monitor

Power 

supply

Amplifier

 

Figure 3 

Receiver function block diagram 

The schematic diagram of the transmitting device, is presented in Fig. 4.           

The transmitter’s concept resides in the fact that the temperature sensor, with the 

transmitter, is inboarded with the LED illuminator. The transmitter sends the data 

of the temperature, by means of the LED of illuminator. 

 

Figure 4 

Transmitter circuit diagram 
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The values, upon request, are transmitted from the DD1 temperature sensor to the 

DD2 microcontroller, where they are recorded in temporal storage registers, 

processed and afterwards, displayed on the HG1 indicator. The information 

necessary for the monitoring and control is also displayed on the HG1 indicator. 

The value of temperature from the temporal storage registers after transformation 

proceeds into the FIFO buffer of the transmitter-receiver UART of the 

microcontroller, where, by the means of consequent asynchronous data 

transmission, bits proceed to the VT1 transistor gate through the TX 

microcontroller output and R2 resistor. A transistor switches, from allowing, to 

forbidding, the current flow through LED VD1, by working in key mode 

according to the potential on the gate. 

The DS18B20 integral temperature sensor has been used as the DD1 temperature 

sensor. The required drivers and connecting programs for this sensor are publicly 

available. The R1 resistor with the nominal value of 4.7kΩ is recommended by the 

manufacturer of DS18B20 microchip. 

ATmega328P microchip, which is a part of the Arduino NANO and Arduino Uno 

boards, has been chosen as the DD2 microcontroller. 

The HG1 indicator is liquid-crystal indicator LCD1602 with the I2C module. 

IRFZ44N has been chosen as the VT1 transistor, but it is possible to use any n-

channel MOSFET designed for the usage of light emitting diode VD1. The VD2 

diode is necessary in order to shunt the transistor from current impulse, which 

occurs due to power-cut. This diode is located inside the IRFZ44N transistor case. 

The R2 resistor in the gate circuit limits the current at transistor opening. The R3 

resistor is connected to the gate in order to have reliable and fast transistor closure. 

It eliminates the possibility of the occurrence of the unconfigured state of the 

transistor and as a consequence will eliminate the presence of random errors in 

transmitter which might have occurred for that reason. 

The VD1 - white LED powerful current of 700 mA which has possibility of 

installation on the radiator cooling system.  

The DA2 microchip - integrated stabilizer LM317 is included in the current 

stabilization circuit. The R4 resistor is a shunt for the stabilizer. In our case, the 

R4’s resistance is 3.6 Ω. 

The DA1 microchip - an integral stabilizer LM7805 of fixed voltage of 5 V 

provides power supply for microprocessor’s board, indicator and temperature 

sensor. 

The power source PS1provides power supply from alternating current system of 

~230 V, 50 Hz. It is impulse and produces the constant regulated voltage of 12 V 

and the current of 1.5 A. 

C1, C3, C4 are filters capacitors, and C2 is a bulk capacitor. 
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Schematic diagram of the receiving device is presented in the Fig. 5. 

The received light signal is transformed by the VD1 photodiode into photo current 

and through the DA1 amplifier-convertor of the current into voltage and through 

the C2 separating capacitor it proceeds to the DA2 amplifier’s input. Afterwards it 

proceeds from the DA2 amplifier’s output through the C3-R6 differentiating 

circuit to the DD1 logical gate’s input, which performs the duty of buffering 

element and simultaneously inverts the signal for the further processing. Inverting 

the signal is necessary in order to bring the waveform of the required polarity to 

the UART transmitter-receiver, since photodiode connected with the reverse 

polarity generates inverse current impulses. The signal proceeds from the 

inverter’s output to the UART transmitter-receiver input of DD2 microcontroller, 

where it is decrypted. The received data is recorded into the registers of temporary 

variables storage, where it afterwards proceeds for further processing and 

displaying onto the liquid-crystal sensor. The SB1-SB3 buttons are used for the 

changes of temperature regulation. Further data processing depends on which data 

is being transmitted and what it is used for. In our system, we transmit the value of 

the temperature to regulator – heating element EK1. 

 

Figure 5 

Receiver circuit diagram 

The FD-K-155 photodiode has been chosen as the VD1 photodiode. The DA1 

microchip has been developed on the basis of the KR140UD708 operational 

amplifier, while the DA2 has been developed on basis of the KR140UD608 

operational amplifier. 
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The C1 condenser connected in parallel to the R1 resistor of negative circuit 

reentrancy is necessary in order to reduce the gain of high-frequency noise.         

Its nominal has to be matched specifically carefully. The R1, R2 and R5 resisters 

affecting the gain coefficient of operational amplifiers, as well as, the C2 and C3 

condensers, which define the steepness of pulse front and droop, have been 

matched so that at the rate of 9600 baud, the form of the signal in the control 

points 4, 5 and 6 is approximated the most closely to the TTL impulses. 

It is necessary to control a backhaul and a signal format whilst adjusting the 

receiving part of the device. Points for the recording of oscillograms, which are 

necessary for the research and calibration of the whole system in data transmission 

mode have been marked 1-6 in the schematic diagram. 

3 The Experimental Results Settings of the Receiver 

We have carried out research in order to optimize the system’s values. 

Oscillograph has been controlling the presence and the form of the signal during 

the data transmission. The level and the form of the output signal from 

transmitter’s microcontroller and the signal transmitted onto the receiver’s 

microcontroller are crucial. The most crucial points of control are marked on the 

schematic diagrams of the transmitter and the receiver as markers 1-6. The signal 

proceeding from the transmitter’s microcontroller is a pattern of the form and 

amount of impulses (marker 1). Oscillogram at this point is controlled by the 

second beam of oscillograph and is present at all oscillograms of control points for 

synchronization. All other oscillograms of control points are marked by the first 

beam of the oscillograph. 

The signal to LED (marker 2) proceeds from transistor, which is the switch of the 

transmitting part. The control of this point provides the information on the switch 

working capacity. In case of the failure it is no longer able to be opened or closed 

or it happens incompletely. The form of the signal is shown in Fig. 6. 

It is crucial to control the signal’s level after all electrical components until 

entering the microcontroller during the work of the receiving device. The control 

of the signal after photodiode (marker 3) shows the working capacity of the photo 

current source – in our case the FD-K-155 photodiode of the receiving part of the 

apparatus. The oscillogram (Fig. 7) shows that the amplitude of the signal on the 

photodiode is very low (0.8 V), given the oscillogram was taken when the LED of 

the transmitter and photodiode were almost immediately adjacent. Along with the 

increasing of the distance between LED and photodiode the amplitude of the 

signal was decreasing significantly. Therefore, for the further work with the signal 

of such amplitude the amplifier is required. 
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Figure 6 

Waveform of the signal from the transmitter 

 

Figure 7 

Waveform of the signal on the photodiode of the receiver 

The measurement of the signal for the work adjustments of the first cascade of 

photo current amplification is included. The form of the signal at this point 

(marker 4) can be seen in Fig. 8. According to the form of the signal at this point, 

you can adjust the gain coefficient of the first stage on the K561LN2 microchip, 

by selecting a feedback resistor. The diagram has a condenser shunted to the 

ground and is meant for the elimination or the minimizing of the high-frequency 

noise, at the output of the first cascade of amplification. 

According to the oscillogram’s signal after the second cascade of amplification 

(marker 5) the coefficient of amplification at the second K561LN2 microchip is 

adjusted by the resistor selection. The form of the signal is shown in Fig. 9. 
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Figure 8 

Waveform of the signal after the first cascade of receiver’s amplification 

 

Figure 9 

Waveform of the signal after the second cascade of the receiver’s amplification 

After the buffer amplifier-inverter (marker 6), the signal that almost completely 

coincides with the etalon, can be seen. The form of the signal at this point is 

shown in Fig. 10. 

Adjustment of all parts of the receiver’s scheme has been conducted with the 

synchronization of the signal through the second channel of the oscillograph 

(etalon one) in order to see each impulse separately during transmission. Adjusting 

cascades of the amplifier at each control point, we have achieved similar form of 

the signal and impulse length which provides stable work of the entire system. 

Identity of the transmitted and received signals ensures reliability and accuracy of 

the system’s performance. 
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Figure 10 
Waveform of the signal after the buffer amplifier-inverter of the receiver 

4 Test Environment of Automated Control System of 

Temperature 

Fig. 11 shows structural diagram of the test installation, of automated control 

system of a heater, in accordance with VLC technology, which has been 

developed on the basis of function blocks and schematic diagrams. 

 

Figure 11 
Structural diagram of test installation 
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Power of LED matrix (1) is 3 W and constant current of 700 mA is attached to the 

aluminum radiator (2). The radiator is installed with the gap on the plate of 

getinaks. The radiator has been designed and manufactured, so that there wouldn’t 

be any overheating of the crystal’s light-emitting array, due to continuous 

performance [25]. The gap is necessary for providing heat elimination, from the 

radiator. On the opposite side of the front panel, where the light emitting diode is 

placed, the current stabilizer (3), the commutator (4), the power source (5) and 

Arduino Nano board are suited. The sketch loading is provided through mini 

USB-port of the microcontroller. 

The DS18B20 integral digital sensor of temperature manufactured by the Dallas 

Semiconductor company in the TO-92 (7) case, as well as, the LCD1602 with the 

I2C (6) module for the monitoring of the control system values are attached to the 

front side of the back panel. Fig. 12 shows physical configuration of the 

transmitting device. 

 

a) view of the working panel, b) view of the back panel 

Figure 12 

Physical configuration of the transmitting device 

The FD-K-155 photodiode (8), which is attached to the external panel, is used for 

the receiving of LED impulses. The amplifier developed on the basis of the 

K561LN2 microchip (9), power source (5) and Arduino Nano microcontroller are 

suited onto the interior side. In order to control the signal of the exterior back 

panel the LCD monitor (7), the output for heating source control (10), the buttons 

for the assignment of required values of temperature have been placed. Fig. 13 

shows physical configuration of the receiving device. 

Modulating methods used for radio-frequency communication [26-28] can be used 

in the VLC systems, as well as, specific modulating methods such as laser 

femtosecond systems [29] can be implemented. 
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a) view of the working panel, b) view of the back panel 

Figure 13 

Physical configuration of the receiving device 

In order to organize the system of the temperature monitoring and heater control 

through optical wireless connection with LED lighting element, the UART 

(Universal Asynchronous Receiver-Transmitter) technology has been used. In our 

case in accordance with the present technology the microcontroller has been 

programmed. 

During the data transmission the converting of the transmitted data into coherent 

manner is carried out in the way so that it is possible to transfer it through the 

digital line to another similar device. 

The data transmission in the UART is carried out by one bit at a time in equal time 

length. This time length is defined by target velocity of the UART. The choice of 

the UART speed depends on the physical capabilities (parameters) of the 

electronic components of the receive/transmit path. Data transfer speed was not 

the main criterion. The task was to obtain reliable data on the ambient 

temperature, as well as to maintain the required level of illumination and the 

absence of LED flickering. For our particular connection, the baud rate is set to 

9600 baud. This velocity has been chosen experimentally as the most optimal, for 

the systems electrical elements, for transmitting and receiving devices. 

The control system uses two devices for data transmission - a receiver and a 

transmitter. Since each device is equipped with a microcontroller, two separate 

projects were developed. 

Projects of programs for Arduino Nano microcontrollers were developed in the 

visual programming environment FLProg [30] using the graphical programming 

language FBD (Function Block Diagram). 

When programming the receiver according to the functional and logical principle, 

five blocks were allocated: receiving data from the UART port, separating the 
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integer and fractional parts of the temperature value, presentation of data on the 

LCD display, setting the temperature in manual mode, program for the controller. 

To operate the transmitter, three block diagrams were written: a program for 

polling a temperature sensor, a program for operating the UART port, a program 

for presenting data on the LCD display. 

Here, we describe the algorithm for the operation of the temperature control 

system, using the developed experimental stand. 

1)  Turn on the receiver and transmitter. The receiving device must be located 

opposite the transmitting device. In our case, the maximum value of the 

distance between the receiver and the transmitter is 0.80-0.85 m. 

2)  The user sets the preset temperature using the buttons on the receiver.     

The set temperature is displayed on the monitor. 

3)  The temperature sensor located on the transmitting device determines the 

value of the ambient temperature and transmits it to the microcontroller. 

4)  The microcontroller processes the data, displays the temperature value on 

the monitor and transmits it through the LED. 

5)  A photodiode located on the receiving device reads the signal and transmits 

it through an amplifier to the microcontroller. 

6) The microcontroller processes the signal and displays the received 

temperature data on the monitor. If the obtained temperature value is less 

than the set value, then the heating element turns on and the monitor 

displays “heat on”. If the value of the measured temperature is higher than 

the set one, then the heating element is not switched on / off and the 

monitor displays “heat off”. The range of regulation of the set temperature 

value is set by software. 

The suggested control system is useful for the regulation of other physical 

processes, which at the present, rely on the wire connection systems or wireless 

systems with the radio wave usage. The transition to wireless control of 

technological processes is especially crucial. For example, the work [31], 

considers the usage of LED lighting in agricultural field for optimal provision or 

substitution of natural light for the plant production. Present artificial lighting 

infrastructure can become the platform for the organization of intellectual control 

systems of value, without a large financial investment. 

Conclusions 

As a result of the conducted experiments, stable data transmission, by means of 

white LED lighting and the coding by means of UART technology, has been 

achieved. The obtained results have allowed to provide for the regulation of 

temperature indoors, by means of optical wireless communication, via a LED 

lighting system. The base of the developed system, are inexpensive ATmega328P 
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microcontrollers. Such an approach makes wireless systems, which are based on 

the usage of LED devices, a good prospect. This being said, the main features of 

the suggested system, is the simplicity of construction and low production cost of 

the radio-electronic elements. The suggested control system provides fast 

transmission of the data needed for the current temperature and regulation. 

The advantages of the manufacture of control systems, with VLC technology is 

the organization of the values regulation system, providing the work of a “Smart 

House” and the intellectual energetic systems. The implementation of such 

developments is stimulated by the exponential growth in the use of LED lighting 

fixtures. 
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