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Abstract: This article describes the development software for a lighting control
module based on Arduino Mega. At first main requirements for such software development
are considered. These requirements include the following: lighting monitoring; determination
of the normative level of illumination; deviation warning; lighting control. A client-server
model was used. The client part is implemented in the form of a web interface, and the server
part provides data storage and processing.

Key words: Lighting control, Illumination control, Lighting module, Intelligent
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Introduction Modern production is rapidly being rebuilt taking into account
cyber-physical systems and Industry 4.0 [1]-[12]. Due to the fact that in the modern world the
use of energy-saving technologies [13], [14] both in production and in everyday life is gaining
momentum, the relevance of lighting control is also increasing.

It should be noted that the use of the principles of the Industry 4.0 concept involves the
use of a wide variety of sensors [15]-[17]. Therefore, many sensors are also used to implement
such systems. Various methods and algorithms can also be used here [18]-[29].

Light control refers to the regulation of the level of light in a certain space in order to
create optimal conditions for work, leisure or other activities. There are several ways to
control lighting in different contexts. Among them the following types can be distinguished.

Switches and dimmers. Switches with dimmers — allow you to gradually adjust the
brightness of the lighting. Dimmers are special devices for precise control of light brightness.

Automated systems. Motion sensors — turn on the lights when motion is detected and
turn them off when people leave the room. Light sensors — adjust the brightness of the light
depending on the level of natural light in the room.
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Smart home systems. Smart lamps and light bulbs — can be controlled using a
smartphone or voice commands.

Lighting schedule programming — systems that automatically turn lights on and off at
specific times.

Energy saving technologies. LED lighting — consumes less energy and provides greater
flexibility in dimming. Energy saving light bulbs.

Centralized control systems. Smart lighting systems — allow you to integrate lighting
control with other smart home systems. Building Management Systems — Large buildings and
offices use systems that automatically control all aspects, including lighting.

Solar curtains and blinds. Automatic adjustment — can adjust the interior lighting
according to the angle of the sun's rays.

Light control can be adapted to different needs and scenarios, ensuring comfortable
conditions while optimizing energy consumption.

This work will consider an automated lighting control system using appropriate sensors
and software development for a device developed in [30].

Related works

Due to the extreme relevance of the introduction of energy-saving technologies, many
scientists are engaged in research in this area, in particular the problem of lighting control

Let us begin our literature analysis from the paper [31]. In this work authors consider
optimal control of environmental conditions that can be used to facilitate the improvement of
lettuce plant growth and light use efficiency. This article reviews and discusses the effects of
light, air velocity, temperature, relative air humidity, and CO2 concentration on the growth
and development of lettuce plants.

Researchers in [32] propose a low-cost new system and successfully evaluated it by
developing three devices, namely the measure and control device for street lights, lighting
level measurement device and gateway LoRa network, based on the Arduino open-source
electronic platform.

Article [33] proposes a smart lighting control method for indoor environments with
both dimmable (controllable) and uncontrollable external light sources.

In [34] the authors present recent and significant state-of-the-art interior lighting system
control techniques in commercial buildings. The review focuses on several key research,
including sensing technologies, objective functions and constraints, techniques, tools, and
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energy performances. A survey trend analysis is presented graphically and the findings are
discussed extensively.

Research [35] provide information about the differences, advantages and disadvantages
of Web, Thingspeak and Blynk applications for Smart Home devices to turn on and off house
lights via the internet using laptops and smartphones.

A novel data-driven model predictive control (MPC) method that is based on the
temporal sequential-based artificial neural network is proposed to overcome this challenge
using an updated historical occupancy status [36].

Carli, R., & Dotoli, M. in [37] propose a decision-making procedure that supports the
city energy manager in determining the optimal energy retrofit plan of an existing public street
lighting system throughout a wide urban area.

Paper [38] considers the system that is capable to autonomously adjust street lamps’
brightness on the basis of the presence of vehicles (busses/trucks, cars, motorcycles and bikes)
and/or pedestrians in specific areas or segments of the streets/roads of interest to reduce the
energy consumption.

So we see a lot of work in different scientific fields aimed at controlling lighting. Later
in this article we will look at the software development for the lighting control module
proposed in [30].

Web application development

Proposed software was developed for the developed device presented in [30]. Since the
ESP32 microcontroller is used as the controller of the module nodes, a development
environment called Arduino IDE version 1.8.1 was chosen for the software development.

An Arduino program was written to control indoor lighting using an Arduino Mega
board and an LM393 sensor:

/l Connecting libraries

#include <BH1750.h>

I/ Connecting the light sensor

BH1750 lightSensor;

/I Connecting pins for controlling lamps

const int lamp1Pin = 2;

const int lamp2Pin = 3;

const int lamp3Pin = 4;
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const int lamp4Pin = 5;
// lluminance thresholds for turning on/off lamps
const int thresholdOn = 500; //The illumination value for turning on the lamps
const int thresholdOff = 300; //The illumination value for turning off the lamps
void setup() {
/l Light sensor initialization
lightSensor.begin();
//Setting the lamp control pins
pinMode(lamp1Pin, OUTPUT);
pinMode(lamp2Pin, OUTPUT);
pinMode(lamp3Pin, OUTPUT);
pinMode(lamp4Pin, OUTPUT);
void loop() {
// Getting the illuminance value
int lightLevel = lightSensor.readLightLevel();
// Turning on/off the lamps depending on the light level
if (lightLevel > thresholdOn) {
digitalWrite(lamp1Pin, HIGH);
digitalWrite(lamp2Pin, HIGH);,
digitalWrite(lamp3Pin, HIGH);
digitalWrite(lamp4Pin, HIGH);
} else if (lightLevel < thresholdOff) {
digitalWrite(lamp1Pin, LOW);
digitalWrite(lamp2Pin, LOW);
digitalWrite(lamp3Pin, LOW);
digitalWrite(lamp4Pin, LOW);
by
delay(100); // Delay before next iteration
}n this program, the light sensor is connected to the Arduino Mega board. Depending
on the light value received from the sensor, the lamps will be turned on or off. The brightness

threshold values thresholdOn and thresholdOff can be adjusted according to the conditions of
use.
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This example program uses buttons and lights connected to the corresponding pins on
the Arduino Mega. Each button turns the corresponding lamp on or off, as well as the ability
to turn off the light completely. The interface of the application is shown in Figure 1.

Lighting Control Lamp 4

ArduinoProm

Lighting Control

% %

Lamp 1 Lamp 4 Turn off everything

Figure 1: System control application

In order to control and ensure the necessary level of illumination, a web application
was developed, shown in Figure 2. It allows illumination monitoring and control in production
premises.

The first step in developing a web application was to conduct a requirements analysis.
The customer defined the following main functional requirements:

— lighting monitoring: The web application must receive data on the level of
illumination from sensors placed in production premises and display this data on a graph or
in a table;

— determination of the illumination normative level: the Application should allow
setting the illumination normative level in accordance with the requirements of normative
documents;

— warning about deviations: the user should receive a warning or a notification if the
level of illumination exceeds or falls below the set standard;

— lighting control: The application should allow remote lighting control, turn on or off
lights, and adjust their brightness.

After the requirements analysis, the next step was to develop the web application
architecture. It was decided to use a client-server model, where the client part will be
implemented in the form of a web interface, and the server part will provide data storage and
processing.
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At the stage of web application implementation, modern web technologies and
programming tools were used. For the client side, HTML, CSS and JavaScript were used to
develop the user interface. For the server part, Node.js was used to create an API for
processing requests from the client and interacting with the database.

Example of html code:

<IDOCTYPE html>

<html lang="en">

<head>

<meta charset="UTF-8">

<meta name="viewport" content="width=device-width, initial-scale=1.0">
<link rel="stylesheet" href="styles.css">

<title>Web App</title>

</head>

<body>

<div class="container">

<h1>Web App</h1>
<div class="button-container">
<putton class="button">On</button>
<putton class="button">Off</button>
</div>
<div class="slider">
<p class="slider-label"> Brightness level </p>
<input type="range" min="1" max="5" value="1" step="1" class="slider"
id="slider">
<div class="slider-markers">
<div class="marker"></div>
<div class="marker"></div>
<div class="marker"></div>
<div class="marker"></div>
<div class="marker"></div>
</div>
<p id="sliderValue">1</p>



https://journalseeker.researchbib.com/view/issn/2181-4570

ISSN (E): 2181-4570 ResearchBib Impact Factor: 6,4 / 2023 SJIF(2023)-3,778 Volume-2, Issue-2

</div>
</div>
<script src="script.js"></script>
</body>
</html>
An example of css code that is responsible for the on and off buttons and their
characteristics:
body {
margin: 0O;
padding: 0;
font-family: Arial, sans-serif;
background-color: #f2f2f2;
¥
.container {
display: flex;
flex-direction: column;
justify-content: center;
align-items: center;
height: 100vh;
¥
hl {
color: #333333;
margin-bottom: 10px;
margin-top: 20px;
¥
.Jbutton-container {
display: flex;
justify-content: center;
margin-bottom: 10px;
margin-top: 10px;
}
Jbutton {
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background-color: #4CAF50;
color: #ffffff;
border: none;
border-radius: 4px;
padding: 10px 20px;
font-size: 16px;
cursor: pointer;
margin: 0 10px;
box-shadow: 0 2px 4px rgba(0, 0, 0, 0.2);
transition: background-color 0.3s ease;
by
.Jbutton:hover {
background-color: #45a049;
b
This block of code is responsible for the brightness slider in the app:
slider {
width: 300px;
background-color: #dddddd;
-webkit-appearance: none;
height: 10px;
border-radius: 5px;
outline: none;
margin-top: 10px;
position: relative;
by
Slider::-webkit-slider-thumb {
-webkit-appearance: none;
appearance: none;
width: 20px;
height: 20px;
background-color: #4CAF50;
border-radius: 50%;
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cursor: pointer;
margin-top: -5px;
position: relative;
Z-index: 2;

b

Slider::-moz-range-thumb {
width: 20px;
height: 20px;
background-color: #4CAF50;
border-radius: 50%;
cursor: pointer;
margin-top: -5px;
position: relative;
z-index: 2;

¥

Slider-markers {
display: flex;
justify-content: space-between;
position: absolute;
width: 100%;
top: 50%;
transform: translateY (-50%);
z-index: 1;

}

.marker {
width: 5px;
height: 5px;
background-color: #888888;
border-radius: 50%;

}

slider-label {

font-size: 16px;

NN
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color: #333333;
margin-bottom: 10px;
by
An example of a java script script:
const slider = document.getElementByld('slider");
const sliderValue = document.getElementByld('sliderValue');
slider.addEventListener(‘input’, function() {
sliderValue.textContent = this.value;
bk
Off
The result of the system management web application is shown in Figure 2.

Web App

Brightness level

1
Figure 2: System control web-application

Conclusion

The article discusses the developed software for the device, the development of which
Is described in the previous article [30]. The main stages of creating such software are given.
The requirements for such tasks are considered. The interface of the lighting control system
is presented. It was decided to adopt a client-server model. The client part was implemented
in aweb interface, and the server part ensured the saving and processing of data. For the client
part, HTML, CSS and JavaScript were used to develop the client interface. For the server side,
Node.js was used.
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