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Abstract:

Lighting control is an extremely pressing task in the modern world. On the one
hand, poor lighting leads to reduced safety, including injuries and deaths. On the
other hand, excessive lighting leads to excess energy waste, which should be avoided.
This article describes the development of a lighting control module based on Arduino
Mega. The article provides a selection of the necessary equipment, and a block
diagram of the proposed device is also created. A 3D model of the device case was
developed, and the case was also printed on a 3D printer. The assembly of the
developed lighting control module is proposed.
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Introduction

In the context of modern trends in the development of enterprises, production
Is becoming more and more intelligent [1]-[9]. Accordingly, more and more diverse
monitoring systems are being applied to it, designed to optimize operation [10]-[16].
In such systems, a wide variety of sensors are widely used, depending on the
parameters that are planned to be optimized [17]-[23]. It should be noted that one of
the key areas is the so-called “green technologies”, that is, the rational use of
resources. There are several areas of application of these technologies, but in this
work we will pay attention to saving the use of electricity, namely the rational use of
lighting in industrial and other premises.

[llumination level control systems are modern software and hardware
complexes that are used to monitor work parameters at workplaces in production
facilities. They contribute to the improvement of labor efficiency, in accordance with
sanitary and hygienic standards, through digitalization of production.
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The production equipment monitoring system provides complete information
about the parameters of the premises, necessary for making management decisions,
making timely changes in the production process, automating production,
synchronizing equipment, analyzing and optimizing product quality. From this it can
be concluded that the lighting control module development is an actual and timely
applied task.

Related works

Within the framework of research into “green technologies”, that is, the
rational use of resources, a huge amount of research is being carried out. Let's look at
some of them related to light level control.

Scientists in [24] note that energy-saving-oriented illumination control always
causes optical spectra drifting in light-conversion-material-based white light-emitting
diodes, which are conventionally used as artificial luminaires in indoor areas. They
propose an approach that can be flexibly applied in large-scale based white light-
emitting diodes intelligent controlling systems for industrial workshops and office
buildings.

In study [25] the influence factors of illuminance distribution uniformity and
the energy-saving ability was researched for the indoor illumination control system,
which consists of a white light-emitting diodes matrix and a tabletop matrix.

Authors in [26] consider the enormous waste of electric energy in tunnel
lighting. To reduce them researchers propose their intelligent control system of road
tunnel lighting which can realize the effect of illumination moving with the vehicle.

Paper [27] state-of-the-art dimming techniques for visible light communication
illustrates from a multi-dimensional perspective, including the intensity domain, the
time domain, the frequency domain, and the spatial domain.

Researchers in [28] describe the hardware architecture of a light-emitting diode
illumination environment control module corresponding to the image acquisition
module for a chip-back defect inspection system.

A lighting control system based on Arduino for environmental condition
monitoring greenhouse was designed in [29]. The aim was environmental condition
monitoring at real-time.

Saravanan, G. and co-authors [30] developed an idea to manage the
illumination control of electrical systems in the workplace to control the excess heat
and light ray reflection. The sensors sense the operations of selected gadgets over a
smart phone.
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In [31] it is noted that the use of daylighting reduces energy consumption in
buildings, which can be achieved by the implementation of the hybrid illumination
systems.

The article [32] considers analysis and investigation of lighting automation
system in low-traffic long-roads.

Ghosh, A., & et al. in their work [33 propose an loT-based illumination
monitoring system, which enables the users to measure lux values at multipositional
indoor space using mobile sensors and store them in a cloud server network.

We see that a huge amount of scientific work is devoted to lighting control. It
should be noted the variety of problems solved in this area. Next in our article we will
consider our lighting control module

The modules construction

The designed module can include several sensors and executing devices that
will be placed in the production room. The specific architecture includes the
following devices:

— ESP32 and Arduino Mega are chosen as the central node;

— a single data exchange bus can be used to ensure data exchange between the
central node and other microcontrollers. The SPI protocol was chosen to provide
communication between the controllers, because it has a high data transfer rate and a
convenient interface for connecting many devices.

— LM393 was chosen as the sensor for the software module for automating the
industrial premises illumination level:

— a dimmer with the following characteristics was used: operating voltage up to
280 V alternating current 50 Hz (600 V maximum voltage at the peak); recommended
power without radiator up to 150 W; recommended power with radiator from 150 W
to 2000 W; maximum power with radiator up to 3000 W; voltage drop across the key
is1Vz0.1V.

The lighting module with four outputs contains two output contacts - analog
(AO) and digital (DO), as well as two contacts for connecting power. For reading the
analog signal, a separate output "AQ" is provided, from which you can get voltage
values from 0 V to 3.3 V or 5 V, depending on the power source used. The digital
output (DO) is set to logic "0" or logic "1" depending on the brightness. The
sensitivity of the output can be adjusted using a rotary potentiometer. The output
current of the digital output can reach more than 15 mA, which greatly simplifies the
use of the module and makes it possible to connect it directly to a single-pin or two-
pin relay, bypassing the Arduino controller. Figure 1 shows the schematic diagram of
the lighting module based on LM393 with 4 contacts.
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The control unit receives the output signal of the comparator and takes
appropriate actions depending on the illumination state. For example, it can turn on or
off the LEDs, adjust the light intensity, or send a signal to the automatic lighting
control system.

This schematic diagram of the light control module provides an accurate
measurement of the light level and allows to control the light automatically
depending on the needs. It can be used in various applications, such as indoor
lighting, automatic control via an app or automatically.
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Figure 1: Module schematic diagram
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The prototype was assembled based on the developed schemes for the devices.
A breadboard was used to create the central node. The appearance of the central node
prototype is shown in Figure 2.

This prototype is an intermediate step in the process of developing and
validating the lighting control module before its final integration into the system. Its
use allows you to check the functionality and efficiency of circuits and components
before using them in the final device.

Figure 2: Module central node assembled prototype

For the pre-designed and assembled prototyes, cases were created in which the
module components are mounted. To develop a device, it is first advisable to carry
out its three-dimensional Modeling [34], [35].

The Blender online service was used for three-dimensional housings modeling.
After developing the models, they were measured, and based on this data, a database
of three-dimensional models of the cases was created. The case of the central node
should have a hole for connecting the microUSB cable to the board. This
architectural solution is necessary for charging the internal battery of the device, and
also provides a convenient and accessible interface for updating the microcontroller
software in case of errors detected during the operation of the module. The process of
creating a three-dimensional model of the module central node case using the Blender
platform is shown in Figure 3 and Figure 4.
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Figure 3: Three-dimensional model of the case, lower part

Figure 4: Three-dimensional model of the case, upper part

We decided to make a case using 3D-printing technology, because it is a very
accessible and simple way [36], [37]. When choosing 3D printing software,
Ultimaker Cura was chosen.

PLA (Polylactic Acid) was chosen as the material for printing the device case,
which should ensure that the body is stable, strong and had a smooth surface. PLA is
one of the most common materials for 3D printing, and it is made from biodegradable
polymers that are resistant to degradation, making it environmentally friendly. It is
quite easy to work, does not require special equipment for printing, cools quickly and
has high accuracy. In addition, PLA is a sufficiently strong material, which allows
you to get a stable and durable body structure. It is also easy to process after printing,
such as sanding or painting, to give the final product the desired look.

As a result, | got the plastic case shown in Figure 5 and Figure 6.
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Figure 5: Finished case for the board, bottom view

Figure 6: Finished case for the board top view
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Conclusion

Lighting control is an important task nowadays for a number of reasons.

Firstly, it is necessary to talk about saving energy. Dimming or automatically
turning off lights helps reduce energy consumption, leading to savings on your
electricity bills.

Secondly, we note comfort and convenience. The ability to adjust the
brightness, color and distribution of light in a room can create a cozy and comfortable
atmosphere for work, relaxation or entertainment.

Thirdly, this is a security issue. Smart lighting control, especially using motion
sensors, can provide security in your home or outdoors, including occupancy
detection and preventing potential incidents.

Fourthly, automation. Automatic lighting control systems can integrate with
other smart systems in the home, such as security systems, climate control and
audio/video systems, making life more convenient and efficient.

And finally, aesthetics and mood. The ability to adjust the color temperature or
lighting of different areas of a room can help create a certain mood or highlight
architectural features of the interior.

Lighting control can be a key element to improving efficiency, comfort and
safety in workspace or even home.

This paper describes the development of a lighting control module. First, the
necessary equipment was selected, then a structural diagram was developed, the
product body was created using 3D printing, and the module was assembled.

In the future, it is planned to develop software that will automatically regulate
lighting in a production room based on specified parameters.
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