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The article deals with the design of a home automation system.
The proposed system combines wireless data transmission and
positioning device. The main components and their parameters,
which are necessary for building such system and base steps how
to create and test a device are described. The created system
can serve as a suitable basis for a truly deployed system with
minor changes, as the tested drive has not been connected to
any moving object, it can also serve as an example in the
education of students in fields such as Automation or
Mechatronics.
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1 INTRODUCTION

The goal to create remote control systems is to operate other
devices from a distance. First systems were realized by
connecting the operator and the actuator trough wires on short-
range teleoperation systems. At present this kind of solutions
are applied only for dangerous tasks implemented in radioactive
or explosive environments, where the operator could be
endangered. Nowadays the wireless data transfer replaced the
wired connection and the solutions are aimed to make everyday
life easier and more comfortable for every person in society
[Galajdové 2009, Krenicky 2011, Seminsky 2015]. Wireless
remote control systems help with tasks such as control of lights
or heating, ventilation, and air conditioning (HVAC), opening and
closing of doors, windows and controlling of different electrical
devices [Simgik 2016, Ketshabetswe 2019].

Nevertheless, every manufacturer of the modern home
automation system uses an Internet connection, not every task
requires it. People with temporary or permanent disabilities can
use local wirelessly controlled appliances, where the remote
control system can be built using wireless communication
protocols as:

Bluetooth, BLE, ESPNow, LoRA, and other RF-based protocols.
Each of these communication tools shares from low to medium
range, lower transfer rates and connection limitations. Despite
the limitations of the above-mentioned protocols, they can be
integrated to control lights, blinds, and other simple devices. The
transferred data doesn’t contain any private information and in
the most cases, they are not time-critical too [Kar 2017].

By integrating electrical actuators, we can carry out different
functions. For example, a servo motor can replace the activity
such as a door or hatch opening and closing.

The minimal requirement to determine the applicability of the
servo motor is to specify the torque. The torque is a force applied

at a right angle to a lever multiplied by its distance from the
lever's fulcrum (the length of the lever arm).

For a theoretical lift of a 2kg object and the lever arm of 2 cm
length, we need at least 0.4 Nm torque.

For the purpose of an experimental system testing, there is no
exact activity to be controlled remotely, and the devices are
tested only as a laboratory model. The main goal is to control the
position of the servomotor.

The proposed system consists of a transmitter device and
receiver device, which are networked via the nRF24 modules
(Fig. 1). The input of the system is an analog signal which is
transferred to the microcontroller. This voltage value is read and
processed to a digital value by within the Arduino. The processed
value is then sent to the receiver of the system. The received
message is processed and is used for attached servomotor
controlling.

Actuators

Sensors

Transceiver Receiver

Figure 1. Concept of local wireless control system with multiple sensors
and actuators

2 NRF24L01 RF MODULE

The device works as transceiver module, so each module can
send and receive data. The transmission is half-duplex, they can
either send or receive data at a time. These modules operate at
a frequency of 2.4 GHz (Industrial Science Medical -ISM band)
with a transfer rate from 250 kbit/s to 2 Mbit/s, which is legal in
many countries and can be used in industrial and medical
applications. With suitable antennas, they can transmit and
receive information up to 100 meters between them (Fig. 2)
[NRF24L01 2020a].

Figure 2. nRF24L01 module

The modules work with a power supply of 1.9 to 3.6 V and have
a consumption of 12mA during normal operation. This makes the
devices very battery friendly for the remote systems. The
module communicates with the controller via the SPI protocol.
Most of the module pins are 5V tolerant and can be easily
interfaced with the Arduino like microcontrollers. Each module
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can communicate through 6 “Pipelines”, which means that each
module can communicate with 6 other modules to transmit or
receive data. This makes the module suitable to create star and
mesh topology networks of 10T systems (Fig. 3).

The module must be configured within the control software of
the connected microcontroller. There are available
configurations defining the transfer speed, communication
channel, power amplification, message size.

The pinout of the used communication module is described in
the table below (Tab. 1). The table also shows the position of
each pin.

Table 1. nRF24 module pins

Pin Function

Function Pin

1 2 vcC
3 4 CSN
5 6 MOSI
7 8 IRQ

e  GNDis the ground pin for OV and is usually marked as
a reference for identifying the other pins.

e VCCisthe power pin.

e  CE (Chip Enable) is an active-HIGH pin, when selected
the module transmits or receives, depending on the
mode.

e CSN (Chip Select Not) is an active-LOW pin. When this
pin is low the module starts to listen on its SPI port for
data and processes it accordingly.

e SCK (Serial Clock) accepts clock pulses provided by the
SPI bus Master.

e  MOSI (Master Out Slave In) is the SPI input to the
module.

e  MISO (Master In Slave Out) is the SPI output from the
module.

e |RQ s an interrupt pin that can alert the master when
new data is available to processes [nRF24L01 2020b].

In our case, the address was chosen 0, while the communication
channel is 115 out of the available 125.

The channel sets the frequency according to the following
formula:

FreqSelected = 2400 + ChSelected (1)

Freq,,. = 2400 4+ Chyy5 = 2515 MHz (2)

The speed can variate from 250 kb/s to 2Mb/s. The power levels
for the radio amplifier are adjustable to MIN, HIGH or MAX. For
the maximum range, the MAX is recommended but this creates
an increased current consumption, so in the case of battery-
powered systems this must be considered while calculating the
battery life.

As the module includes a power amplifier (PA) and low-noise
amplifier (LNA) transmit, receive switching circuitry there are
significant transmission ranges that the device can achieve.

The PA merely boosts the power of the signal being transmitted.
The LNA takes the extremely weak uncertain signal of microvolts

(under -100 dBm) and amplifies it to a more useful level (0.5 to

1 Volt).
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- 2,402 GHz - “Pipelines”
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—

Figure 3. nRF24 channeling principle

3 ARDUINO UNOR3

Arduino Uno is a microprocessor board based on ATmega328P.
It has 14 digital 1/O pins (6 of which can be used as PWM
outputs), 6 analog inputs, USB connector, power connector, ICSP
header and reset button. It can be easily connected to a
computer using a USB cable powered by an AC adapter or a
battery [Arduino 2020].

The microcontroller uses 5V operating voltage, for inputs and
outputs too. The maximum current is 20mA for 5V and 50mA for
3.3V signals. The communication can be carried out by UART, 12C
or SPI protocols. For further option an outer communication
module is needed.

4 MICROSERVO

For testing the proposed system, a microservo is used as an
actuator. We chose the MG90S microservo. This electrical
actuator is suitable for controlling the position of small objects
and is used in remote control applications such RC models. The
movement of the servo is limited between 0° and 180°, or +90°in
each direction. The technical parameters of the MG90S are
described in the table below (Tab. 2) [MG90S 2020].

Table 2. Technical parameters MG90S

1349

4.8-6 V

10 -250 mA (stall 700mA)
0.18 Nm

0.22 Nm

0.1 s/60 °

0.08 s/60 °

5 us

5 SOFTWARE

Since we’re implementing the Arduino microcontrollers, as
programming environment the Arduino IDE is used (Fig. 4). It's a
Java application, used to program different microcontrollers
such Arduino and its clones. The main software includes a text
programming code editor, with integrated code compiler a tool
for code uploading and monitoring functionalities [Arduino
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2020]. The programmed control software includes the following
functional parts:

e  Librarycall

e  Variable declaration

e |/0 device configuration

e  Communication configuration
e Main control loop

& sketch_apr09a | Arduino 1.8.12 (Windows Store 1.8.33.0) — O X

Subor Editovat Projekt Nastroje Pomoc

sketch_aprO8a

1 poid setup() { ~
// put your setup code here, to run once:
4}
& void loop() {
7 // put your main code here, to run repeatedly:
9}
~

80 MHz, 4M (1M SPIFF:

Figure 4. Arduino IDE

Control algorithms (Fig. 5) were used to describe the control

software. The left algorithm shows the controller side with the

potentiometer, while the right side describes the controlled

actuating side with the servomotor.

Data structure for communication,
Communication configuration

Data structure for communication,
Communication configuration

Connected device

Read the
message

Read value,
Process value,
Send value

Process value
Write the position

Figure 5. Control diagram

As mentioned before variable declaration and library calls are
placed at the beginning of the code. These steps integrate the
necessary functionalities to work with the connected
input/output devices and with the communication modules. The
variables define the memory space where the values of the
potentiometer, control values, communication variables are
stored. As next step the communication is configured. The
control loop follows which is repeated cyclically.

6 PROPOSED SYSTEM

The tests were carried out in laboratory environment. The Figure
6 below describes the real connection of each pin on both sides
of the system. As the picture shows the main control units are
Arduino Rev3. During the experiments the USB power supply
cables were used, but this can be easily replaced by a battery
unit. Also, the USB connection allows the monitoring of different
values such as the control angle and fast software uploading.

Figure 6. Wiring of the system

I receiver

& COM3 (Arduino/Genuino Una)

Received:35

Received:39
#include <SPI.h>

#include "RF24.h"
finclude <Servo.h>

Received:35

Received:39
Servo myservo;
Received:39
RF24 myRadio (3, 10);
Received:35
struct package
{ Received:39

int msg;

Received:35

package Package;

Package data; -
Automatické rolovanie

= addresses[][6] = {"0"};

void setup()

Serial.begin(9600);
n()y;
hannel(115); //115 band above WIFI signals

myRadio.

myRadio.
Figure 7. Control program and Serial monitor during tests
The communication between the PC, Arduino and the other
Arduino is configured as follows:

e Baud rate of data transmission between PC and
Arduinos is set to 9600 bit/s.

e The RF communication between
proceeded on channel No. 115.

Arduinos s

e  The speed of wireless transfer was 250 Kbit/s.
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e  The power amplifier was chosen to be LOW because of
the short distance between the communicating parts.

The final wiring of the connected parts is shown on Fig. 6. The
left assembly is the sender, controlling side, and the right
assembly is the receiver with the servomotor.

A wireless connection was created for testing. To evaluate
connection, we compared the data sent and received. The
testing was successful. Because of the communication protocol
definition, while the transmitting parts are in range there is no
communication error. The Figure 7 below includes detail view of
declared variables, used libraries, a help for the wiring. The
figure includes also a detail on the received data in the Serial
monitor window.

7 CONCLUSIONS

In this paper a remote control system was proposed. The
proposed system is not directly suitable for a real-life solution
but can be used as a good basis for such system. To fulfill a real-
life task requirement its necessary to replace the actuator with a
more powerful servo motor, and the power consumption has to
be analyzed. In the case model the system is aimed to test the
communication and control of the actuator by using a wireless
connection. The nRF communication protocol is a lightweight
transfer technology working in the range of standardized ISM
band. With its characteristics it’s well suitable for simple home
automation systems, where one or more physical tasks are
replaced with electrical devices. As an actuator an RC
servomotor is implemented on the receiver side. The position of
the servomotor is determined by the received messages from
the sender side. The input value of the system is created with a
potentiometer and analog voltage to digital data conversion.
The carried-out experiment showed that to automate tasks as
lighting and dimmer control a remotely controlled actuator is
well suitable solution. This type of automated system can help
elderly people and people with disabilities to make their
everyday life easier or comfortable or more independent. By
combining batteries with these systems, we can create simple
powerful micro automated systems. Compared to commercially
available systems the proposed solution offer advantages as
reconfigurability with different peripheral devices, reusability in
various tasks and provides good basis of knowledge in the
education of students of automation and mechatronics.
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