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WIRELESS SERVOMOTOR CONTROL FOR REMOTE ACTUATION

Urgency of the research. Actual trends of home and hobby automation focus on implementation solutions to everyday
life situations. The main goal is usually to simplify or remotely control a task with low cost devices.

Target setting. When designing automation systems of different devices, developers are trying to find the most
reliableand effective solution with fulfilling every base requirement.

Actual scientific researches and issues analysis. To prepare this paper, different publicly available datasheets and
experimental solutions were analyzed as well as conclusions of our previous and other ongoing experiments were used to
create the knowledge base about this topic.

Uninvestigated parts of general matters defining. There are many different communication solutions and every
manufacturer of communication device provides its own solution. This paper is insufficient to describe them all. But creates
base for further result comparison with other future solutions of the same task. The proposed solution is not connected to any
moving object. In a real application the requirements of torque and system power consumption has to be considered.

The research objective. In this article a model of a remote control system is proposed for a home automation, in this
article a wireless connection is created to remotely control position of servomotor.

The statement of basic materials. To propose a future model of home appliance control system it is necessary to
implement the newest communication technologies. Using the new communication protocols such BLE, LoRA or nRF
provides good basis to solve this issue.

Conclusions. The proposed paper introduces a model wireless remote control system for simple tasks such controlling of lights
or dimmers. The tested system provides a good basis for future real life application, however, it needs to be adapted to specific tasks.

Keywords: wireless control; home automation; servomotor.
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Introduction. The main task of remote control systems is to operate another devices from
a distance. In the past these systems were realized as wired low range teleoperation systems.
In current solutions this kind of remote operation is applied only for very hazardous task such
as radioactive or explosive environments. The wired systems are replaced with wireless
communication and nowadays automated systems are aimed to make everyday life easier and
more comfortable for every person in society. This can be reached by creating of different au-
tomated microsystems which can replace or help with tasks such as appliance control or ope-
ning and closing of objects controlled by electrical devices. [1]

Not every automation task requires connection via Internet and people with temporary or
permanet disabilties can use local wirelessly controlled devices. This type of remote control
system can be built using wireless communication protocols as:

e Bluetooth, BLE

e ESPNow

e LoRA

e ESPNow

¢ Other RF based protocols.

Each of these communication tools share the form 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 transfered data doesn’t
contain any private information and in most of cases they are not time critical too [2-4].

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

Minimal requirement to determine applicability of servo motor is to determine 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). It means that if we want to lift a 2 kg object, and the lever
arm is 2 cm long, we need a 0,4 N-m torque. The SI unit for torque is N-m or kg-m?-s 2,

For the purpose of an experimental system testing there is no exact task to be controlled
remotely, and the devices are tested only as laboratory example. The main goal is to control
the position of the servomotor.
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The proposed control system consists of a transmitter device and receiver device, which
are networked via the nRF24 modules. The input of the system is a potentiometer of 10kOhm,
which is directly connected to the analog input of the microcontroller. This voltage value is
read and processed to a digital value by the 10-bit ADC integrated to the Arduino. The pro-
cessed value is then sent to the receiver of the system. The receiver controller has an attached

servomotor connected to one of its digital outputs.
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Fig. 1. Proposed remote control system

nRF24L01 RF module. This device works as transceiver modules, 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 kbps to 2 Mbps, 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 [5, 6].

The modules work with power supply of 1.9 to 3.6 V and have a consumption of 12mA
during a normal operation. This makes the devices very battery friendly for remote system.
The module communicates with the controller via SPI protocol.

Most of the module pins are 5V tolerant and can be easily interfaced with the Arduino like
microcontrollers. Each module can communicate through 6 “Pipelines”, which means each
module can communicate with 6 other modules to transmit or receive data. This makes the
module suitable for star and mesh networks of IoT systems.

The module has to be configured within the control program of the connected microcontrol-
ler. There are available configurations defining the transfer speed, communication channel,
power amplification, message size.

In our case the address was chosen 0, while the communication channel is 115 out of the
available 125. The speed can variate from 250 kbps to 2Mbps. The power levels for the radio
amplifier are adjustable to MIN, HIGH or MAX. For the maximum range the MAX is re-
commended but this creates an increased current consumption, so in case of battery powered
systems this have to be considered while calculating the battery life.
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Fig. 2. nRF24L01 Pipelines communication principle
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Arduino UNO R3. Arduino Uno is a microprocessor board based on ATmega328P. It
has 14 digital I / O pins (6 of which can be used as PWM outputs), 6 analog inputs, USB con-
nection, power connector, [CSP header and reset button. It can easily be connected to a com-
puter using a USB cable powered by an AC adapter or a battery [7].

Table 1

Technical details of ARDUINO UNO REV3
Microcontroller ATmega328P
Operating voltage 5V
Input voltage (recommended) 7-12V
Maximum input voltage 6-20V
Number of digital inputs / outputs 14 (6PWM)
Analog inputs 6
Maximum current for Vs / Res 20 mA
Maximum current for 3.3 V input 50 mA
Flash memory 32 KB
SRAM 2 KB
EEPROM 1 KB
Operation cycle 16 MHz
Dimensions (Length x Width) 68.6 x 53.4 mm
weight 25¢g

To power the pins:

* Vin - input voltage for powering the board or powering peripherals.

* 5 V output pin for peripherals.

* 3V3 - reduced power supply.

* GND grounding pin.

* IOREF - reference voltage pin.

UART TTL (5V) serial communication is available to communicate with other devices. It
uses RX and TX pins. In addition to UART, I2C or SPI communication can be used.

For communication with the computer it is possible to use the so-called serial monitor. Us-
ing it, we can transfer data to a PC.

Microservo. As an example output device the MG90S micro servo motor is used. This
servo is suitable for task of remote control such as RC models. The movement of the servo is
limited to 180°, or 90° in each direction. The technical characteristic of MG90S 1is described
in the table below [8].

Table 2
Technical details MG90S
Weight 134¢g
Operating voltage 4.8-6 V
Current 10 -250 mA (stall 700mA)
Torque (4.8 V) 0.1765197 Nm
Torque (6 V) 0.2157463 Nm
Operating speed (4.8 V) 0.1/60 °
Operating speed (6 V) 0.08 s/60 °
Dead band width 5 us

Software. For programming and configuring the remote control system the Arduino IDE pro-
gramming environment was used. It is a Java application, created to program different microcontrol-
lers of Arduino and its clones. The main software includes the code editor, compiler, uploader and
also tools for serial port monitoring. Every created control software includes the following parts:

- Declaration of variables, used libraries

- Configurations of I/O devices and communication

- Control loop, which will be conducted cyclically.
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Figure below shows the programming environment Arduino IDE.

The control software is described @ sketch_dec03a | Arduino 164 - O X
with control algorithms below. The Fle Eiit Shemh Took Hek
control software starts with the decla- =
ration of used libraries, which inte- v:zj“j:fj;o ( =

grates functionalities to work with the // put your setup code here, to run once:
connected peripheries as the commu-
nication modules and the servomotor.
After the needed libraries the varia-
bles of the control program are de-
clared. These variables include volt-
age value from the potentiometer,
control value for servo position,
communication variables. The next < | | >
step is to configure the used commu-
nication channels and pins on the mi-
crocontroller. Finally, the main part of
the control software is created, which -
is cyclically repeated. Fig. 3. Arduino IDE

1

void loop () m
// put your main code here, to run repeated]

Data structure for communication, Data structure for communication,
Communication configuration Communication configuration

s communication active s communication active

Connected device Connected device

'Analog value

Read value,
Process value,
Send value

Read the
message

Process value
Write the position

Fig. 4. Control diagram — sender and receiver programs
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Proposed system. The proposed system was tested in laboratory environment. The picture
below shows the proposed connection of both sides and the physical realization of such con-
nections. The main microcontrollers are Arduino UNO Rev3. For experiments the USB Pow-
er supply cables were used. Also, for programming and monitoring of this system, the serial
monitor functionality of the Arduino IDE was used.

The communication between the PC and the microcontrollers is configured to 9600 bit/s.
The RF communication proceeded on channel n. 115. The speed of the wireless data transfer
was 250 Kbps. The power amplifier was chosen to be LOW because of the short distance be-
tween the communicating partners. The final wiring of the system is shown on the next figures.

Fig. 5. Wiring schemes — sender and receiver

The experimental testing was successful. The picture below shows part of the control
software with a detail of the received messages.

I receiver

J¥*CE — 7
MISO - 12
MOSI - 11 COM3 (Arduino/Genuino Uno)
SCK - 13
cs - 8 ||
Recently tested with nano

*f

Received:39

Received:39
#include <SPI.h>

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

Received:39

Received:39
Servo myservo;

Received:39
RF24 myRadio (5, 10);

Received:39
struct package

{ Received:39
int msg;

s Received:39
typedef struct package Package;

Package data; =
Automatické rolovanie

byte addresses[][6] = {"0"};
void setup()
{
Serial.begin(9600) ;
myRadio.begin() ;
myRadio.setChannel(115); //115 band above WIFI signals

Fig. 6. Wiring schemes — sender and receiver

Conclusion. In this paper, a proposal of model remote-control system is described. To
fulfill a real-life task requirement, it’s necessary to replace the servo motor to be able to ma-
nipulate with an object, also the power consumption has to be analyzed. In this case a model
system can only represent the means of describing functioning not a concrete device for a
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specific application. The communication protocol nRF is lightweight transfer technology
working in the range of standardized ISM band. With its characteristic it’s well suitable for
simple home automation systems, where one or more physical tasks are replaced with electri-
cal devices. As a controlled device a servomotor is implemented on the receiver side. The po-
sition 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 to digital conversion.

The carried-out experiment showed that to automate tasks as an appliance control (light-
ing and dimmer devices) a remotely controlled actuator is suitable solution. This type of au-
tomated system can help to older 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 availa-
ble systems the proposed solution offer advantages as reconfigurability with different periph-
eral devices, reusability in various tasks and provides good basis of knowledge in the educa-
tion of students of automation and mechatronics.
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VIIK 62-529:681.5
Paxaii Pobepm

BE3MPOBIIHUI KOHTPOJIb CEPBOMOTOPA
JJISI JUCTAHIIIMHOT'O YIIPABJIITHHS

Axkmyanonicme memu 00ciioncennsn. Axmyanvhi menoenyii asmomamusayii 0omy ma Xo0i 30Cepeddicyiomvcs Ha
B8NPOBAVIICEHHI NPOCMUX PilleHb Y NOBCAKOeHHT ocummesi cumyayii. OCHO8HA Mema - ye, sIK Npasuio, cnpocmumu abo 8io-
OaneHo Kepygamu 3a80AHHAM i3 HEOOPOUMU NPUCTIPOSMU.

Ilocmanogxa npoonemu. Pospobrsiouu cucmemu agmomamusayii pisHuUx HPUcmpois, po3poOHUKU HAMALAIOMbC
3Haimu Haunpocmiuie piuents 3 BUKOHAHHAM KOJICHOI 0A3080i UMO2U.
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Ananiz ocmannix oocnioycens i nyonikayiu. /[ns niocomosxku oanoi pobomu Oyau npoaHanizoeani pizHi 3a2anbHO00-
CcmynHi mabnuyi OaHUX Mma eKCnepUMEeHMAIbHI PIleHHs, a Makoc 0yau 3po0ieHi UCHOBKU HAUUX NONEPEOHIX ma THUUX
NOCMITIHUX eKCnepUMenmia Olisi CmeopeHts 0asu 3HaAHb 3 yiel memu.

Buoinennsn nedocniosycenux wacmun 3azanvhoi npoonemu. Icnye 6a2amo piznux KOMYHIKAUITTHUX DiULleHb, | KOJICeH 6U-
POOHUK NPUCIPOIO 36'513KY NPONOHYE C8O€ piwenHs. L[ cmammsa € nedocmamuvoio 015 ix onucy. Ane cmeoproe 6asy ons
NOOANBULO20 NOPIGHAHHS PE3YIbMAMIE 3 IHWMUMU MAUOYMHIMU PIUEHHIMU MIET Jic 3a0a4i.

Ilocmanoeka 3as0anns. Y yiti cmammi npononyemscs cucmema OUCMAHYIIHO20 KePYBaHHs Ol OOMAUHbOL asmoma-
muzayii, y yitl cmammi cmeopero 6e30pomose 3'cOHantsl 0N OUCIMAHYITIHO20 KePYBAHHS NOJIONCEHHAM CeP8OMOMOopd.

Buknao ocnosnozo mamepiany. l1Jo6 3anpononysamu mMaiubymnio mMooeis cucmemu YnpasiinHs nooymosumu npuid-
damu, HeobOXIOHO 6NPOBAOUMU HOBIMHI KOMYHIKQYIUHI mexHonoeli. Bukopucmantna HO8UX npomokonie 36'a3Ky, maxkux sK
BLE, LoRA abo nRF, 0ac xopouty 0cHO8Y O/ist GUPIULEHHS Y020 NUMAHHSL.

Bucnoexu eionoeiono 0o cmammi. Y 3anpononoeaniti cmammi npedcmasiena 6e30pomosa cucmema OUCManyitiHo2o
KepysauHs 0151 NPOCMUX 3a80aHb, MAKUX AK YRPasinta papamu abo oummepamu. Tecmosana cucmema 3abesneuye xopouty
OCHO8Y 07151 MAUOYMHbO2O 3ACMOCYBAHHS 8 PEANLHOMY HCUTNML.

Kniouosi cnosa: 6e3nposioHuti KOHMpPONb, OOMAULH ABMOMAMUZAYIsL; CEPBOMOMOP.
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