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Abstract

An optoelectronic system for controlling a direct current (DC) motor is presented in Part 1 of the
article. The software for the designed motor is described in Part 2. A system for processing data from
an infrared transmitter was built. The project was upgraded in successive stages of development,
and it ultimately evolved into a small computer with a motor controller. The designed system
automatically adjusts the motor’s rotation and speed. The user is tasked only with conveying
operational commands. The entire system is based on a single microcontroller.

The designed optoelectronic system receives user commands (the program can be modified
to support free-space optical communication networks conforming to all communication standards).
The system activates the motor, counts the number of rotations and adjusts the motor’s position.

The designed system operates on the following principle: the user sends commands to the motor
via a remote control with an infrared diode. The keys on the remote control have been programmed
with different commands. The transmitted data are processed by the system which activates the
motor and sets the desired motor speed. The task is completed, and the system is ready to process
the next command. If the number of rotations differs from the preset value, the motor’s position
is adjusted. If the physical position of the rotor axis is altered, the system corrects the offset to the
last programmed position. The designed system can be easily adapted to various types of motors
and IR controllers.
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Introduction

Wireless infrared devices for controlling direct current (DC) motors use
free-space optical communication networks. Free-space optical data links rely
on electromagnetic radiation in the visible or the infrared spectrum which is sent
by the transmitter to the receiver, where electric charge — the control signal —
is generated by a stream of photons. The signal is then amplified, demodulated
and processed. In this solution, the signal is carried by the free space between
the transmitter and the receiver. Various sources of electromagnetic interference
with a wavelength similar to the wavelength at which the transmitter and
the receiver operate can limit the applicability of the above solution. In indoor
premises, electromagnetic interference is generated by heat sources, lamps
and sunlight, and the number of potential disruptors is likely to increase over
longer communication distances. Despite the above, numerous devices can be
implemented in free-space optical communication systems, including distance
sensors, slotted optical switches with aperture width of several millimeters
to more than 10 centimeters, remote controls for household equipment with
a range of several meters, data transmission systems used by telecommunications
companies, such as VL.C and FSO with data transmission speeds of up to 10 GB/s
and a range of more than 10 kilometers, as well Lunar Laser Communication
Demonstration (LLCD) which relies on laser light to communicate with a receiver
station across a distance of several hundred kilometers (385 km).

The aim of this study was to develop an optoelectronic system for controlling
a DC motor. A system that processes data from an infrared transmitter and
handles tasks broken into data frames was built. The project was upgraded
in successive stages, and it ultimately evolved into a small computer with a motor
controller. The designed system automatically adjusts the motor’s revolution and
speed. The user is tasked only with conveying operational commands.

The device receives user commands (the program can be modified to support
free-space optical communication networks conforming to all communication
standards). The system activates the motor, counts the number of rotations and
adjusts the motor’s position. The system features optoelectronic components,
a DC motor and devices for controlling the motor.

The user sends commands to the motor via a remote control with an infrared
diode. The keys on the remote control have been programmed with different
commands. The transmitted data are processed by the system which activates
the motor and sets the desired motor speed. The task is completed, and the
system is ready to process the next command. If the number of revolutions
differs from the preset value, the motor’s position is adjusted. If the physical
position of the rotor axis is altered, the system corrects the offset to the last
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programmed position. The designed system can be easily adapted to various
types of motors and IR controllers.

A patent application for the developed system has been submitted to the
patent office.

Main assumptions

The aim of this study was to develop and optoelectronic system for controlling
a DC motor. The physical position of the shaft axis was monitored by two position
sensors. The motor was controlled by a system which smoothly adjusts the motor’s
speed and direction of rotation.

— the system for controlling a DC motor should fulfill the following
requirements:

— the system should be powered from a DC source with the option of using
batteries for controlling mobile devices;

— the motor’s rotational speed should be controlled within a wide range
of values;

— motor load during start-up should be minimized;

— constant torque should be maintained on the shaft during start-up;

— the control system accessible to the user should be galvanically isolated
from high-voltage circuits in the drive system;

— the user should be able to program the motor’s rotational speed and monitor
the motor’s and the system’s performance;

— system development costs should be minimal.

The following tasks were performed to meet the above requirements:
suitable components for building the system were selected;
software for controlling the device was developed;
algorithms for operating the device were developed;
the system was built on a prototype breadboard;

— the developed system was tested.

The system was designed to meet the following technical requirements:

— data should be transmitted and received via infrared wireless
communication;

— the system should be easy to adapt for use in a different DC motor;

— the applicability of selected optoelectronic components for controlling a DC
motor should be verified;

— the rotation of a DC motor should be controlled with similar precision
to a stepper motor;

— the motor’s performance should be controlled with an IR remote control;

— the designed system should be transparent, and the user should be able
to modify system parameters without affecting the system’s overall performance;
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— the system should feature cheap and easily available components;

— the designed system should be highly reliable;

— the user should be able to monitor control parameters via a computer
connected to the microcontroller;

— programming tools should be developed to calibrate the entire system;

— the impact of the external environment on the system’s operation should
be minimized;

— the motor’s rotational speed should be controlled by pulse-width modulation;

— data transmission errors caused by noise should be eliminated.

The designed system should also meet the following functional requirements:

— minimal human control should be required to operate the system;

— the motor should be controlled and its position should be adjusted
automatically;

— the system should be reliable;

— calibration data should be transparent.

Block diagram of the control system

A block diagram should present the control algorithm in a simple and
transparent manner without a detailed analysis of the functional dependencies
in the designed system. An optoelectronic system for controlling a DC motor
is presented in a block diagram in Figure 1. The diagram was divided into
seven functional blocks which illustrate the functional dependencies between
system components.

The most important block is the microcontroller (2) which processes data and
1s connected to other system components. The role of each block is described below:

— (1) the data processing system monitors input ports and controls output
ports based on the received parameters and the developed algorithm;

— (2) the motor controller processes the signal from the microcontroller which
determines the motor’s rotational speed and direction of rotation;

— (3) motor — a rotating DC motor;

— (4) the power adapter supplies the device with electricity;

— (5) the system for monitoring the motor’s position and changes in state
provides information about the position and rotation of a DC motor;

— (6) the system for displaying information about the motor’s position presents
the number of steps communicated by the microcontroller;

— (7) the data receiver receives commands (data frames) via an infrared
link.
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Fig. 1. Block diagram of an optoelectronic system for controlling a DC motor;
1 — data processing system; 2 — motor controller; 3 — motor; 4 — power adapter; 5 — system
for monitoring the motor’s position and changes in state; 6 — system for displaying information
about the motor’s position; 7 — data receiver

Functional diagram

The functional diagram in Figure 2 presents the functional blocks shown
in the block diagram and provides detailed information about the connections
between system components, including pin headers.

The diagram of the entire system, subassemblies and the connections between
different components is presented in Figure 2. The main components are the
data processing system (block I) and the system that displays information about
the motor’s position (block 6). The system’s operations are governed by the
ATmega328p microcontroller which receives information from the optical encoder
(block 5) and TSOP32236 IR receiver (block 7). Block 1 sends commands to the
motor controller (block 2).

The signal sent by the IR remote control is received by the TSOP32236
miniaturized IR receiver module. The module has been designed for use in remote
control systems that rely on infrared light. A PIN diode and a preamplifier are
assembled on a lead frame in an epoxy package that acts as an IR filter. The IR
filter improves reception by blocking ambient light in the near-infrared spectrum.
A demodulated input signal can be directly transmitted to the microcontroller
and decoded. The supply voltage is 2.5 V to 5 V. The supply current is very low
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at 3 mA, and the output current is 5 mA. The connections of the IR receiver
are shown in Figure 2.

— OUT - output pin connected to the microcontroller;

— Vs — power supply pin;

— GND - ground pin.

All IR receivers contain photodetectors that sense light. A PIN photodiode
was applied in the designed system. Photodetectors are semiconductors that
operate on the same principle as photoemitters, but in a reversed order. When
a stream of photons hits a connection, electron-hole pairs are created and electric
current is generated. Cheap photodetectors are made of silicon and receive light
in the range of 780—-950 nm. PIN diodes, avalanche diodes and phototransistors
can be applied as photodetectors. Photodetectors, in particular Darlington
photodetectors, are highly sensitive, but they are characterized by relatively
slow response times and sensitivity to temperature. Phototransistors are used
in presence detection sensors, speed sensors and position sensors. They can be
also applied for data transmissions, but with low speed. A photodiode is more
resistant to saturation and has a faster response time.

Encoders measure position and changes in state that influence the rotational
speed and direction of DC motors. A shielded rotary encoder was installed
between two slotted TCST1103 optocouplers. The encoder tracks the rotation
of the motor shaft and counts pulses, which enables precise motor control.

The TCST1103 transmission sensor contains an IR emitter (LED diode) and
a phototransistor, positioned on opposite sides. The maximum supply voltage
is 70 V, and the maximum current is 60 mA for the emitter and 100 mA for the
detector. The optocoupler also contains a filter that blocks visible light to eliminate
interference. The LED diode emits IR light with 950 nm wavelength. The sensor
is encased and features 4 labeled pins for easy connection.

A phototransistor is activated by light with a specific wavelength. Bipolar
phototransistors are most popular. Bipolar transistors have transparent casing,
and the base-collector junction features a PIN photodiode. When photons hit the
photodiode, electron-hole pairs are created, and the generated electric current
controls the base-emitter junction. The greatest advantage of a phototransistor
is that unlike a photodiode and an integrated IR receiver, a phototransistor
possesses internal gain that does not have to generated outside the system.
However, a photodiode has to generate sufficient current to control a junction,
and response times are slow. Photodiodes applied in transistors have to generate
relatively high current, they are highly sensitive and produce more noise.
A phototransistor is a hybrid between a transistor and photodiode; therefore, it has
the same characteristic parameters, but the values of these parameters differ.

Block 7 receives information from the remote control, and the received data
are processed by the microcontroller. The motor (2) is driven by the LL298N
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controller which receives information from the data receiver and controls the
motor’s rotational speed and direction. The power adapter (4) is connected to the
controller.

The L298N controller features pins that control the operation of a DC motor,
and it can be additionally supplied by a 12 V 1 A power adapter. The adapter
enables motor operation at maximum voltage and maximum current intensity, and
it eliminates voltage drops that could disrupt the operation of the microcontroller.

The L298N driver unit controls the direction and rotational speed of a DC
motor. The L298N STMicroelectronics controller is an integrated monolithic
circuit in a 15-lead Multiwatt package with 12 V supply voltage. The maximum
output current is 2 A per channel. Maximum logic voltage is 5 V. The unit
features a built-in 5 V voltage regulator for supplying logic systems which can be
disconnected by installing a jumper. The input pins of the logic part are available
on 2.54 mm ARK screw connectors, and the system can be connected to the
breadboard without soldering. ARK screw connectors have been introduced as
motor outputs and power inputs. A radiator is mounted to the rear wall of the
L298N controller for improved heat transfer. The L298N is a dual H-bridge
controller that can simultaneously drive two DC motors or one stepper motor.
An H-bridge is an electronic circuit that switches the polarity of the voltage
applied to a load, and can be applied to change the direction of a DC motor.
The simplest H-bridge features four connecting elements. When two terminal
wires are connected, the motor is polarized to rotate in a given direction.
When the remaining two wires are connected, polarization is reversed, and
the motor rotates in the opposite direction. The circuit features four NPN
transistors. High voltage drops are a disadvantage of this solution. When the
motor is supplied with 5 V voltage, the voltage in the motor is much lower (3-4 V)
due to a drop in the collector-emitter saturation voltage of two active transistors.
The entire system should be provided with an overvoltage-protect circuit featuring
diodes. However, when the system is switched, the current flowing through
supply transistors could be too high, and the transistors could be damaged.
This problem can be resolved by reducing current with a resistor, but the more
powerful the motor, the greater the increase in current, which could damage
the system. Voltage drops can be minimized with MOSFET transistors. Due to
gate polarization, MOSFET transistors should be replaced by two P-type and
two N-type transistors. In a MOSFET transistor, the gate should be polarized
relative to the source, which is why the gate for P-type transistors is polarized
relative to power supply, and the gate for N-type transistors is polarized relative
to the ground. Voltage drops are caused only by RDS-ON resistors with very low
resistance. Control systems featuring MOSFET transistors are influenced by
the polarity of the input signal, and the same potential cannot be used to control
different types of transistors. By contrast, regular transitions are connected
in pairs to produce high current gain.
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Fully integrated H-bridges have been designed for a wide range of automotive
applications. They have overtemperature protection and better parameters than
the designed system. Integrated H-bridges have TTL logic design (0-5 V), and
they can be controlled with microcontrollers.

Ready-made modules speed up the selection of system components, and
they can be easily replaced when the results are unsatisfactory or when the
initial design assumptions are modified. Ready-made modules have features
and components that facilitate system operation.

The controlled device was a worm gear DC motor (3). A rotary encoder was
installed on the rotor shaft. The encoder is connected to optocouplers to monitor
the motor’s rotation. The worm gear simulates the motor’s operation under load
and features a self-locking mechanism which facilitates control and enables the
user to predict the motor’s behavior during operation. The components of the
designed control system have the following characteristics:

— DC motor without worm gear — brushed DC electric motor with input voltage
of 9-15 V; idle speed — around 7500 rpm; rated voltage — 12 V; idle current — 0.06
A; average power consumption — 0.22 W;

— worm gear: 1:150 reduction ratio; rotational speed — 50 rpm; materials —
plastic and metal. The worm gear features a self-locking mechanism;

— rotary encoder: external diameter — 35 mm, opening diameter — 4 mm;
distance between openings — 13 mm.

An optoelectronic rotary encoder measures rotational speed based on the
photoelectric effect. It is composed of a disc with transparent and opaque
segments. Infrared light transmitters are mounted on one side, and IR sensors
are attached on the other side of the disc. When the disc rotates, the emitted light
pulse reaches IR sensors, which leads to changes in voltage. Pulses are counted
to determine angular displacement. Measurement accuracy is determined by
the number of slits in the disc.

Conclusions

An optoelectronic system for controlling a DC motor was designed.
The developed system processes data from the IR transmitter and handles tasks
broken into data frames. The system receives user commands (the program can
be modified to support free-space optical communication networks conforming to
all communication standards), activates the motor, counts the number of rotations
and adjusts the motor’s position.

The designed system was built around an Arduino microcontroller which
is relatively cheap, enables system modifications in the design stage and can be
easily adapted during programming, which saves time and facilitates project
performance. The Arduino environment can be also extended through the use
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of libraries which facilitate the incorporation of new modules, including modules
without memory that can be easily adapted to the project’s needs.

The developed system can be upgraded and modified in the future.
The following solutions could be considered:

— the parameters of the DC motor could be displayed on an LCD screen;

— three motors could be mounted on the same frame to build a robotic arm
or a plotter;

— a proportional integral derivative controller could be incorporated into the
program to control motor rotation;

— the code for receiving user commands could be expanded;

— a rotating encoder with a larger number of slits could be applied to increase
control precision;

— rotational speed could be measured during the motor’s operation.
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