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DESIGN OF CONTROL SYSTEMS FOR A ROBOT FOR CLEANING
PUBLIC SPACES

The aim of this article is to examine the control mechanism for a cleaning robot employed in
public areas, focusing on the development of a controller for the cleaning robot. The motor
control system block diagram for the surface cleaning robot is created based on the principle
of Pulse-Width Modulation (PWM) for speed control. Each module’s functions in the control
system are separated and elaborated. The article presents a proposal for software and hardware
design, adopting a thinking model based on the AVR microprocessor. By using RS485 and PC
communication, following an agreed protocol, the control system facilitates the robot’s forward
and backward movements, rotation, and operation with a DC or stepper motor. Consequently, it
enables the surface cleaning robot to perform its work more effectively.

Key words: A robot designed for cleaning surfaces, The AVR Mega8535 microcontroller, control
system, modular design.
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TYPaKTHI TOK KO3FAJITKBIIIBIMEH HEMECe KA IaMIIbIK, KO3FAITKBIIIIEH K YMBICHIH KeHiaaereai. Con-
OBIKTaH OyJ1 OeT Tazasiay poOOTHIHA ©3 YKYMBICHIH THIMIPEK OPBIHIAYFa MYMKIHJIK Oepe/.
Tyiiian ce3nep: Ber razamay poborer, AVR Mega8535 MmukpokonTposuiepi, 6ackapy kyiieci, Mo-
JAYJIbAIK JIU33aH

M.K. »Kymaamnraes', M.K. Bakreibaes?, A.B. Baparosal,
A.H. Mycymman6exosal, A. Amnxan'
MucTuTyT MexaHnKy n MaIHOBeIeHN MMeHns akajgemnka Y.A. Jlxongac6exosa, Kasaxcran, . AmvaThr
2Satbayev University, Kazaxcran, r. Anvmarst
*e-mail: yojellyfish1992@gmail.com
IIpoekT cucTtembl yIpaBjgeHUsS pobOTOM JiJjisi yOOPKH OOIIECTBEHHBIX TTOMEIIeHUH

© 2023 Al-Farabi Kazakh National University


https://orcid.org/0000-0001-6583-0222
https://orcid.org/0000-0001-5931-3149
https://orcid.org/0000-0002-7106-5309
https://orcid.org/0000-0003-3557-5894
https://orcid.org/0000-0002-4704-0734

M.K. Zhumadillayev et al. 83

[esibro JaHHOI CTATHU SABJISIETCS U3yYeHIe MEXaHU3Ma YIIPaBJIeHUs] POOOTOM-YOOPIIIUKOM, UCIOJIb-
3yeMBIM B OOINECTBEHHBIX MECTaX, C YIOPOM Ha Pa3pabOTKy KOHTDPOJIEpa Jjis poboTa-yobopInuKa.
Brok-cxema cucreMbl yrpaBiieHHS JIBUTATEEM poOOOTA [JIsi OYUCTKU IOBEPXHOCTEH CO3IaHa
HA OCHOBE IPUHIUIA IIUPOTHO-UMILYJIbCHON Momyssanuu (IIIVM) mis yupasieHus CKOPOCTBIO.
QyHKINU KaXKJIOr0 MOJYyJsl B CHCTEeMe YIpaBJIeHWsl pa3jieJieHbl u rpopaboranbl. B crarbe
[IPEJICTABJIEHO IIPE/JIOYKEHNE TI0 MPOEKTUPOBAHUIO IIPOTPAMMHOIO U AIIAPATHOIO 00ECIeveHus,
HCIIOIB3YIONIEee MOJIEb MBIIIIeHnsT Ha ocHOBe Mukporporeccopa AVR. Ucnonssys RS485 u cBsa3b
¢ IIK B cooTBeTCTBUE C COTJIACOBAHHBIM ITPOTOKOJIOM, CUCTEMA yIIPABJIEHUs 0DJIerdaeT JTBUKEHUS
poboTa BHepen u Ha3all, BpalleHne u PabOTy C JIBUTATENIEM IMOCTOSHHOTO TOKA WJIK IArOBBIM
nsuraresieM. CJieI0BATEIBLHO, 9TO TO3BOJISIET PODOTY JJIs OYUCTKH IIOBEPXHOCTEH BBITOIHATH
cBoIo paboty 6ostee 3hdeKTUBHO.

Kurouessie cioBa: Pobor st ybopku mnosepxHocreil, mukpokonTposiep AVR Mega8535, cu-
cTeMa, YIpaBJIeHUsI, MOY/IbHAS KOHCTPYKITUST

1 Introduction

Surface cleaning robots are public space protection equipment, mainly used to collect garbage
in the restroom. In addition to their primary function of collecting garbage in public spaces,
surface cleaning robots offer several additional benefits. For instance, they can be used as tools
for evaluating the quality of indoor air, which is critical for ensuring the health and safety
of individuals who spend time in such spaces. Furthermore, they provide numerous societal
benefits, such as reducing the workload of human cleaners and promoting a cleaner, more
hygienic environment. Finally, the potential for promising applications of surface cleaning
robots is vast, as they can be further developed and modified to serve other purposes beyond
their current functions. These various benefits have been noted and supported by research
in the field [1, 2, 3, 4, 5]. At present, the responsibility for cleaning public spaces falls upon
human cleaners due to the absence of surface cleaning robot systems that possess flexibility,
mobility and high intelligence. However, with recent advancements in robotics technology,
the development of a control system for surface cleaning robots that can communicate with
the main computer and control system has become increasingly feasible. Such a system
would have theoretical significance by furthering our understanding of the capabilities and
limitations of robotic systems. In addition, the development of such a control system would
have significant applied value, as it would improve the efficiency and effectiveness of surface
cleaning in public spaces, reduce the workload of human cleaners, and promote a cleaner,
more hygienic environment. This potential has been recognized and supported by research in
the field [5, 6, 7, 8, 9, 10].

2 Literature review

Robots are used in many areas, even in everyday life (22). Robots for home use are on the
rise. Robot vacuum cleaners are especially known (23). Among the various robots that exist
in the world, only some robots can be used specifically for human household chores. Among
these robots, there is one particular type of robot that is very useful for everyone, and that
is the cleaning robot (24). A simple automatic robot that uses some predefined algorithms
and programs to clean a given area is called a cleaning robot. The main application of this
robot is to reduce human intervention in the cleaning process, which can be time consuming.
These robots can be used anywhere, i.e., in offices, homes, factories, etc. These robots can



84 Design of control systems for ...

be activated with the push of a button or can be pre-configured to activate at a specific time
(22).

As shown in Fig. 1, the whole system adopts a public space cleaning robot, previously
developed in the laboratory, based on the SCARA system, as a carrier. SCARA robots are a
new type of industrial robots that combine high precision and movement speed. The design of
SCARA robots consists of two arms connected together, attached to the base. Thus, SCARA
robots are four-axis robots with freedom of movement along the X —Y — Z axes, rotational
movement is also carried out along the Z axis. SCARA robots are ideal for moving loads
from point A to point B in a horizontal plane, if little movement is required along the Z
axis. Due to the rotational movement of the Z axis, SCARA robots can not only move
objects, but also screw them, which makes these robots indispensable on assembly lines. The
surface cleaning robot system is composed of three working motors, each serving a specific
purpose. The front stepper motor is responsible for collecting debris, while the left and right
rear DC motors control the X — Y axes to enable movement and navigation. The control
system receives information from the main computer, which it then processes and utilizes
to execute commands that control the three motors, ultimately working to accomplish the
desired objectives. The cleaning robots are also equipped to organize the information received
in real-time, utilizing the user protocol to send data to the monitoring center via the RS485
serial port. Upon arrival at the host computer, the batch data is recovered and displayed on
the control interface of the host computer, providing valuable information about the status
and performance of the cleaning robot. This sophisticated system serves as a testament to
the rapid advancements in robotics technology, making it possible to design and implement
intelligent and efficient solutions to complex problems in a wide range of industries.

Computer

Source of power Driver module

Control system

Fixing module Working module

.

Figure 1: Block diagram of the robot control system

3 Robot design concept

The design of the robot is determined by the working environment and the task. The
exploration robot comes with some limitations; the proposed robot can only work in a
structured and predefined workspace. In this study, bathroom dimensions should be no more
than 1000 mm wide and 1500 mm deep. According to the standard toilet cubicle systems in
Western European countries, the dimensions of the public toilet cubicle should be 850 mm
wide and 1500 mm deep.
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Depending on the robot performing the task, the robot arm must be accessible anywhere
in the workspace without blind spots and reasonably compact. Therefore, in this study, we
proposed a multi-joint robotic arm with a similar structure to the SCARA robot (see Fig. 2.
a, b). As shown in Figure 2b, the robot aligns itself along the slider guide after cleaning the
surface. Traditionally, in such a tight workspace, continuum arms have an advantage due to
their flexible structure. However, in this task, the Robot Manipulator must have a rigid link
to control a heavy tool [21].

Toilet tab

',Qﬁnf“m

b)

Figure 2: a) Robot working mode; b) Robot standby mode

4 Results and discussion

After analyzing the requirements for control systems of public area cleaning robots, it was
determined that the control system’s hardware circuit should consist of several important



86 Design of control systems for ...

components, including the motor control circuit, external watchdog, simulation download
module circuit, RS485 interface circuit, and power management circuit. The motor control
circuit is responsible for driving both the DC and stepper motors, which are crucial for the
robot’s movement and cleaning capabilities. A leak detection circuit is also included to ensure
the safe and proper operation of the robot. The general structure of the control system can
be visualized in Figure 3, which provides an overview of the various components and their
interconnectivity. By carefully designing and integrating these circuits, the control system
can effectively control the movements and actions of the cleaning robot, ensuring its proper
functioning and efficient operation.

Source of power

RS485 interface DC Motor

Loader MCU Stepper motor
ATMEGA8535

Garbage fixation

Figure 3: General scheme of building the control system hardware

4.1 Microprocessor

The ATmega8535 microprocessor serves as the fundamental component of the surface cleaning
robot control system, providing a high throughput of up to 1 Million Instructions Per
Second per Megahertz (MIPS/MHz). This ensures that the system can process data and
execute commands quickly, without compromising on power consumption. By utilizing the
ATmega8535 microprocessor, the surface cleaning robot control system is equipped with a
reliable and efficient core that can effectively manage and execute the necessary tasks required
for the proper functioning of the system.

4.2 DC motor drive module

In order to achieve the necessary movements of the surface cleaning robot, such as moving
forward, backward, and turning, it is crucial to have precise control over the speed and
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direction of the motor’s rotation. The speed control of a permanent magnet DC motor can
be accomplished through two primary methods: armature series resistance and supply voltage
reduction. However, using the armature series resistance method can result in instability at
low speeds and discontinuous speed changes. Conversely, reducing the supply voltage can
provide smoother speed control without altering the motor’s mechanical characteristics [13].
During a single cycle of positive and negative changes in the PWM, the armature voltage
at both ends of the motor experiences changes twice, which enables determining the average
voltage through the following formula [14]:

tl ] —tl tl
Up= (= — Us= (2= ) U, = (20 — 1)U,
0 <T T ) ( T—1> (2 —1)

a — duty cycle, a = t1/T.

The duty cycle is a crucial parameter in the pulse-width modulation (PWM) technique
that controls the speed of a motor by varying the conduction time of a switch in a periodic
signal. In the given equation, the duty cycle represents the ratio of the switch’s on-time
to the period T, while the conversion range « lies between 0 and 1. In a bipolar reversing
PWM drive, the average armature voltage of the motor is determined by the value of a.
For instance, when o = 0 and U0 = —US, the motor rotates in the reverse direction and
achieves maximum speed; when o = 1 and U0 = U.S, the motor rotates forward and attains
the maximum speed; and when o = 1/2 and U0 = 0, the motor comes to a halt. The duty
cycle plays a crucial role in controlling the speed and direction of the motor, making it a
vital parameter in motor control systems.

4.3 Stepper Motor Driver Module

A stepper motor is a type of actuator that can convert an electrical signal into precise angular
movement. Unlike other types of motors, the stepper motor can be precisely controlled by
varying the number of pulses it receives, allowing for highly accurate positioning. In addition,
the speed and acceleration of the stepper motor can also be controlled by changing the
frequency of the pulses, making it a versatile option for a wide range of applications. To drive
a stepper motor, a square wave current is typically used, which is achieved through the use
of a stepper motor drive. A breakdown driver is a type of stepper motor drive that employs
electronic damping technology to reduce or eliminate low frequency vibrations that may
affect the motor’s performance. By minimizing vibrations, breakdown drivers can improve
the motor’s positioning accuracy, reduce operating noise, and ensure smooth operation [15].

Figure 4 illustrates that stepper drives are comprised of three signal ends: pulse
signal (PUL), direction signal (DIR), and enable signal (ENA). These signal ends are
connected to the MCU’s PB3, PB1, and PBO0, as well as the negative electrodes which are
grounded. Through programming, the driver can be controlled to regulate the stepper motor’s
movements to achieve the desired outcome. With this method, precise control over the motor’s
speed, direction, and positioning can be obtained.

4.4 An overview of the program’s control system structure

Based on the analysis of the system’s functional requirements and the results of the
hardware module design, the software for the control system of the surface cleaning robot
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Figure 4: Stepper Motor Drive Interface Block

is composed of several subroutines in addition to the main module program. The general
structure of this software is depicted in Figure 5. The software consists of several important
components, including the main program, the internal initialization routine, the UART serial
communication program, the DC motor control program, and the leakage detection interrupt
program. These components have been developed based on a careful review of existing
literature and established practices in the field of robotic control systems [16, 17, 18, 19,
20].

Program initialization

MCU
UART connection i
ATMEGAS535 Driver module

Locking function

Figure 5: General structure of the system software
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4.5 The process of creating software for the main controller module

Once the master device applies power to the system, the parameters are initialized and the
port addresses are assigned. Additionally, two leakage detection signals are read, and the
motor driver module routine is executed based on the instruction sent by the master to
modify the speed and direction of the motor’s rotation. This entire process results in the
surface cleaning robot transitioning into the working state. If we take a closer look at the
robotic surface cleaning system, we can see that the main program, as illustrated in figure
6, plays a crucial role in managing these tasks and ensuring the smooth functioning of the
entire system.

Initialization

Signal

Sending messages
detection

Control
command

Operation evaluation

Forward/backward

Figure 6: Scheme of the main operating mode of the system
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5 Conclusion

The current study provides a comprehensive analysis of the public area cleaning robot control
system design in both hardware and software aspects. It introduces an innovative control
scheme that integrates a main computer and a microcontroller, which brings a series of
benefits to the entire cleaning robot control system, such as fast response time, decreased
power consumption, durability and real-time control capability. As a result, the overall system
stability and reliability are significantly improved. With the aid of the main computer and
the microcontroller, surface cleaning robots can be accurately controlled to perform their
cleaning tasks with high precision and efficiency.
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