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THE FEATURE OF THE AUTONOMOUS ROBOT FOR CLEANING THE
FLOOR IN THE BATHROOM

This article is a new robotic arm for cleaning the floor in the toilet with an increased radius of
action of the robotic arm type SCARA. The most common current trends in production include
short production cycles, low volumes and a wide variety of orders that can be solved with the help
of the SCARA robot. With the advent of the COVID-19 virus in the world, the term "cleaning
and disinfection" has become one of the most important tools for preventing the population from
becoming infected with the virus. The research focuses on the research and implementation of
SCARA-type robots and describes the possibilities of using a SCARA-type robot. This article
describes the selection and deployment of a SCARA robot in industrial automation. This research
project describes the simulation of a new SCARA-type robotic arm with a long reach and sliding
mechanism, we have developed a new multi-joint robotic arm for working in confined spaces with
an autonomous toilet floor cleaning system.

Key words: Automation, SCARA robot, forward kinematics, inverse kinematics.
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2KybiHaThiH 66JIMe eleHiH Ta3ajlayFa apHaJIFaH aBTOHOMbI POOOTTHIH €peKIeJIiri

Yzaprourran SCARA tunti poboT KOIbIMEH IopeTXaHa €JIeHIH Ta3apTATBIH YKaHa POOOTTHIH KOP-
ceTy Kasipri Karmaiila eTe MaHbBI3Ibl MOCEJIE/IEP/IbIH, MelTiMi OOJBIT TaOBLIAIbI. OHIIPICKe dcep
eTeTiH 3aMaHayd TeHJIEHIIUsIJIapFa KBICKA TayapJiblK IUKJAap, IMarblH Kejemiep kone SCARA
POOOTHIHBIH, KOMETIMEH IIIelryTre OOJIATHIH TAIICBIPBICTAP/IBIH VIKEH aJIyaHIIbIFBI YKATaIbl. OJIEMJIE
COVID-19 Bupycoiabig, maiiga 60aybiMen "Tazaiay koHe ne3nH(pernys” TepMUHiI XaJIbIKThIH BHU-
PYCTBI >KYKTBIPYBIHBIH AJIIBIH aJyIbIH MaHbI3Ibl KypaJadapbIHbIH Oipine aftHaamgsl. Coran opaif,
OCBI FBIJIBIME KYMBICTa 013 JopeTrxaHa eIeHiH Ta3apTaTbiH e3iH-031 backapy XKyiteci b6apo imki
KYPBLIBIMbBI 2KaFbIHAH YKaHa KeIl OybIHIbI poOOTTHI YehiHbLLIbL. SCARA poboTTaph! ©3/1epiHiH KaT-
TBLIBIFBI MEH YKOFapbl J9JIIiriHe 6ailjlaHbICThI caJiafia €H KOIl KOJIJAHBLIATHIH pobOTTapabIH 6ipi

60J1bII TaOBLIAIBL. 2KK0basiay mporeci KOCBLIBIM KOHCTPYKIIUSICHIH, ClITeMe KOHCTPYKITUSIChIH, KOH-
TPOJIED KOHCTPYKIMUSICHIH YKOHE MEXaHWKAJIBIK, TaHIay bl KaMTubl. I'buibiMu Kymbic SCARA

TUNITI POOOTHIH 3epTTEyre YKoHe OPBIHJAJLy mporeccitne Garbirranrad koHe SCARA Tumnri pobo-
THIH TaiifalaHy MYyMKIHJIKTepiH cunarTaiinbl. By Makasiajsa eHEPKOCINTIK aBTOMATTAHIBIPY/IA
SCARA Tunti poGOTHIH TaHJIAY KOHE OPHAJIACTBIPY YKYMBICHI TYDPaJIbl AlThLIABI. 2 yMBIC KYDbI-
JIBIMBIHJIa, POOOTTHIH, KOHCTPYKIIUSICBIH MOJEJIbJIEY, KHHEMATHKA, KHHEMATHKAJIBIK BAJIAIAINS Ka-
pacTeipbrad. KnHeMaTHKAJIbIK, BAJAIAINAST aPKBLIBI OYBIHIADIBIH OYPbLTY OYPBIIIBIH, XKbLIIAM-
JIBIFBIHBIH, JKOHE YJICY/IiH MOHI AJIbIHFAH.

Tyitia ce3aep: Asromarranbipy, SCARA pobor, ajra KuHemMaTnka, Kepi KHHEMaTHKA.
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OcobeHHOCTh aBTOHOMHOTO pO0oTa /1jIs YOOPKHM I10JIa B BAHHON KOMHAaTe

B nanHoit craTbe mpejcraBiieHa HOBas poborusupoanHas pyka tuna SCARA jyist ybopku mosia
B TyaJieTe ¢ YBEJUYEHHBIM pajuycoM jeictBusi. K Hambosiee pacipocTpaHeHHBIM COBPEMEHHBIM
TEHJICHIUSAM B MPOU3BOJICTBE OTHOCSTCS KOPOTKUE IUKJIBI POy KIUH, MaJIbie 00beMbl U GOJIBIITOE
pasnoobpa3ue 3aKa30B, KOTOPbIe MOXKHO pemuTh ¢ momoribio pobora SCARA. C nossienneMm B
mupe Bupyca COVID-19 repmun "ouncrka u je3usdekius" craj oJHUM U3 BayKHEAIINX HHCTPY-
MEHTOB IIPEJIOTBPAIICHUS 3aparKeHNs HACEJEHUs BUPYCOM. B 3TOM HCCIIEI0BATEIHLCKOM IIPOEKTE
OTIMCHIBAETCS MOJEJUPOBaHre HOBOro pobora-manumyistopa tana SCARA ¢ GOabIIUM BBLIETOM
U pa3aBUKHBIM MexaHu3MoM. Poborer SCARA gapjsiorcs ogaumu u3 Haubojiee MIMPOKO UCIOJIb-
3yeMbIX POOOTOB B MPOMBINIJIEHHOCTH OJIAroIapst MPUCYIIEi UM JKEeCTKOCTH U BBICOKOW TOYHOCTH.
[Iporiecc mpoeKTUPOBaHUS BKIIIOYAJ IPOEKTUPOBAHIE COEMHEHNUSI, IPOEKTUPOBAHUE 3BEHLEB, IIPO-
€KTHPOBaHUe KOHTPOJIIEPA, a TAK»Ke BEIOOP MEXAHNYECKUX U JIEKTPUIECKUX KOMIIOHEHTOR. Vccie-
JIOBAHUE TOCBSINEHO U3YUeHUIO U BHeapenuto poboros tuma SCARA u onuceiBaeT BO3MOKHOCTH
ucnojib3oBanus pobora tuna SCARA. B nanuoit crarbe onucana paboTa Mo BIOOPY W BHEIPEHUIO
pobora tuna SCARA B mpombinuieHHyI0 aBToMaTU3anuio. Mbl pa3paboTajin HOBBI MHOTOIIAD-
HUPHBI pOOOT-MAHUITYISTOD JJIst pAOOTHI B OTPAHUIEHHOM IIPOCTPAHCTBE C ABTOHOMHOM CHCTEMOI
yOOpKH T10J1a, B TyaJieTe.

Kurouessbie ciioBa: Asromarusaiusi, pobor SCARA, npsimasi KuHeMaTuka, obpaTHast KHHEMATH-
Ka.

1 Introduction

It has been at least two decades since conventional robotic manipulators became a common
production tool in industries ranging from automotive to pharmaceuticals [1]. In many ways,
the proven benefits of using robotic manipulators for manufacturing in various industries have
motivated scientists and researchers to try to expand the use of it in many different areas. To
apply robotics in all areas, scientists had to invent several other types of robots, different from
conventional manipulators. New types of robots can be divided into two groups: redundant
manipulators and mobile robots. These two groups of robots have greater mobility, allowing
them to perform tasks that conventional manipulators cannot. Many engineers have expanded
the work with the added mobility of new robots to make them work in tight spaces [1]. In
the course of work, the limitations for robotic arms are usually dependent on the working
environment, they are changeable. Engineers had to invent different methods to allow robots
to automatically cope with various constraints. And an autonomous robot is one that is
equipped with those methods that allow it to automatically cope with various environmental
constraints while performing the desired task [1].

Autonomous robots must be able to efficiently use and synchronize their limited physical
and computational exchequer to operate in a dynamic environment. In each field of activity
of progressive complexity, it becomes necessary to impose explicit restrictions on the control
of planning, perception and action in order to exclude unexpected interactions between
behaviors [2]. Autonomous robots must plan when to act, how to find errors and recover
from them, how to deal with conflicting goals when performing complex tasks in any dynamic
environment. Following this, robots must precisely coordinate all of their limited dynamic
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and computational resources [2|. In order to improve the comprehensibility of the system
and ensure that the robots perform their tasks, explicit constraints are needed that impose
structure on the control of planning, perception, and action as tasks and environments become
more complex. Any methodology should be to develop robotic systems consisting of sets of
behaviors, which can be independent objects that control actions. Running systems consist
of sets of local behaviors that can run without additional awareness of the environment.
The main problem is that as the number of additional tasks increases, so does the ratio of
complexity between behaviors, which can reach such an extent that it becomes difficult to
predict the overall behavior of the control system [2].

The robot arm’s arm can move within the three main x, y, and z axes associated with
base motion, vertical direction, and horizontal direction. Manipulators are available in various
configurations: rectangular, cylindrical, spherical, rotating and horizontally articulated. A
robot with a horizontal rotating configuration, the Selective Compliance Articulated Robot
Arm (SCARA) has four degrees of freedom, in which the two or three horizontal servo-
controlled joints are the wrist, elbow, and shoulder [3]. Most importantly, the last vertical
axle is pneumatically controlled. Each working task can be set as pickup, non-contact task
(ceiling mounting) and contact task (stuff sorting). SCARA, developed in Japan, is suitable
for inserting small parts on assembly lines, such as inserting electronic components [3].

SCARA robots have become popular on packaging and assembly lines with three rotating
and one prismatic degrees of freedom [4]. Hiroshi Makino first introduced this type of
robot in 1979. Commercial SCARA robots are develop in a variety of sizes, line speeds and
payload capacities, thus, the control systems of such robots are intended for general industrial
applications [4].

2 Robot design

The workplace and the task set determine the design of the robot. The robot you are designing
has several significant parts to learn; the resulting robot can work only in the analyzed and
predetermined workplace. The dimensions of the area obtained in this study, i.e. the bath,
should be 1000 mm wide and 1500 mm deep. The toilets considered in the study were obtained
in accordance with the standards of Western European countries, i.e. the dimensions of the
public toilet were 850 mm wide and 1500 mm deep [5].

Firstly, the manipulator performing the task must be accessible at any point in the given
workspace without dead zones and must be sufficiently compact. Therefore, with this in this
study, we proposed a multi-joint arm, which is similar to the structure of the SCARA robot
[5]. As shown in Figure 1, the robot arm is aligned along the slide rail after the cleaning
process. In general, in such a limited working space, there are individual advantages due to
the flexible structure of the continuum arms. The main thing in this task is to have a strong
connection with the robot in the hands of a heavy control device [5].

3 Robot arm design

The studied manipulator has the following designs: the manipulator consists of four joints and
three links. The robot arm has a particular advantage because the robot is designed to rotate
only on the Z axis. The design of the manipulator has been simplified as much as possible
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Toilet tab

Robot arm

Slider

a) b)
Figure 1: a) The mode of operation of the robot; b) Robot standby mode.

in order to reduce the cost and production time. For the accuracy of work, stepper motors
were used to drive the robotic arm [5|. This robotic arm has a total of four stepper motors.
A feature of the robot arm is that the robot arm rotates only along the Z axis. Therefore,
the design creates a significant dynamic load on the basic drive of the robot. Following these,
the dimensions of the engine, such as size and weight, are gradually reduced; on ours, we
used a 50 mm frame stepper motor for the base part, and 42 mm and 35 mm frame motors
for the middle joints respectively. The end effector that holds and drives the cleaning tool is
designed with a 28 mm stepper motor (see Figure 2).

End-effector

Slider

Figure 2: CAD design of the robot.

For the design of the robot, a two-shaft stepper motor was chosen, the effect of skew of
the links is important to us. The two-shaft motor has its own characteristics, for example,
the use of a two-shaft motor allows the link to be fixed on both sides; side links up and down
[5]. In addition, this design simplifies the connection mechanism of the robot.
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4 Robot kinematics

4.1 Forward and Inverse Kinematics

The kinematics and dynamics of SCARA robots have also been obtained and modeled using
various programs. The experimental results of the SCARA robot were obtained and compared
with the simulation results [4].

The researched SCARA robot is widely used as an assembly robot and is a kind of selective
picking robot arm. The main features of the robot are the accuracy of the repeating position
index and the ease of dynamic execution. The first generation of robots, the serial arm has
developed rapidly, and mature designs have already been formed, the connection of which is
mainly composed of a servo motor and gearboxes with high speed ratio and good accuracy,
such as harmonic reducer [6]. The kinematics of the robot has one translational joint, forming
a sequential mechanism, and three rotational joints between the links. The gear mechanism
in the rotary joints is a harmonic gear, without shading on the third axis, which makes it
possible to obtain a high reduction ratio in sufficient space.

A special advantage of the proposed robot design is the kinematic structure of the robot,
which facilitates the kinematic solution of the robot. Because we use serial manipulators, it is
much easier to get forward kinematic solutions. As mentioned earlier, the SCARA robot [6]
rotates only along the Z axis, and the design of the SCARA robot has the simplest kinematic
structure, which means it provides great advantages.

Figure 3: Kinematic structure of the robot.

The robot kinematics starts with Determination of Denavit-Hartenberg parameters. The
coordinate systems are directly attached to the robot in accordance with the DH convention
[4] and is shown in Table 1.
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Table 1: Denavit-Hartenberg parameters

R, R, T T,
0 « h d
S 0, 0 0 A
0—1
S 0, 0 [ 0
1—2
S 0 0 U 0
2—3
S 04 0 0 04
3—4
D 0 0 0 05
4—5

4.2 Forward kinematics of robot

Table 1 shows the homogeneous transformation formula.

cosfy —sin6; 0 O costly —sinfy, 0 4,
_ | sinthy costh 0 O _ | sinfp costp 0 O
Hou= | 0 1 6| Mo = | 0 1 0|’

0 0 0 1 0 0 0 1
cosfl3 —sinf; 0 /5 cosfy —sinfy 0 O 1 00 O
~ | sinfl3  costls 0 0 | sinfy costy 0 O 1010 0
Has = | 0 1o M=y 0 1o | e = 00 1 ¢
0 0 0 1 0 0 0 1 00 0 1

Here we have obtained a homogeneous transformation, then it is necessary to multiply
the matrices from Hy; to Hys.

) ] k T
Hoys = Hoy * Hig % Hog * Hgy x Hys = ( 85 j85 85 55) (1>

4.3 Inverse kinematics of robot

The robot has inverse kinematics and is quite simple compared to other existing robotic arms
[6]. As mentioned earlier, the rotation function of the robot rotates only along the Z axis and
this allows us to simplify the calculation and formulation of inverse kinematics (Figure 3).

For inverse kinematics, the robot has four variables as: linear prismatic movement is the
main difference from the SCARA robot.

s = (91,‘92,937@) = (Q17QQ,Q3,C]4) (2)

= () 0

Derivation of variables by the Jacobian method

vy = Jqu (4)
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j:( ky ke ks 134) 5)

ki X roa ko X 1oy k3 X 13y

Here rg4, 194, 734 are the access vectors of the individual rotation. Instead 7y, we can use
0 124, 3 0
714. Here ryuky parallel connection is equal to 0.

0
ko.a= (0 (6)
1

51 cos(@l) + 62 008(61 + 02) + £3 COS<(91 + 92 + (93) + 64 COS((91 + 92 + 63 + 94)
Toqa = 51 sin(@l) + 62 sin(@l + 62) + 63 sin(91 + 92 + 93) + £4 sin(91 + 92 + 93 + 84) (7)
b — s

Here: ¢4 cos(6) = l1cq; U cos(01 + 02) = lacia; € sin(01) = £181; o sin(0) + O) = lo519;
63 COS((91 + (92 + 93) + 64 008(01 + (92 + 03 + (94)
Toqg = 53 sin(91 + 92 + 93) + 64 sin(91 + 92 + 93 + 94) (8)
_65
Here: 63 COS(91 + 92 + 93) = €36123; 63 sin(é’l + 02 + 93) = 538123;
64 COS((91 + (92 + 93 + (94)
T3y = 64 Siﬂ<91 + 92 -+ 93 + 94) (9)
_65

Here: 64 COS(91 + 92 + 93 =+ 94) = 6461234; 64 sin(91 + 92 =+ 93 + 94) = 6481234;

0 0 0 O
0O 0 0 O
1 1 1 1
= 10
J Toa T24 T3a 0 ( )
0
0

5 Kinematic validation of the robot

In this study, we used RoboAnalyzer to test the robot’s kinematics. The proposed robot
arm modeling tested in RoboAnalyzer software [7]. Most industrial robots are described
geometrically by Denavit-Hartenberg (DH) parameters, which are also difficult for students
to perceive. Students will find it easier to study a subject if they can visualize in three
dimensions.
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The RoboAnalyzer software [7| was developed using Object Oriented Modeling concepts
in the Visual C# programming language. 3D graphics are rendered using OpenGL via the
Tao Framework. The ZedGraph open source library is used for graphing. The software has
been developed in modules, so adding or changing modules does not affect the entire software.
The Forward Kinematics module of serial robots with rotating joints has been reported in
a paper. It uses wireframe models. The results of the analysis were viewed in the form of
animation and a built-in plotting module. The addition of prismatic connections, inverse
dynamics and forward dynamics analysis have been reported. Additional modules have been
developed here, such as "Visualization of DH parameters and transformations" , "Import of
3D CAD models" and "Inverse kinematics" .

The software can simultaneously provide the robot’s working space and analyze the
movement trajectory (see Figure 4).

Vav

Figure 4: Model of robot movement in the RoboAnalyzer software environment.

RoboAnalyzer
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RoboAnalyzer
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6 Conclusion

Figure 5: Graph of parameters

¢) Acceleration of the joint
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of robot joints. x-axis describes time; The y-axis describes the

This study demonstrates the design and control algorithm of a new robotic system that
cleans the bathroom floor. The importance of the robot in quarantine in hospitals is very
high. According to the survey, there are bathrooms and toilets in infected areas in public
places and hospitals. The world was not ready for COVID-19, and simple places related to
hygiene were one of the main drivers of the spread of such infections. In addition, in this
study, we took into account human rights.

In the future, we plan to conduct experiments in public places with a laboratory prototype
to test the suitability of the proposed robot’s signature and system.
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