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Abstract: The article deals with the design of a concept for a mobile robotic platform for transporting equipment or people.
For disabled people, this system can represent an alternative to a wheelchair with better mobility in an urbanized
environment. The proposed solution is unique in that it maintains a stabilized vertical position of the base.

1 Introduction One actuator would have to be located in the hip joint.

A |arge number of peop|e have a medical handicap aﬂ—a\e second actuator would have to be located in the knee
cannot walk with their own feet. These are d|fferer‘p|ﬂt and the third actuator could be in the ankle ]Olnt The
diagnoses that do not have a favourable prognosis fgovement could be realized by crossing each other's feet
improving the ability to walk in normal conditions. There(Figure 2). o _ _ _
are also cases where it is a permanent loss of mobility with However, the use of this kinematics entails a rocking
the help of the lower limbs. For these cases, it would haotion with a large change in the position of the base of
appropriate to design a suitable device that would replafe robot in the vertical direction. If we consider that a
walking with the legs. Standard wheelchairs are a soluti@§rson who is being transported would be placed in this
that often has a problem with obstacles that occur R@se, then this movement is very uncomfortable.
urbanized environments, so there is room for walkina
structures. However, commonly used kinematic walkin
structures create a side-to-side rocking motion to mainta
static and dynamic stability while walking. The applicatior
of this conventional way of walking would mean
uncomfortable walking for a person. It would therefore b
a biped chair that could handle obstacles such as stairs «
curbs and other unevenness in the exterior.

The goal is to design a kinematic structure with as fe
degrees of freedom as possible and atthe same time a g, 4 joint
ability of mobility with minimal swaying movementsto the  rotary
sides. A small number of degrees of freedom also mean: actuator
small number of actuators, and thus the energ
requirements and range of the created structure al
decrease. Walking structures have a disadvantage in ter
of energy balance compared to wheeled structures,
suitable kinematic structures with a lower number o
degrees of freedom could be a better solution. [1-29].

Robot base

Upper part
of leg

Knee joint
rotary
actuator

2 Robotlc platform Concept des gn Figure 1 Blped robotic platform concpt A
The first concept (Figure 1) contains three degrees of

freedom in each leg and uses three rotary actuators in both

legs. This simplified model represents the simplest

structure that is similar to human kinematics.
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Figure 2 Walking algorithm of biped robotic platform concept AFigure 4 Walking algorithm of biped robotic platform concept B

Another robotic platform concept (Figure 3) no longer Another concept is a design with two actuators in each
takes inspiration from human kinematics, but also includésg (Figure 5), while the rotation is performed in the ankle
a linear actuator and two rotary actuators in each leg. Tjwnt and the linear movement of the actuator is performed
linear actuator replaced the rotary actuator in the knee aindhe hip joint, where this linear actuator is used to realize
thus created the possibility of lifting the leg while crossingust the crossing of the legs and the compensation of the
the other leg without vertical displacement of the robotertical movement activity so that the robotic base did not
base (Figure 4). In terms of energy, however, this concegitange its vertical position (Figure 6). This concept
is still demanding, and the effort is to reduce the number pfovides with two actuators the possibility of walking,
actuators even more. even while maintaining the vertical position of the base.

Robot
base Linear

Hip joint actuator
rotary
actuator Sliding part
Upper part Sliding
of leg part

Robot base

Sliding guide

with linear
actuator

Ankle joint Leg

rotary
actuator

Rocker

Lower part lever

of leg
Foot

Foot

Figure 5 Biped robotic platform concept C
Figure 3 Biped robotic platform concept B
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The concept (Figure 5) in this form is only applicable
for walking in one direction. In order to be able to change
the direction of walking, a rotating mat with another rotary
actuator is proposed for the feet. This actuator will be
located in the foot of the robotic platform. Such a rotating
foot will allow the entire robot to be turned on the spot in
the range of £90° (depending on the type of servo drive),
which is not possible with conventional kinematic concepts
and requires a much larger number of actuators for turning.

The final concept (Figure 8, 9) of the walking robotic
platform would thus contain six actuators, and four of them
rotary actuators would be located in the robot's feet. If the
accumulators are also placed in the lower parts of the
platform, then it will mean that the overall center of gravity
of the robotic platform will be low and thus the robotic
platform will have better stability when walking.

Linear actuator

Flgure 6 Walkmg algonthm of biped robot|c platform concept C

Rotary actuator

Foot

Rotate pad Axial bearing

AnKle joint ,
actuator

L e

Servomotor HS-82MG e Servomofor HS-645MG

g Figure 8 Final design of the walking robotic platform - front
Sua— view
Servomotor _— ';;'_:_\‘, )
horn ) & =5 7 JQ;;

~—— Rotation
pad

Rocker lever

Bearing

Figure 7 Rotating foot for changing walking direction
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Figure 11 Simulation of walking of the proposed platform -
math model

Pad rotary
actuator

Figure 9 Final design of the walking robotic platform - side Figure 12 Simulation of the rotation of the designed platform

view .
4  Concluson
3 Simulations of the movement of the In the thesis, a robqtlc platfqrm of a two-legged
robotic platform walking structure was designed, which can also be used for
A h pt' | del of th botic platf "bipedchair" applications as an alternative mobility
rgatf ema 'ﬁa mode % k'e ro ?'C p_?h orm \I';'("?lsSolution for disabled people who have problems with
created from the proposed kinematics. The walking,\ing During the design, emphasis was placed on the
simulation confirmed the ability to walk for the proposedyy;im m number of degrees of freedom and thus also the
concept V\.'h"e also maintaining a s_tgblhzed Vel't'c"’\lninimum number of actuators, which means minimum
position (Figure 10, Figure 11). The ability to change thgo 0y consumption. Energy consumption is also
direction of walking is also important for the appllf:atlon Olnfluenced by the kinematic arrangement of the platform
the structure for movement in space. The rotation of tk

: - . elf. The proposed solution has unique properties, as it
robotic platform was simulated (Figure 12) and the resully ¢ maintaining a stable vertical position of the base of
also confirm the usability of the proposed structure.

the robotic platform, where a transported passenger could
be placed at the same time. Simulations of the movement
of the structure proved the correctness of the proposed
solution.
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Figure 10 Walking simulation of the designed platform - CAD
model
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Abstract: The article deals with the design of a PLC control system for controlling cascade tanks in the technological
process of liquid mixing. The mixing process is carried out automatically according to information from individual
sensors. The system also includes elements for manual control of the technological system. A human machine interface
system was designed to operate the system. The simulation showed the correctness of the designed system.

1 Introduction Options for alternative solutions to the process can be

The system (Figure 1) consists of three storage tanks@anged and set according to the selected recipe.
B, C and one master tank. Liquids from storage tanks are
fed into the master tank by solenoid valves according to t
chosen procedure, where they are mixed and th
discharged into the main collecting tank through the outl
valve. The goal is to prepare the concept of a contr
system for the automatic control of the technologic:
process of preparation of liquid mixtures with the
possibility of service intervention in the process in case
emergency shutdown of the system or manual switching
of some part of the system in the event of a malfunctio
The proposed reservoir management system will be us
for didactic purposes for the practical education of studer
[1-17].

Reed switch float level sensors are designed to dett
the level of liquids in each tank. Solenoid valves ar
designed for the discharge of liquids by gravity ldischarge Figure 1 Educational_mdm
from the tank. Low-voltage pumps are designed for
pumping liquids (Figure 2). The process of mixing liquids
in the master tank will take place for 10 seconds, and then
the resulting mixture is discharged into the collection tank.
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After solving design problems, selecting components,
and describing the principle of the system, you need to
choose a control element that will program the system for
the work we need. The PLC will act as such a control
element. Programmable logic controller (PLC) is an
electronic device used to automate technological processes
such as conveyor line control, pumps at water supply
stations, numerically controlled machines, etc. In essence,

- it is a real-time hardware-software system - a computer
Figure2 Smulation of fluid m'xing and dischargeoffluidinto designed to run a real-time operating System and

the tank applications that implement the necessary algorithms. Its
. main difference from general-purpose computers is the
2 Control system design large number of input/output devices for sensors and

The proposed diagram (Figure 3) shows the location gttuators, as well as the ability to work reliably in adverse
individual sensors, solenoid valves and pumps in thgnditions: wide temperature range, high humidity, strong
proposed system concept. The connection of individuglectromagnetic interference, vibration and more.
components in the system is designed using transparentPL.Cs have a number of features that distinguish them

hoses. from other electronic devices used in production:
- Unlike a microcontroller (single-chip computer), a
\ ] chip designed to control electronic devices, a PLC is a
= stand-alone device, not a separate chip.

sensor hgy

- Unlike computers focused on decision-making and
operator management, PLCs are focused on working with
machines through an extensive 1/0 system for inputting
sensor signals and outputting signals to actuators.

-In contrast to built-in PLC systems, they are
manufactured as stand-alone products, separate from the
Master equipment controlled by it.

Fioat 7 Siemens TIA Portal software (Figure 4) will be used to
@ e Vave @'9 program the controller for our wishes. TIA Portal (Totally
@E Rl 4%—\ Integrated Automation Portal) is an integrated software
revel ootor hery COJECting development environment for process automation systems
= g from the level of drives and controllers to the level of
Lisvel vepeoriberl human-machine interface.
Figure 3 The diagram of the system

4
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It is the embodiment of the concept of integratedctual inputs and outputs in the system that will operate the
automation (Eng. Totally Integrated Automation) and thELC. Using Image 30 you can see all the main devices that
evolutionary development of the Simatic family ofwill be connected to the PLC. Sensors are inputs, and
automation systems from Siemens AG. solenoid valves and pumps are outputs. Using this, you can

Development of projects for controllers and distributedreate tags for the program.

I/O devices, configuration of human-machine interface To simulate the system before connecting it, the
systems and SCADA systems, parameterization of netwgokysical inputs must be set as memory to be able to change
components and communication modules, debugging thfem and simulate possible situations in the system
software control algorithms, as well as commissioning dfigure 5).

drives - all this is combined into a common software Level sensors are designed for the concept of this
structure and have a unified user interface. This not ondystem, which generate a logic level High when the liquid
speeds up work, but also allows you to create transparémiel exceeds the location of this sensor and generate a
solutions that are easy to maintain and diagnose and cardgic level Low when the liquid level drops below the
easily expanded or transformed. location of this sensor. The opening of all solenoid valves

Variables or tags must be stored before creating téll be realized by setting the logic level High, and the
program itself. In essence, this is the identification of thelosing will be realized by setting the logic level Low.

D|FE DETH
Default tag table
~ Name Data type Address Retain  Acces.. Wnta.. Visibl.. Comment

@ PumpA Bool %Q0.0 2 2 2
@ Pumpt gool %Q0.1 [l =2 !
@ PumpcC Bool %Q0.2 I~ = =2
@ Valve A Bool %Q0.3 =] ! =
@ Valed Bool %Q0.4 2 ! 2
@ Vvalec gool %Q0.5 fv! = !
@  Outletvalve Bool %Q0.6 2 2 fe!
<a Float level sensor hAH Boal %MO.0 = ! vl
@ Floatlevel senzor hal | 8ool 3)| %MO.1 - 2 2 2
-ﬂ. Float level sensor hBH -Ecol %MO_2 = = !
a Float level sensor hBL Bool %M0.3 [« = 2
4 Float level sensor hCH Bool %MD .4 v ! v
a Float level sensor hCL Bool %MO.5 = = !
a Float level sensor ht Bool %MD.6 = = =
4 Float level sensor hhv2 Bool %MO.7 = =2 [~
a Float level sensor hv3 Beol %M1.0 =2 2 =l
a Float level senzor hid Bool M1 2 ] !
@ Float level sensor hCTH Bool %12 = = =
a Float level senszor hCTL Bool %BM1.3 91 D_] !

v - -

Figure5 PLC tags

After identifying the tags, you can start writing theand the "STOP" input represents the system to be
program. FBD (Function Block Diagram) was chosen asompletely turned off. In other networks, the output from
the programming language for this project. For bettahis block "Startup” will be incorporated so that this block
orientation in the program it can be divided into networkgf network 1 enables absolute control over all systems and

each of which will correspond to the tanks. enables a safe shutdown of the system and then a restart to
the last known configuration. This network 1 will therefore
3 Concept of function block diagram be the superior system for other networks.
networks .

Network 1: Total Start Stop (Figure 6) is designed for 512:;14
total program control. The network contains the "Set/reset E
flip-flop" (SR flip/flop) instruction to set or reset the bit of o
a specified operand based on the signal state of the inputs ~ %M1.5 %M1.4
S and R1. If the signal state is "1" at input S and "0" at input "Start” —s “Startup’
R1, the specified operand is set to "1". If the signal state is  %m1.6 =
"0" at input S and "1" at input R1, the specified operand "Stop" — R1 Q —— —_

will be reset to "0". Input R1 takes priority over input S.
When the signal state is "1" on both inputs S and R1, the

signal state of the specified operand is reset to "0". ) . :
In this network 1, it contains two inputs, while the Network 2. Controlling of Pump_A (Figure 7) also

" o contains an SR flip/flop block for switching on or off of
START" input causes the system to be fully tumed OrEjump A. For switching on, the signal "Float level sensor

Figure 6 Network 1: Total Sart Stop

~0~
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MO 3
“Float level
sensor hBL” md

time the superior system "Startup" is in the state of log ~Strtupr =i -

level HIGH". Resetting the SR block and thus turning of e
pump A is possible when the liquid level reaches the lev .. 5
of the sensor "Float level sensor hAH " and that, using tl Purp & — 8 —
logic level HIGH, causes pump A to be turned off. O =i

pump A can be turned off using the superior syste Mo.2

n n “Float level

Startup” from network 1. sencor hoH" —

An additional block "estop pump A" was added tc Bciis -
network 2, which is created using an RS flip/flop block fo Sy -
independently safely turning off pump A. bl S i g =

M7 .4
& “estop pump B°
RS
MO0.1
“Float level WM2.2
sensor hAL" o 'r,i.-.uul.:]l’i:l.l,:‘_ )
“ o i - ; M23 e 'esion.::n;p B"
SLATIUD” m— — B2
“Manual stop =
%Q0.0 pump B =gy Q— —_
- “Pump A® . .
TR ey S8 Figure 8 Network 3: Contralling of Pump B
PUMP A" e oy —
»=1 -
%MOS
%MO0.0 “Float level
“Float level sensor hOL” o
5eN50T hAH" wm N =
%M1.4 %Q0.0 'St;!llmpt— =5 —_—
“Startup” =0 “Pump A %Q0.2
%M7.3 — P “Pump C
“eatop pump A" — 58 i . — - “"Manual .s‘l‘;n' SR
PUMP C o g —
M7 .3
“estop pump A° =
RS
Toh0.4
%M2.0 “Float level
“Manual start 5ensor NCH" m—
PUMP A" e g M7.3 T %Q0.2
%M2.1 Estopipting. - “Startup” =0 “Pump C°
“Manual stop ! %BM7.5 ¥
pump A" =g o i "estop pump C° e 24 —_—1 Q —— —
Figure 7 Network 2: Controlling of Pump A i
“estop pump C

Network 3: Controlling of Pump B (Figure 8) and Le
Network 4: Controlling of Pump C (Figure 9): Controlling .,,,, "¢
of Pump C are similar to network 2. The operation of pum  pumpc—g %75
B is connected to the sensor "Float level sensor hBL" al i i

. anual stop =
to the sensor "Float level sensor hBH". The operation ' pump - —s; O — L.
pump C is connected to the sensor "Float level sensor hCL" Figure 9 Network 4: Controlling of Pump C
and to the sensor "Float level sensor hCH". Both of these

networks are conditioned by the superior system from Network 5: Filling of Master Tank with fluid A using

network 1 "Startup".

~10

the valve A (Figure 10) - solves the filling of the master
tank with fluid from tank A, while this filling is carried out
using valve A only if the fluid in tank A is between the
levels of the fluid level detected by the level sensors" Float
level sensor hM1" and "Float level sensor hM2". However,
this process can only take place if there is at least a
minimum amount of liquid level in tank A at the level of
the "Float level sensor hAL" sensor. In the same way, the
operation of valve A is conditioned by the superior system
"Startup" from network 1. Another condition for starting
valve A is that the master tank was completely emptied

~
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after the previous filling to below the level of the "Floa
level sensor hM1" sensor. Network 5 is also supplement
with another RS flip/flop block "estop valve A", which is
used to create the possibility of emergency shutdown

valve A independently of other devices.

&

WMO.6
“Float level
sensor V1" w0

oM 1.4

“SLATILP” —

oMO.1
“Float level

5enSOr AL w
%BM1.7 >=1
“emply Master” s 5 —_—
0Q0.3
ki & “Valve A"
“Manual start SR
Valve A” we o —
=>=1
%MO0.7
“Float level
52507 hM2®
1.4 %Q0.3
“Slartiup” —. “Valve A"
%MT.0 =
“estop valve A" e — Ry Q—
M7.0
“estop valve A”
RS
M2.6
“Manual start
Valve A" we g M7.0
T “estop valve A
“Manual stop =
VAIVE A" e gq Q— _—

Figure 10 Network 5: Filling of Master Tank with fluid A using

thevalve A

&
®=MO0.7
Float level
sensor hMZ" —
%M1.4
“Startup” m—
®=M10
“Float level
sensor hM3™ —o
%M11
“Float level
sensor hM4™ —o
%MO03
“Float level
sensor hBL —
%=M1.7 >=1
“emply Master” —— o  —
*Q0.4
“Valve B
SR
—5
»=1
%=M1.0
Float level
50f hM3® e
%M1.4 %004
“Startup” =0 Valve B
%M7 =
“estop valve B° — — 1 Q— —_—
w=M7.1
“estop valve B
RS
®M30
“Manual start
Valve B"—p wM7.1
M3 “estop valve B
“Manual stop o
valve B"— gy Q— f—
Figure 11 Network 6: Filling of Master Tank with fluid B using
the valve B

Network 7: Filling of Master Tank with fluid C using
the valve C (Figure 12) - is created for filling the master

Network 6: Filling of Master Tank with fluid B using tank with fluid from tank C between the levels of the

the valve B (Figure 11) - is implemented analogously tensors "Float level sensor hM3" and "Float level sensor
network 5. However, in this network valve B is started fom4" in the master tank. This process can only be carried
filling fluid from tank B to the master tank between theyut if there is at least a minimum amount of liquid in tank
level levels detected by the sensors "Float level sensorabove the level of the "Float level sensor hCL" sensor
hM2" and "Float level sensor hM3". A|SO, this valve B calnd the master tank volume has previous]y been
only be started if the superior system "Startup” is active agdmpletely emptied, which is signalled by the "empty
the master tank has been previously drained. Valve B cafaster" tag. Also in this network, the “"estop valve C" block
also be started only if the liquid in tank B is at least aboye added for the emergency shutdown of valve C.

the level of the "Float level sensor hBL" sensor. Also in Network 8: Empty Master tank (Figure 13) - it should
this network, an RS flip/flop block for emergencyleave the filled mixture of liquids for 10 seconds and then

shutdown of this valve B "estop valve B" is added.

the entire contents of the master tank should be drained into
the collecting tank by activating the "Outlet valve". "Outlet
valve is deactivated only after a time of 1 second has
elapsed after the master tank is completely drained below
the level of the lowest sensor "Float level sensor hM1". Just
like the previous networks, in this network also the block
"estop outlet valve" is added for the emergency shutdown
of the "Outlet valve".

Network 9: Master Tank status (Figure 14) - is used to
detect the status of the master tank. For the proper
functioning of the entire system, it is necessary to know
when the master tank was completely emptied, and this

~11 ~
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information is stored in the "empty master" tag. After
emptying the master tank, the entire filling process can be

restarted again.

%Q0.5
“Valve C
SR
—_—
%005
“Vaive C

&
%=M1.0
“Float level
Sn50r M3 e
wM1.4
“Stanup” ——
%MO0.5
“Float level
5ens0r hCL e
wM17 »>=1
EMPLY MASTET” —
M32
“Manual start
Valve C e g
»=1
WM.
“Fioat level
sensor hM&™
E=M14
“Startup” —0
%M7.2
“estop valve O — =
M7 2
“estop valve C
RS
%M3.2
“Manual start
Valve C—ap wM72
wM33 ‘estop valve T
“Manual stop =
valve C —gy Q— —_—

Figure 12 Network 7: Filling of M

othet VAl m— gy

— e

aster Tank with fluid C using

thevalve C
w081
“IEC_Tiener_0_DE"
TON
Time:
L IR
“Float bevel SMD3
$ems0n MW" e gy — o1 &
TH10% — T o
LR =1
SR - —_—
“qoe
T Ouithet valve’
“Marwal start SR
Outlet Valve” e gy —_—
082
"IEC_Tiener_0_
a1
ToN
Tirw
W06
“Float level WMDE
wenvor hd 1" - gy ET— "eand” =al
T#15—p1 Q
LT
“Stantop’ = 08
AMTE “Outhet valve’
“estop outlet =
il —y —_— g— -
T
“witop outlet
ey
3
77
“Marsial start T
DUt Vahe" m “estop cutiet
e
20
“Manusl stop =

Figure 13 Network 8: Empty Master tank after 10 seconds

%M1.7
"empty master”
SR
%Q0.6 %M1.7
"Outlet valve" =0 g "empty master”
%Q0.6 =

“Outlet valve" == g1 Q=—

Figure 14 Network 9: Master Tank status

4  Processvisualization and control using
the HMI interface

The HMI (Human machine interface) interface allows
you to create a user interface for controlling the system by
the operator and also for visualizing the current status of all
subsystems. The operator can thus fully control the system
remotely and monitor all its activities. When switched off,
pipes and individual valves and pumps are shown in gray
(Figure 15). After the system is turned on, the active parts
are displayed in blue. Active sensors also have an indicator
LED for displaying the status of the sensors (Figure 16).

I =7 simulator - bs

SIEMENS

I w7 simulator - pd

SIEMENS

PU
| S
time tostop| 11000 || v e

i E3ED

Figure 16 Filling tanks A, B, C
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In addition, the HMI is supplemented with an _started_en-US_en-US.pdf?download=false
emergency shutdown of all systems or individual systems [26 May 2021], 2021.
can be shut down individually. [3] SIMATIC S7-1200Programming Guideline for Sr-

The filling and draining of fluids are also indicated by 1200/1500, [Online], Available: https://assets.new.sie
status indicators with a dark blue colour (Figure 17). To mens.com/siemens/assets/api/uuid:c7de7888-d24c-
display the discharge progress of the master tank, a time 4e74-ad41-759e47e4e444/Programovani-S7-1200-
indication of the discharge progress is also added. 1500-2018.pdf [26 May 2021], 2021.

[4] KELEMEN, M., SINCAK, P.J.: Programmable logic
controller training stands for educational purposes,
Technical Sciences and Technologies, Vol. 21, No. 3,
pp. 274-280, 2020.

[5] KELEMEN, M., LIGUSOVA, J., LIGUS, J., MAXIM,
V.. Additional Modules for Programmable Logic
Controller Based Training StandBschnical Sciences
and Technologies, Vol. 22, No. 4, pp. 170-176, 2020.

[6] KELEMEN, M., KELEMENOVA, T., VIRGALA, 1.,
PRADA, E., MIKOVA, I., HRONCOVA, D.,
VARGA, M., SINCAK, P. J.: Training stations with
programmable logic controllers, In: Technological
Forum 2021, 12 International technical conference,
30.6. - 02.07.2021, Jarein CR, pp. 117-121, 2021.

[7] VITKO, A., JURISICA, L., KLUCIK, M., MURAR,
R., DUCHQON, F.: Embedding Intelligence into a
Mobile Robot,AT& P Journal Plus, Vol. 2008, No. 1,
Mobile robotic systems, pp. 42-44, 2008.

. [8] BOZEK, P.: Robot path optimization for spot welding

5 CQnCIUS'O” ) ) applications in automotive industryehnicki vjesnik /

In this work, the concept of controlling cascading tanks Technical Gazette, Vol. 20, No. 5, pp. 913-917, 2013.
for mixing liquids in the technological process accordin@] DUCHON, F., BABINEC, A., KAJAN, M., BRO, P.,
to the chosen procedure was proposed. Individual filling™ | OREK, M., FICO, T., JURISICA, L.: Path planning
and emptying is controlled automatically according to the \ith modified a star algorithm for a mobile robot,
status of individual sensors. All action subsystems such as prgcedia Engineering, Vol. 96, pp. 59-69, 2014.
pumps and valves can be turned off in an emergency w'[qb] PASZTO, P., HUBINSKY, P.: Mobile robot
one button or separately with special buttons. In the next navigation based on circle recognitiafgurnal of

I =7 simutator - bs

[pumpc Pump B Pump A Collecting tank

Figure 17 Filling the master tank

work, the diagnostic network for detecting fault conditions
of individual subsystems will be solved, and the possibility

Electrical Engineering, Vol. 64, No. 2, pp. 84-91,
2013.

of flexible change of the mixing procedure of the mixturfll] ABRAMOV, I.V., NIKITIN, Y.R., ABRAMOV, A.l.,

by changing the order of liquid dosing and changing the
amount of liquid dosing will be proposed. This will enable

a flexible change in the proportions of the mixed mixture
of liquids according to the operator's current requirements.

[12] KONIAR, D.,
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Abstract: Robotics is gaining an important place in many areas of industrial production nowadays. With the growing
number of robots in production, we are coming to the solution of various tasks to ensure their optimal activity when
handling objects or during other technological activities. These are tasks such as planning its movement, planning the
robot's trajectory, navigation and tracking the movement of the end member. In this article, we will deal with the issue of
robot workspace structures and determining the robot workspace of a specific robot model.

1 Introduction are also interested in the workspace in which the robot

The deve]opment of robots and manipu|ators be|ong‘goves during its work. The presented article is dedicated
to the complex development process of entire mechanid@lthis issue [4-7].
engineering, electrical engineering and many other fields
as their inseparable part. Extending the handling Kinematic structure of robot
capabilities requires the development of new types of mechanisms
kinematic structures, not only of individual types of The basic structure of the robot is an open kinematic
manipulators, but also of entire handling systems [1-3]. chain. Alternatively, the chain can also contain a closed
Assessing industrial robots and manipulators requirgsop of members, it will be a kinematic chain with a closed
to distinguish between the mechanical part and the pgsbp. The point of connection of two links is called a
formed by the control system. A characteristic feature fnematic pair. The mobility of the members connected to
the mechanical part is the kinematic structure, whic8ach other is ensured by joints. Articulation between
significantly affects the basic properties of robots angonnected members is realized using a prismatic or rotary
manipulators, especially the size and shape of the handligéht. The prismatic joint enables the translational
and working space. movement of the members connected to each other. The
Currently we have experience with the wide applicatiofptary joint enables mutual rotation of the members in the
of industrial automated robotic workstations used maimJY)int_ Rotary kinematic pairs are preferred over

for assembly purposes in many manufacturing companigganslational ones for compactness and reliability [6].

This results in the need to control an industrial robot in a Our aimisto position and orientation an object in three-
defined space. The robot mechanism is mostly an opgfiensional space. We require six degrees of freedom in
kinematic chain. In the case of a mechanical system ghace, three for the location of a point on the object and
industrial robots used in the production process, thifiree for the orientation of the object relative to the
mechanism can have 3 or more degrees of freedom rgference coordinate system. If we have more degrees of
movement, which depends on the specific robot. In thifeedom than necessary, we speak of a kinematically
article, we will focus on the kinematic analysis ofedundant manipulator.

manipulator and robot mechanisms. We need to track the The workspace represents the part of the environment
position of the working member of the manipulator relativ/here the end effector of the manipulator can reach. Its
to the inertial coordinate system. Using matrix methods khape and volume also depend on the design of the
kinematics, we can determine the position of the enganipulator as well as on the presence of mechanical

member of the monitored desired working member of theynstraints of the bonds. The task required of the arm is to
robot. We solve the inverse and forward kinematics. We

~ 15 ~
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position the wrist, which is then required to orient the en@artesian manipulator is also shown in Fig. 2 c). An

effector; then at least three degrees of mobility in a threexample of a Cartesian robot from Epson-Seiko is shown

dimensional workspace are required. The type and Fig. 2 d) [6-7].

sequence of degrees of mobility of the arm, starting from In contrast to the high precision, the design has low

the base joint, allows manipulators to be classified adexterity because all the joints are prismatic. The approach

cartesian, cylindrical, spherical, SCARA ando handling the object is lateral. On the other hand, if it is

anthropomorphic [1-7]. desired to approach the object from above, a Cartesian

manipulator can be implemented using a gantry structure,

3 Theconfiguration of robotic structures as shown in Fig. 2 e). Such a structure makes it possible to
Moving a person from one place to another is a tagitain a large volume workspace and to handle objects of

often solved by a person. In robotics, planning the pat@rge dimensions and weight.

along which the working member will move is one of the

basic tasks. In robotics, for example, we are looking for the %2

path of a robotic arm or the path of a mobile service robot -

from the starting position to the target position. During its 9, A

work, the robot moves in the workspace, which is Bl ]| | z3
determined by the possibilities of its joint variables. The & DN V

types of workspaces are related to the configuration of \\%\ /}//’

robotic structures. Their overview is shown in Fig. 1 a) to X A~

Fig. 1 d) [7]. The designation of joints in the description o)
the picture is P - prismatic joint with translational motion, Tt
R — rotational joint, with rotational motion [6-7].

Figure 2 The Cartesian structure of robots with prismatic joints
PPP a) kinematic structure and workspace, b) kinematic scheme
with generalized coordinates of the kinematic pairsdag, =
d2, gg= ds, c) workspace of the kinematic structure, d) the
Epson Cartesian Robot, €) gantry manipulator [1-7], f ) gantry
manipulator with 3 axis linear module [14]

Figure 1 Mechanical structures of robots a) cartesian PPP  Cartesian manipulators are used for material handling

structure, b) cylindrical RPP structure, ¢) polar RRP structure,and assembly. The joint control of the Cartesian
d) universal RRR structure [7] manipulator motors is typically electric and occasionally
pneumatic [1-7].

3.1 Cartesian geometry of robot

Cartesian geometry is realized by three prismatic linkg,2  Cylindrical geometry of robot
the axes of which are typically perpendicular to each other The cylindrical geometry of the cylindrical manipulator
(Fig. 2 a). Due to the simple geometry, each degree Rpp differs from the Cartesian one in that the first
mobility corresponds to a degree of freedom in Cartesigiismatic joint is replaced with a revolute joint (Fig. 3 b).
space, so it is natural to make direct movements in spafiethe task is described in cylindrical coordinates, also in
For a Cartesian manipulator, the joint variables are thgis case each degree of mobility corresponds to a degree
Cartesian coordinates of the end effector relative to thg freedom. The cylindrical structure offers good
base (Fig. 2 b). _mechanical stiffness. Wrist positioning accuracy decreases

The Cartesian structure offers very good mechanicgk the horizontal stroke increases. The workspace is a
stiffness. The accuracy of wrist positioning is constant iﬂortion of a hollow cylinder (Fig. 3 a). The horizontal

each working space, which is the volume bounded byismatic joint makes the wrist of a cylindrical manipulator
rectangular prism (Fig. 2a). The workspace of the

~ 16 ~
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suitable to access horizontal cavities. Cylindrical
manipulators are mainly employed for carrying objects
even of gross dimensions, in such a case the use of
hydraulic motors is to be preferred to that of electric
motors.

Cylindrical robots operate in a cylindrical-shaped work
environment and have at least one rotary axis at the base
and one or more prismatic (linear) axes [1-7].

e) f)
Figure 4 Spherical structure of robots a) kinematic structure
RRP, b) generalized coordinates of the kinematic pairs are
Q1=61, =02, g=ds, c) kinematic scheme of RRP structure, d)
workspace of RRP structure, e)-f) Stanford Arm [1-7]

3.4 Scara manipulator
A special is the SCARA structure that can be realized
by disposing two revolute joints and one prismatic joint in
such a way that all the axes of motion are parallel
Fig. 5b). The acronym SCARA stands for Selective
ompliance Assembly Robot Arm and characterizes the
mechanical features of a structure offering high stiffness to
3.3 Spherical geometry of robot RRP vertical loads and compliance to horizontal loads. As such,

The spherical manipulator RRP differs from thdhe SCARA structure is congenial to vertical assembly

cylindrical one in that the second prismatic joint is replacd@Sks: Wrist positioning accuracy decreases as the distance

with a revolute joint (Fig. 4 a). of the wrist fr_om.the first joint axis increases. The typical
Mechanical stifiness is lower than the above tw¥/orkspace is illustrated in Fig.5a). The SCARA

geometries (cartesian and cylindrical) and mechanic_g]_anlpulator is suitable for mampulatlon of small objects;

construction is more complex. The workspace is a portidfints are actuated by electric motors [1-7].

of a hollow sphere (Fig. 4 d), it can also include the SCARA are often used in assembly operations. They

supporting base of the manipulator and thus it can allof@y on the cylindrical design and have two parallel axes

manipulation of objects on the floor. SphericafN@t provide movementin one plane.

manipulators are mainly employed for machining. Electric

motors are typically used to actuate the joints. Figure 4 e)-

f) shows the Stanford arm. They are used in welding,

pressure casting and injection or extrusion machines [1-7].

c)

Figure 3 Cylindrical structure of robots a) kinematic structure

RPP, b) generalized coordinates of the kinematic pairs are

Q1=61, p=d2, (= ds3, C) the Seiko RT 3300 Robot d) workspac
of the cylindrical manipulator [1-7]

~17 ~
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Shoulder

Forearm

Elbow
Body
V.

) o ;!
Figure 6 Articulated configuration of robots a) kinematic
structure RRR and workspace, b) generalized coordinates

qi = 61, = 02, 5= O3, c) workspace of the manipulator, d)
ABB IRB 120 Robot [1-7]

The joints are usually powered by electric motors. The
range of industrial applications of articulated manipulators
is wide [1-9].

3.6 Parallel manipulator
Parallel manipulator has two or more independent
kinematics chains which are connecting the base to the
end-effector (Fig. 7).
A parallel robot with six degrees of freedom, where the
mobile platform and the base are connected by six legs, is
9) shown in Fig. 7 d). The desired location of the mobile
Figure 5 Scara structure of robots a) kinematic structure RRPPlatform can be achieved by changing the length of the legs
and workspace, b) generalized coordinates with@, = >,  using controlled prismatic joints. This architecture was
0s= ds, c) Epson E2L653S Scara Robot, d) RRP structure andised by Gough in 1947 to design tire testing machines and
workspace e) kinematic structure RRRP, f) Scara manipulatoinspired the design of a flight simulator (Fig. 7 e). It is
structure RRPR, g) Scara manipulator structure PRRR [1-7] known as Gough-Stewart parallel robot. Parallel link
) ) ) robots also called Delta robots consist of parallel links
3.5 Articulated configuration of robots RRR connected to a common base. Delta robots are used in pick-
The articulated configuration is realized by thrend-place systems [1-9].
revolute joints, the axis of the first joint is orthogonal to the
axes of the other two, which are parallel (Fig. 6 b). Based
on its similarity to the human shoulder, the second joint is
called the shoulder joint and the common joint is called the
elbow joint, which connects the "arm" to the "forearm".
The articulated structure is the cleverest, as all the joints
are rotatable. The accuracy of wrist positioning varies
within the workspace. In Fig. 6 a) is the working space part
of the sphere [1-7].
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00=0,

0
Figure 8 Two-link manipulator kinematic scheme

- When solving a direct kinematic problem, the
kinematic equations (1) and (2) determine the position of
the end point of the arms M.

c)

Xy = L,cos8, + L,cos(6; + 6,) @)
Yy = L,sin6; + L,sin(6; + 6,) 2

With the known sizes of the angular quantifesnd
.e) 02, we can determine the position of the point M described
Figure 7 Parallel structure of robots a) Woux - ABB IRB940 by the coordinatesyxand y and solve the direct problem
Tricept Parallel Robot [6-7], b) Delta robot with number of f kinematics. With the known position of point M with
axes 3, ¢) scheme of parallel robot [7],d) kinematic scheme oP dinat ’ d det ine th sand
parallel robot [9], e) the design of a flight simulator goo\;v Inates g and yi, we can determine the angiasan
. We solve the inverse problem of kinematics [10-13].

4 Kinematic analysis of mechanisms

Today's requirement is to design mechanisms that m
various technological and functional requirements for thejr " . . o :
operation in the production process. This also applies to t c_:t!onal relatl_onshlp between the joint variables gnd the
demands for the development of mechanical structuresRf#Sition and orientation of the end effector. The inverse
manipulators and robots. Finding the position of the erddneématics problem consists of determining the joint
member of the kinematic chain of the manipulator of th42riables corresponding to the given position and
individual members of the industrial robot based on tHrientation of the end effector. The solution of this problem

known angular rotations in the individual kinematic pair’S Of fundamental importance for the transformation of the
movement specifications assigned to the end effector in the

is a relatively simple task of solving direct kinematics. . h di £ th
More demanding is the inverse task of kinematics, whefP€ative space, to the corresponding movements of the

the position and orientation of the gripper are given, ad@nt SPace, whlchd_enali]le ;cjhe eXISCUt'On.Of the desired
we are looking for the angular coordinates of individudf'ovement. Regarding the direct kinematic equation (1)
kinematic pairs [4-6]. We encounter the solution of thesdd (2) the en_d-_effectpr position are calculated in a unique
two tasks most often in the kinematic analysis of robots alfy ©nce the joint variables . Lz , 81 and6, are known.
manipulators. In the two-member robotic arm in Fig. 8 with rotational

In the two-member robotic arm in Fig. 8 with rotationakinématic pairs in individual joints, with arm rotation
kinematic pairs in individual joints, with arm rotation2n9les1 andbz, when solving a direct kinematic problem,

anglesd; andd,, we will encounter the solution of the directkinematic equations (1) and (2) determine the position of
and inverse kinematics problem. the end point of the arms M. This is the solution of a direct

kinematic problem.

&1 Theforward kinematics
The forward kinematics equation establishes a

4.2 Theworkspace of robot

The workspace of an industrial robot can be defined as
a set of all end positions of the end of the arm, i.e. flanges
that can be reached at the end positions of each of the
robot's axes. It is determined by the volume of space within
the maximum reach of the robot flange or effector, which
is attached to the robot flange (gripper, tool, etc.).

The workspace is an important parameter when
planning a robot task. All his movements must remain

~ 19 ~
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inside the workspace as shown in Fig.11a). ltis
considered one of the most important characteristics for
choosing a suitable robot.

An arbitrary orientation of the end effector is usually
not possible in the border positions of the robot workspace.
As a rule, it is difficult for the effector to access the
manipulated object, which is in location a borderline
position of the workspace.

The choice of the workspace depends on the nature o
the work tasks, which depend on the used kinematic
structure of the robot. Structures with serial kinematics are
characterized by the fact that they perform movement
independently of each other. The resulting movement is
composed of a certain sequence of movements performe
by these kinematic pairs. b)

The working space of the manipulator is a subspace

the entire possible space of all arm positions that the end

point of the manipulator's gripper can take. The size and

shape of the working space of the manipulator depends on

the properties of the manipulator, namely on the geometB@:
dimensions of the arms; land L, and on the limitations of
the joint variables gand @. The joint variables in our case
areq=6,and g=0,.

The following graph (Fig. 11 b) shows all the x,y date
points generated by cycling through various combinatior
of anglest; (thetal) and. (theta2) and the derivation of
the x and y coordinates for the endpoints of the arms. Tt
space can be rendered using the commands shown
Fig. 10 [10-13].

y (m)
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coordinates x,y for all 0, (from -90 to 90) and 0, (from 0 to 90) combinations

0.6

047

0.2

021

04t

-0.6 -

i)

-0.6

-0.4

-0.2 0

0li?igure 11 Workspace a) two link arms with workspace, b) the
orkspace of two link arms for the given joint limits of angles

610=-90°, 620=0°, 01=90°, 021=90° in Matlab

X,y coordinates for theta1l and theta2 combinations

Workspace with joint restrictions:
<6, <180° and—90° < @, < 270°is shown in
Fig. 12.

0.6

04r

LR
Yiale
Yiriala

‘ ‘
111
Wity

0.6
x (m)

AL Figure 12 Two-link manipulator workspace with angles in joints
0°<6, <180° and —90° < 6, < 270°

Figure 10 M-file in Matlab m-file in Matlab for determining the
workspace of two-link manipulator

The workspace is shown in Fig. 11 b)
Yo

Xa
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With the restrictions fob; and6, the workspace will be
in the form shown in Tald..
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Table 1 The x-y coordinates for &l andd. combinations Angles6: and6; of the arms of lengthiland Lo, at the
o XY coorinates for B 0, and 6, combinations initial position of the arms and the final position of the arms
asf " in Fig. 14 are determined using the m-file in Fig. 16 a).
% ol S5 3 % y/ Mt
S 02 . (<4 W
.:|I; ..'.I? r .':-:' _. ﬁ‘ﬁ .:‘.: 1. .:!I? EI .'.‘:\ :I4 n-ﬁ / .
a) p: 0°%8,< 5 and T O b) -q: 0°8,5180° and 4556,50" O;tf\ O1r P Oat
-. coordinates for §, and #, combinations. coordinates for 0, and &, combinations (ﬂ *
| 2 . 2 . o4
) E 02 =
o
02
06 04 02 .S:.|| 02 04 08 né na E) o ) 04 i . X . L X
e . __tim) Figure 14 Two link arms in the given joint limita=-90°,
¢)r: 0°S8:5180%and 058, 545 d) s : 0°58:5180"and 45°5 6,590 o o o
w-y coordinates for all 8, and 8, binati 920_0 ! Hllf:90 1 HZIf:gO
e 02 : The trajectory of the end point M when moving from
g o position M to position M is shown in Fig. 14. The m-file
B E for determining the trajectory when moving from poirg M
& to point M is in Fig. 16 b) [10-13].
o CHEECEIEY 43 %3 B2 A1 @ 61 02 06 Trajectory of the point M
e} u: 0°E0,<180° and 90°< 8, £ 135° fl-w: 0°6,<180° n‘m:l 135°< 8, < 180° ’
T b oA RGO YK Y S t=2s: (xy) = (0,0.6)
- ; . 0.4 \
Es O : 0.2 \
_ \
2 2 0
g)-b: 0°=B,s mu::-;d 180°% @, = 225° h)-c: 0'=8, 130'2::;:1 225°£8, £ 270" /
-0.2
The resulting workspace with joint constraints is shown
A t=0s: (xy) = (0.4,-0.4)
in Fig. 13. 04
-0.2 0 0.2 0.4 0.6 0.8
coordinates for ¢ 1 and 02 combinations X

; ; . Figure 15 Trajectory of the two-link manipulator from position

05l pl Mo (0.4, -0.4) to the position MO, 0.6)
' q
r
w 04 s |1
~ u
v 027s Wi
= br.
£ e c 4
= 0f R T
- ri
enn.6

syms thetall theta20 thetaltf theta2tf
E10 = L1*cos (thetall) +L2*cos (thetall+theta20) -xM0;
E20 = L1*sin(thetal0)+L2*sin(thetalO+theta20) -yM0;
theta20] = solve (E10,E20) ;
double (thetal0* (180/pi))
theta20 — double (theta20*(180/pi))

.

06 04 -02 0 02 04 06 Qe ;

x,[m],i=1,2,..8 Q) wmiii - SRR ) b)=
Figure 13 Two-link manipulator — the position of the endpoint  Figure 16 a)M-file ford; and0, , b) M-file for trajectory of
two-link manipulator
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The trajectory of the end point M when moving from
position M to position M (Fig. 15) is in the workspace in Refer ences

Fig. 17 for angular size restrictions: [1] ANGELES, J.:Fundamentals of Robotic, Mechanical
—90 <60, <90 a 0 <6,<90. systems 2 ed., Springer Verlag, New York, USA,
2003.
The trajectory in Fig. 17 will be drawn by completing[2] SPONG, M.V.:Fundamentals of Robotic, Mechanical
the commands: o systems,® ed., Springer, 2002.
fggég)ﬁ\(—%)éS " (')X('f("y) :b&o 4'_OL'2)e.W'dth 32)' [3] MURRAY, J.C.: A mathematical introduction to
text(-0.4.0.4, M {tf} (xy) = (0,0.6) y robotic manipulation,CRC Press, Boca Raton, FL,
to the above-mentioned m-file for determining the 1994. _ .
workspace in Fig. 10. [4] LATOMBE, J.C.: Robot Motion Planning,Kluwer

Academic Publishers, Boston, 1991.
coordinates x,y for all 0, (from -90 to 90), 0, (from 0 to 90) [5] CRAIG, M.V.: Fund.amentals of Robotic, Mechanical
- systems2'? ed., Springer, 2002.

0.6 [6] SCIAVICCO, L., SICILIANO, B.: Modelling and
04 Control of Robot Manipulators2™ ed., Springer-
' Verlag, London, 2000.

0.2 [7] DUYSINX, P., GERADIN, M.: An introduction to

Robotics: Mechanical Aspecttiniversity of Liége,
> 0 Liége, 2004.

02 [8] CRAIG, J.: Introduction to Robotics: Mechanics and
Control, Pearson Prentice Hall'%%d., 2005.

0.4 [9] CECCARELLI, M., OTTAVIANO, E.: Kinematic
design of ManipulatorsUniversity of Cassino, Italy,

06 2008.

0.5 1 [10] HRONCOVA, D., RAKAY,R., LIPTAK, T.
X Sim Mechanics and Forward and Inverse Problem of
Figure 17 Two link arms and the workspace of the 2R robot for Dynamics,Journal of Automation and ControVol.
the given joint |imit§10:-900, 020=0°, 01=90°, 62=90° in 3’ No. 3, pp. 58-61, 2015.

Matlab with trajectory from point Mto point M. [11] HRONCOVA. D.. DELYOVA, I.. FRANKOVSKY,

P.: Kinematics of Positioning Device for Material
Handling in ManufacturingActa logistica Vol. 8,
No. 1, pp. 11-18, 2021.
https://doi.org/10.22306/al.v8i1.194

HRONCOVA, D., SINAK, P.J.,, MERVA, T,
MYKHAILYSHYN, R.: Robot trajectory planning,
MM Science Journalol. 2022, No. November, pp.
. 6098-6108, 2022.

5 Concluson _ , _ , https://doi.org/10.17973/MMSJ.2022_11_ 2022093
The paper deals with the issue of kinematic analysis f1f3] HRONCOVA D., MIKOVA, L., VIRGALA, I.,
an industrial robot. The kinematic structure of the robotis = praADA, E.: Kinematics of Two Link Manipulator in
represented by an open kinematic chain. A direct |\jatlab/Simulink and MSC Adams/View Software
kinematics problem was used to solve the problem. The \MM Science JournalVol. 2021, No. October, pp.

solution procedure consists of the calculation and graphical  4749-4756, 2021.

representation of the manipulation space of the end effecfn] Factory Automation | Gantry Robots, Rack and Pinion
while considering various joint constraints. The analysis ~ Gantry Robots, Track Motion Automation Systems,
also includes a graphical representation of the end effector - components, [Online], Available: https:/www.usko
trajectories. reahotlink.com/products/factory-automation/gantry-
robots-rack-and-pinion [07 Jan 2023], 2023.

Various objects, obstacles, tools, etc. can be placed in
the robot's handling space. Their position can be easily
described with respect to the base space. The forward
kinematics is used to determine the relative position of tEJe_2

: . . ; [12]
arm with respect to the objects located in the manipulation
space of the robot [6-9].
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