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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 

A large number of people have a medical handicap and 
cannot walk with their own feet. These are different 
diagnoses that do not have a favourable prognosis for 
improving the ability to walk in normal conditions. There 
are also cases where it is a permanent loss of mobility with 
the help of the lower limbs. For these cases, it would be 
appropriate to design a suitable device that would replace 
walking with the legs. Standard wheelchairs are a solution 
that often has a problem with obstacles that occur in 
urbanized environments, so there is room for walking 
structures. However, commonly used kinematic walking 
structures create a side-to-side rocking motion to maintain 
static and dynamic stability while walking. The application 
of this conventional way of walking would mean 
uncomfortable walking for a person. It would therefore be 
a biped chair that could handle obstacles such as stairs and 
curbs and other unevenness in the exterior. 

The goal is to design a kinematic structure with as few 
degrees of freedom as possible and at the same time a good 
ability of mobility with minimal swaying movements to the 
sides. A small number of degrees of freedom also means a 
small number of actuators, and thus the energy 
requirements and range of the created structure also 
decrease. Walking structures have a disadvantage in terms 
of energy balance compared to wheeled structures, so 
suitable kinematic structures with a lower number of 
degrees of freedom could be a better solution. [1-29]. 

 
2 Robotic platform concept design 

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. 

One actuator would have to be located in the hip joint. 
The second actuator would have to be located in the knee 
joint and the third actuator could be in the ankle joint. The 
movement could be realized by crossing each other's feet 
(Figure 2). 

However, the use of this kinematics entails a rocking 
motion with a large change in the position of the base of 
the robot in the vertical direction. If we consider that a 
person who is being transported would be placed in this 
base, then this movement is very uncomfortable. 

 

 
Figure 1 Biped robotic platform concept A 
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Figure 2 Walking algorithm of biped robotic platform concept A   

 
Another robotic platform concept (Figure 3) no longer 

takes inspiration from human kinematics, but also includes 
a linear actuator and two rotary actuators in each leg. The 
linear actuator replaced the rotary actuator in the knee and 
thus created the possibility of lifting the leg while crossing 
the other leg without vertical displacement of the robot 
base (Figure 4). In terms of energy, however, this concept 
is still demanding, and the effort is to reduce the number of 
actuators even more. 

 

 
Figure 3 Biped robotic platform concept B 

 

 
Figure 4 Walking algorithm of biped robotic platform concept B 
 

Another concept is a design with two actuators in each 
leg (Figure 5), while the rotation is performed in the ankle 
joint and the linear movement of the actuator is performed 
in the hip joint, where this linear actuator is used to realize 
just the crossing of the legs and the compensation of the 
vertical movement activity so that the robotic base did not 
change its vertical position (Figure 6). This concept 
provides with two actuators the possibility of walking, 
even while maintaining the vertical position of the base. 

 

  
Figure 5 Biped robotic platform concept C 
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Figure 6 Walking algorithm of biped robotic platform concept C 
 
 

 

 
Figure 7 Rotating foot for changing walking direction 

 

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. 

 

 
Figure 8 Final design of the walking robotic platform - front 

view 
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Figure 9 Final design of the walking robotic platform - side 

view 
 
3 Simulations of the movement of the 

robotic platform  
A mathematical model of the robotic platform was 

created from the proposed kinematics. The walking 
simulation confirmed the ability to walk for the proposed 
concept while also maintaining a stabilized vertical 
position (Figure 10, Figure 11). The ability to change the 
direction of walking is also important for the application of 
the structure for movement in space. The rotation of the 
robotic platform was simulated (Figure 12) and the results 
also confirm the usability of the proposed structure. 

 

 
Figure 10 Walking simulation of the designed platform - CAD 

model  

 

 
Figure 11 Simulation of walking of the proposed platform - 

math model  
 

 
Figure 12 Simulation of the rotation of the designed platform  

 
4 Conclusion 

In the thesis, a robotic platform of a two-legged 
walking structure was designed, which can also be used for 
"bipedchair" applications as an alternative mobility 
solution for disabled people who have problems with 
walking. During the design, emphasis was placed on the 
minimum number of degrees of freedom and thus also the 
minimum number of actuators, which means minimum 
energy consumption. Energy consumption is also 
influenced by the kinematic arrangement of the platform 
itself. The proposed solution has unique properties, as it 
allows maintaining a stable vertical position of the base of 
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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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 

The system (Figure 1) consists of three storage tanks A, 
B, C and one master tank. Liquids from storage tanks are 
fed into the master tank by solenoid valves according to the 
chosen procedure, where they are mixed and then 
discharged into the main collecting tank through the outlet 
valve. The goal is to prepare the concept of a control 
system for the automatic control of the technological 
process of preparation of liquid mixtures with the 
possibility of service intervention in the process in case of 
emergency shutdown of the system or manual switching on 
of some part of the system in the event of a malfunction. 
The proposed reservoir management system will be used 
for didactic purposes for the practical education of students 
[1-17]. 

Reed switch float level sensors are designed to detect 
the level of liquids in each tank. Solenoid valves are 
designed for the discharge of liquids by gravity discharge 
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. 

Options for alternative solutions to the process can be 
changed and set according to the selected recipe. 

 

 
Figure 1 Educational model layout design 
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Figure 2 Simulation of fluid mixing and discharge of fluid into 

the tank   
 

2 Control system design 
The proposed diagram (Figure 3) shows the location of 

individual sensors, solenoid valves and pumps in the 
proposed system concept. The connection of individual 
components in the system is designed using transparent 
hoses. 

 

 
Figure 3 The diagram of the system 

 
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 
designed to run a real-time operating system and 
applications that implement the necessary algorithms. Its 
main difference from general-purpose computers is the 
large number of input/output devices for sensors and 
actuators, as well as the ability to work reliably in adverse 
conditions: wide temperature range, high humidity, strong 
electromagnetic interference, vibration and more. 

PLCs have a number of features that distinguish them 
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. 

- Unlike computers focused on decision-making and 
operator management, PLCs are focused on working with 
machines through an extensive I/O 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 
equipment controlled by it. 

Siemens TIA Portal software (Figure 4) will be used to 
program the controller for our wishes. TIA Portal (Totally 
Integrated Automation Portal) is an integrated software 
development environment for process automation systems 
from the level of drives and controllers to the level of 
human-machine interface. 

  

 
Figure 4 TIA Portal Workspace
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It is the embodiment of the concept of integrated 
automation (Eng. Totally Integrated Automation) and the 
evolutionary development of the Simatic family of 
automation systems from Siemens AG. 

Development of projects for controllers and distributed 
I/O devices, configuration of human-machine interface 
systems and SCADA systems, parameterization of network 
components and communication modules, debugging of 
software control algorithms, as well as commissioning of 
drives - all this is combined into a common software 
structure and have a unified user interface. This not only 
speeds up work, but also allows you to create transparent 
solutions that are easy to maintain and diagnose and can be 
easily expanded or transformed.   

Variables or tags must be stored before creating the 
program itself. In essence, this is the identification of the 

actual inputs and outputs in the system that will operate the 
PLC. Using Image 30 you can see all the main devices that 
will be connected to the PLC. Sensors are inputs, and 
solenoid valves and pumps are outputs. Using this, you can 
create tags for the program. 

To simulate the system before connecting it, the 
physical inputs must be set as memory to be able to change 
them and simulate possible situations in the system 
(Figure 5).  

Level sensors are designed for the concept of this 
system, which generate a logic level High when the liquid 
level exceeds the location of this sensor and generate a 
logic level Low when the liquid level drops below the 
location of this sensor. The opening of all solenoid valves 
will be realized by setting the logic level High, and the 
closing will be realized by setting the logic level Low.

  

  
Figure 5 PLC tags

After identifying the tags, you can start writing the 
program. FBD (Function Block Diagram) was chosen as 
the programming language for this project. For better 
orientation in the program it can be divided into networks, 
each of which will correspond to the tanks. 
 
3 Concept of function block diagram 

networks 
Network 1: Total Start Stop (Figure 6) is designed for 

total program control. The network contains the "Set/reset 
flip-flop" (SR flip/flop) instruction to set or reset the bit of 
a specified operand based on the signal state of the inputs 
S and R1. If the signal state is "1" at input S and "0" at input 
R1, the specified operand is set to "1". If the signal state is 
"0" at input S and "1" at input R1, the specified operand 
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 
"START" input causes the system to be fully turned on, 

and the "STOP" input represents the system to be 
completely turned off. In other networks, the output from 
this block "Startup" will be incorporated so that this block 
of network 1 enables absolute control over all systems and 
enables a safe shutdown of the system and then a restart to 
the last known configuration. This network 1 will therefore 
be the superior system for other networks. 

 

 
Figure 6 Network 1: Total Start Stop 

 
Network 2: Controlling of Pump A (Figure 7) also 

contains an SR flip/flop block for switching on or off of 
pump A. For switching on, the signal "Float level sensor 
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hAL" is used, which signals that the liquid level is below 
the level of this sensor and using the logic level LOW starts 
the SR block and turns on pump A, but only if at the same 
time the superior system "Startup" is in the state of logic 
level HIGH". Resetting the SR block and thus turning off 
pump A is possible when the liquid level reaches the level 
of the sensor "Float level sensor hAH " and that, using the 
logic level HIGH, causes pump A to be turned off. Or 
pump A can be turned off using the superior system 
"Startup" from network 1. 

An additional block "estop pump A" was added to 
network 2, which is created using an RS flip/flop block for 
independently safely turning off pump A. 

 

 
Figure 7 Network 2: Controlling of Pump A 

 
Network 3: Controlling of Pump B (Figure 8) and 

Network 4: Controlling of Pump C (Figure 9): Controlling 
of Pump C are similar to network 2. The operation of pump 
B is connected to the sensor "Float level sensor hBL" and 
to the sensor "Float level sensor hBH". The operation of 
pump C is connected to the sensor "Float level sensor hCL" 
and to the sensor "Float level sensor hCH". Both of these 
networks are conditioned by the superior system from 
network 1 "Startup". 

 

 
Figure 8 Network 3: Controlling of Pump B 

 

 
Figure 9 Network 4: Controlling of Pump C 

 
Network 5: Filling of Master Tank with fluid A using 

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 "Float 
level sensor hM1" sensor. Network 5 is also supplemented 
with another RS flip/flop block "estop valve A", which is 
used to create the possibility of emergency shutdown of 
valve A independently of other devices. 

 

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

the valve A  
 

Network 6: Filling of Master Tank with fluid B using 
the valve B (Figure 11) - is implemented analogously to 
network 5. However, in this network valve B is started for 
filling fluid from tank B to the master tank between the 
level levels detected by the sensors "Float level sensor 
hM2" and "Float level sensor hM3". Also, this valve B can 
only be started if the superior system "Startup" is active and 
the master tank has been previously drained. Valve B can 
also be started only if the liquid in tank B is at least above 
the level of the "Float level sensor hBL" sensor. Also in 
this network, an RS flip/flop block for emergency 
shutdown of this valve B "estop valve B" is added. 

. 

 
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 
tank with fluid from tank C between the levels of the 
sensors "Float level sensor hM3" and "Float level sensor 
hM4" in the master tank. This process can only be carried 
out if there is at least a minimum amount of liquid in tank 
C above the level of the "Float level sensor hCL" sensor 
and the master tank volume has previously been 
completely emptied, which is signalled by the "empty 
master" tag. Also in this network, the "estop valve C" block 
is added for the emergency shutdown of valve C. 

Network 8: Empty Master tank (Figure 13) - it should 
leave the filled mixture of liquids for 10 seconds and then 
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 
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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. 

 

 
Figure 12 Network 7: Filling of Master Tank with fluid C using 

the valve C 
 

 
Figure 13 Network 8: Empty Master tank after 10 seconds  

 

 
Figure 14 Network 9: Master Tank status  

 
4 Process visualization 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). 

 

 
Figure 15 System in off state  

 

 
Figure 16 Filling tanks A, B, C  
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In addition, the HMI is supplemented with an 
emergency shutdown of all systems or individual systems 
can be shut down individually. 

The filling and draining of fluids are also indicated by 
status indicators with a dark blue colour (Figure 17). To 
display the discharge progress of the master tank, a time 
indication of the discharge progress is also added. 

 

 
Figure 17 Filling the master tank  

 
5 Conclusion 

In this work, the concept of controlling cascading tanks 
for mixing liquids in the technological process according 
to the chosen procedure was proposed. Individual filling 
and emptying is controlled automatically according to the 
status of individual sensors. All action subsystems such as 
pumps and valves can be turned off in an emergency with 
one button or separately with special buttons. In the next 
work, the diagnostic network for detecting fault conditions 
of individual subsystems will be solved, and the possibility 
of flexible change of the mixing procedure of the mixture 
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. 
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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 

The development of robots and manipulators belongs 
to the complex development process of entire mechanical 
engineering, electrical engineering and many other fields 
as their inseparable part. Extending the handling 
capabilities requires the development of new types of 
kinematic structures, not only of individual types of 
manipulators, but also of entire handling systems [1-3]. 

Assessing industrial robots and manipulators requires 
to distinguish between the mechanical part and the part 
formed by the control system. A characteristic feature of 
the mechanical part is the kinematic structure, which 
significantly affects the basic properties of robots and 
manipulators, especially the size and shape of the handling 
and working space. 

Currently we have experience with the wide application 
of industrial automated robotic workstations used mainly 
for assembly purposes in many manufacturing companies. 
This results in the need to control an industrial robot in a 
defined space. The robot mechanism is mostly an open 
kinematic chain. In the case of a mechanical system of 
industrial robots used in the production process, this 
mechanism can have 3 or more degrees of freedom of 
movement, which depends on the specific robot. In this 
article, we will focus on the kinematic analysis of 
manipulator and robot mechanisms. We need to track the 
position of the working member of the manipulator relative 
to the inertial coordinate system. Using matrix methods in 
kinematics, we can determine the position of the end 
member of the monitored desired working member of the 
robot. We solve the inverse and forward kinematics. We 

are also interested in the workspace in which the robot 
moves during its work. The presented article is dedicated 
to this issue [4-7]. 

 
2 Kinematic structure of robot 

mechanisms 
The basic structure of the robot is an open kinematic 

chain. Alternatively, the chain can also contain a closed 
loop of members, it will be a kinematic chain with a closed 
loop. The point of connection of two links is called a 
kinematic pair. The mobility of the members connected to 
each other is ensured by joints. Articulation between 
connected members is realized using a prismatic or rotary 
joint. The prismatic joint enables the translational 
movement of the members connected to each other. The 
rotary joint enables mutual rotation of the members in the 
joint. Rotary kinematic pairs are preferred over 
translational ones for compactness and reliability [6]. 

Our aim is to position and orientation an object in three-
dimensional space. We require six degrees of freedom in 
space, three for the location of a point on the object and 
three for the orientation of the object relative to the 
reference coordinate system. If we have more degrees of 
freedom than necessary, we speak of a kinematically 
redundant manipulator. 

The workspace represents the part of the environment 
where the end effector of the manipulator can reach. Its 
shape and volume also depend on the design of the 
manipulator as well as on the presence of mechanical 
constraints of the bonds. The task required of the arm is to 
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position the wrist, which is then required to orient the end 
effector; then at least three degrees of mobility in a three-
dimensional workspace are required. The type and 
sequence of degrees of mobility of the arm, starting from 
the base joint, allows manipulators to be classified as: 
cartesian, cylindrical, spherical, SCARA and 
anthropomorphic [1-7]. 

 
3 The configuration of robotic structures 

Moving a person from one place to another is a task 
often solved by a person. In robotics, planning the path 
along which the working member will move is one of the 
basic tasks. In robotics, for example, we are looking for the 
path of a robotic arm or the path of a mobile service robot 
from the starting position to the target position. During its 
work, the robot moves in the workspace, which is 
determined by the possibilities of its joint variables. The 
types of workspaces are related to the configuration of 
robotic structures. Their overview is shown in Fig. 1 a) to 
Fig. 1 d) [7]. The designation of joints in the description of 
the picture is P - prismatic joint with translational motion, 
R – rotational joint, with rotational motion [6-7]. 

 

a)   b)  

c)   d)  
Figure 1 Mechanical structures of robots a) cartesian PPP 

structure, b) cylindrical RPP structure, c) polar RRP structure, 
d) universal RRR structure [7] 

 
3.1 Cartesian geometry of robot  

Cartesian geometry is realized by three prismatic links, 
the axes of which are typically perpendicular to each other 
(Fig. 2 a). Due to the simple geometry, each degree of 
mobility corresponds to a degree of freedom in Cartesian 
space, so it is natural to make direct movements in space. 
For a Cartesian manipulator, the joint variables are the 
Cartesian coordinates of the end effector relative to the 
base (Fig. 2 b). 

The Cartesian structure offers very good mechanical 
stiffness. The accuracy of wrist positioning is constant in 
each working space, which is the volume bounded by a 
rectangular prism (Fig. 2 a). The workspace of the 

Cartesian manipulator is also shown in Fig. 2 c). An 
example of a Cartesian robot from Epson-Seiko is shown 
in Fig. 2 d) [6-7]. 

In contrast to the high precision, the design has low 
dexterity because all the joints are prismatic. The approach 
to handling the object is lateral. On the other hand, if it is 
desired to approach the object from above, a Cartesian 
manipulator can be implemented using a gantry structure, 
as shown in Fig. 2 e). Such a structure makes it possible to 
obtain a large volume workspace and to handle objects of 
large dimensions and weight. 

 

a) b)  

c) d)  

e) f)  
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 pairs q1=d1, q2= 

d2, q3= d3 , c) workspace of the kinematic structure, d) the 
Epson Cartesian Robot, e) gantry manipulator [1-7], f ) gantry 

manipulator with 3 axis linear module [14] 
 

Cartesian manipulators are used for material handling 
and assembly. The joint control of the Cartesian 
manipulator motors is typically electric and occasionally 
pneumatic [1-7]. 

 
3.2 Cylindrical geometry of robot  

The cylindrical geometry of the cylindrical manipulator 
RPP differs from the Cartesian one in that the first 
prismatic joint is replaced with a revolute joint (Fig. 3 b). 
If the task is described in cylindrical coordinates, also in 
this case each degree of mobility corresponds to a degree 
of freedom. The cylindrical structure offers good 
mechanical stiffness. Wrist positioning accuracy decreases 
as the horizontal stroke increases. The workspace is a 
portion of a hollow cylinder (Fig. 3 a). The horizontal 
prismatic joint makes the wrist of a cylindrical manipulator 
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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]. 

a) b)  

c) d)  
Figure 3 Cylindrical structure of robots a) kinematic structure 

RPP, b) generalized coordinates of the kinematic pairs are 
q1=θ1, q2=d2, q3= d3 , c) the Seiko RT 3300 Robot d) workspace 

of the cylindrical manipulator [1-7] 
 

3.3 Spherical geometry of robot RRP  
The spherical manipulator RRP differs from the 

cylindrical one in that the second prismatic joint is replaced 
with a revolute joint (Fig. 4 a). 

Mechanical stiffness is lower than the above two 
geometries (cartesian and cylindrical) and mechanical 
construction is more complex. The workspace is a portion 
of a hollow sphere (Fig. 4 d), it can also include the 
supporting base of the manipulator and thus it can allow 
manipulation of objects on the floor. Spherical 
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]. 

 
 

a) b)  

c)  d)  

e)  f)  
Figure 4 Spherical structure of robots a) kinematic structure 
RRP, b) generalized coordinates of the kinematic pairs are 

q1=θ1, q2=θ2, q3=d3 , 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. 5 b). The acronym SCARA stands for Selective 
Compliance Assembly Robot Arm and characterizes the 
mechanical features of a structure offering high stiffness to 
vertical loads and compliance to horizontal loads. As such, 
the SCARA structure is congenial to vertical assembly 
tasks. Wrist positioning accuracy decreases as the distance 
of the wrist from the first joint axis increases. The typical 
workspace is illustrated in Fig. 5 a). The SCARA 
manipulator is suitable for manipulation of small objects; 
joints are actuated by electric motors [1-7]. 

SCARA are often used in assembly operations. They 
vary on the cylindrical design and have two parallel axes 
that provide movement in one plane. 
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a) b)  

c)         d)  

e)  f)  

g)  
Figure 5 Scara structure of robots a) kinematic structure RRP 
and workspace, b) generalized coordinates with q1= θ1, q2= θ2, 
q3= d3 , c) Epson E2L653S Scara Robot, d) RRP structure and 
workspace e) kinematic structure RRRP, f) Scara manipulator 
structure RRPR, g) Scara manipulator structure PRRR [1-7] 

 
3.5 Articulated configuration of robots RRR 

The articulated configuration is realized by three 
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]. 

 
 

a) b)  

c)  d)  
Figure 6 Articulated configuration of robots a) kinematic 
structure RRR and workspace, b) generalized coordinates 

q1 = θ1, q2= θ2, q3= θ3 , 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 
shown in Fig. 7 d). The desired location of the mobile 
platform can be achieved by changing the length of the legs 
using controlled prismatic joints. This architecture was 
used by Gough in 1947 to design tire testing machines and 
inspired the design of a flight simulator (Fig. 7 e). It is 
known as Gough-Stewart parallel robot. Parallel link 
robots also called Delta robots consist of parallel links 
connected to a common base. Delta robots are used in pick-
and-place systems [1-9]. 

 
 
 
 
 
 
 
 
 
 
 
 



Acta Acta Acta Acta MechatronicaMechatronicaMechatronicaMechatronica        ----    International Scientific Journal about International Scientific Journal about International Scientific Journal about International Scientific Journal about MechatronicsMechatronicsMechatronicsMechatronics    

Volume: 8  2023  Issue: 1  Pages: 15-22  ISSN 2453-7306 

    

An overview of the kinematics and workspace of robots with different structures  

Ingrid Delyova, Darina Hroncova, Peter Frankovsky, Peter Sivak 

 
 

~ 19 ~ 

Copyright © Acta Mechatronica, www.actamechatronica.eu 

a)  b)  

 c)  d)  

 e)  
Figure 7 Parallel structure of robots a) Woux - ABB IRB940 
Tricept Parallel Robot [6-7], b) Delta robot with number of 

axes 3, c) scheme of parallel robot [7],d) kinematic scheme of 
parallel robot [9], e) the design of a flight simulator 

 

4 Kinematic analysis of mechanisms 
Today's requirement is to design mechanisms that meet 

various technological and functional requirements for their 
operation in the production process. This also applies to the 
demands for the development of mechanical structures of 
manipulators and robots. Finding the position of the end 
member of the kinematic chain of the manipulator of the 
individual members of the industrial robot based on the 
known angular rotations in the individual kinematic pairs 
is a relatively simple task of solving direct kinematics. 
More demanding is the inverse task of kinematics, where 
the position and orientation of the gripper are given, and 
we are looking for the angular coordinates of individual 
kinematic pairs [4-6]. We encounter the solution of these 
two tasks most often in the kinematic analysis of robots and 
manipulators. 

In the two-member robotic arm in Fig. 8 with rotational 
kinematic pairs in individual joints, with arm rotation 
angles θ1 and θ2, we will encounter the solution of the direct 
and inverse kinematics problem. 

 
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. 

 
�� � �����	� 
 �����
	� 
 	��  (1) 
�� � �����	� 
  �����
	� 
 	��  (2) 
 
With the known sizes of the angular quantities θ1 and 

θ2, we can determine the position of the point M described 
by the coordinates xM and yM and solve the direct problem 
of kinematics. With the known position of point M with 
coordinates xM and yM, we can determine the angles θ1 and 
θ2. We solve the inverse problem of kinematics [10-13]. 

 
4.1 The forward kinematics  

The forward kinematics equation establishes a 
functional relationship between the joint variables and the 
position and orientation of the end effector. The inverse 
kinematics problem consists of determining the joint 
variables corresponding to the given position and 
orientation of the end effector. The solution of this problem 
is of fundamental importance for the transformation of the 
movement specifications assigned to the end effector in the 
operative space, to the corresponding movements of the 
joint space, which enable the execution of the desired 
movement. Regarding the direct kinematic equation (1) 
and (2) the end-effector position are calculated in a unique 
way once the joint variables L1 , L2 , θ1 and θ2 are known. 

In the two-member robotic arm in Fig. 8 with rotational 
kinematic pairs in individual joints, with arm rotation 
angles θ1 and θ2, when solving a direct kinematic problem, 
kinematic equations (1) and (2) determine the position of 
the end point of the arms M. This is the solution of a direct 
kinematic problem. 

 
4.2 The workspace 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 
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inside the workspace as shown in Fig. 11 a). It is 
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 of 
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 performed 
by these kinematic pairs. 

The working space of the manipulator is a subspace of 
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 geometric 
dimensions of the arms L1 and L2 and on the limitations of 
the joint variables q1 and q2. The joint variables in our case 
are q1 = θ1 and q2 = θ2 . 

The following graph (Fig. 11 b) shows all the x,y data 
points generated by cycling through various combinations 
of angles θ1 (theta1) and θ2 (theta2) and the derivation of 
the x and y coordinates for the endpoints of the arms. This 
space can be rendered using the commands shown in 
Fig. 10 [10-13]. 

 

 
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) 

a)  

b)  
Figure 11 Workspace a) two link arms with workspace, b) the 
workspace of two link arms for the given joint limits of angles 

θ10=-90°, θ20=0°, θ1tf=90°, θ2tf=90° in Matlab 
 
Workspace with joint restrictions: 

0° � 	� � 180°  and  � 90° � 	� � 270°is shown in 
Fig. 12. 
 

 
Figure 12 Two-link manipulator workspace with angles in joints 

0° � 	� � 180°  and  � 90° � 	� � 270° 
 
With the restrictions for θ1 and θ2 the workspace will be 

in the form shown in Tab. 1. 
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Table 1 The x-y coordinates for all θ1 and θ2 combinations 

 

 
 
The resulting workspace with joint constraints is shown 

in Fig. 13. 
 

 
Figure 13 Two-link manipulator – the position of the endpoint 

 

Angles θ1 and θ2 of the arms of length L1 and L2, at the 
initial position of the arms and the final position of the arms 
in Fig. 14 are determined using the m-file in Fig. 16 a). 

 
Figure 14 Two link arms in the given joint limits θ10=-90°, 

θ20=0°, θ1tf=90°, θ2tf=90°  
 
The trajectory of the end point M when moving from 

position M0 to position Mtf is shown in Fig. 14. The m-file 
for determining the trajectory when moving from point M0 
to point Mtf is in Fig. 16 b) [10-13]. 

 

 
Figure 15 Trajectory of the two-link manipulator from position 

M0 (0.4, -0.4) to the position Mtf (0, 0.6) 
 

a) b)  
Figure 16 a)M-file for θ1 and θ2 , b) M-file for trajectory of 

two-link manipulator 
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The trajectory of the end point M when moving from 
position M0 to position Mtf (Fig. 15) is in the workspace in 
Fig. 17 for angular size restrictions: 

�90° � 	� � 90° a   0° � 	� � 90°.  
 
The trajectory in Fig. 17 will be drawn by completing 

the commands: 
plot(X(:),Y(:), 'r.' ,x,y, 'b-' , 'LineWidth' ,2), 
t ext(-0.4,-0.35, 'M_0 (x,y) = (0.4,-0.4)' ), 
t ext(-0.4,0.4, 'M_{tf} (x,y) = (0,0.6)' ) 

to the above-mentioned m-file for determining the 
workspace in Fig. 10. 
 

 
Figure 17 Two link arms and the workspace of the 2R robot for 

the given joint limits θ10=-90°, θ20=0°, θ1tf=90°, θ2tf=90° in 
Matlab with trajectory from point M0 to point Mtf. 

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

 
5 Conclusion 

The paper deals with the issue of kinematic analysis of 
an industrial robot. The kinematic structure of the robot is 
represented by an open kinematic chain. A direct 
kinematics problem was used to solve the problem. The 
solution procedure consists of the calculation and graphical 
representation of the manipulation space of the end effector 
while considering various joint constraints. The analysis 
also includes a graphical representation of the end effector 
trajectories. 
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