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DEVELOPMENT OF A MANIPULATOR KINEMATIC MODEL
USING ABB ROBOT STUDIO

The subject of the research in the article is the application of control technology and algorithms, construction of the
trajectory of movements and interaction with the production environment based on Abb Robot Studio. The goal of the work
is the simulation of a kinematic model of the manipulator, which will allow effective performance of actions in real time,
using the mathematical calculations and the Abb Robot Studio software. The article addresses the following tasks: to analyze
the current state of integration of manipulators into production processes, as well as to choose and substantiate the
development platform and robot model, to develop a kinematic model and design and write software for controlling
manipulators based on mathematical calculations. The use of mathematical analysis methods and the theory of automatic
control to simulate the operation of an industrial robot, simulation methods — to check the operation of an industrial robot model
in the ABB ROBOT STUDIO environment. The following results were obtained: an analysis of the current state of integration
of manipulators into production processes, in particular in the era of Industry 4.0, was carried out, a manipulative robot
was selected and substantiated, which satisfies the mathematical calculations carried out, a kinematic model was developed,
and its design was carried out, software for controlling manipulators was developed based on the conducted mathematical
calculations. Conclusions: a model and software module were developed for the adaptive execution of the production
process as part of the virtual model of the ABB IRB 1200 robot, which allows to increase the efficiency of the production
process, reduce downtime, and improve product quality. The optimization of trajectories and collision management allowed
to reduce the maintenance and operation costs of the robot, which led to an overall reduction in production costs, which will also be
reflected in long-term use. The developed software module allows the work to quickly adapt to changes in the production
process, which provides high flexibility and the ability to quickly adjust to new tasks.

Kinouosi cirosa: Industry 4.0, Abb Robot Studio, manipulator, robot, production, kinematic model, mathematical calculations.

Introduction Installing automated areas without disrupting

ongoing production is essential. This involves careful

The rapid evolution of production processes is
driven by various factors, and the adoption of automation
and robotic systems plays a crucial role. Some of the key
aspects of Industry 4.0 are [1-2]:

— technological advancements: the increasing power
of computers and advancements in specialized software
have enabled the creation of more sophisticated and
efficient robotic systems. Sensors and artificial intelligence
algorithms allow robots to perceive their environment,
analyze data, and adapt to specific tasks effectively;

—economic considerations: enterprises strive to
remain competitive, which compels them to adopt
cutting-edge technologies, including robotics. Over time,
the cost of robots and associated equipment has decreased
significantly, making them accessible to a broader range
of businesses. Implementing robotic systems can lead to
cost savings and increased productivity.

—gradual improvement: enterprises often seek
process improvements beyond the initial setup of
production. Thoughts about automation or enhancing
specific components emerge as the need to optimize
efficiency and expand capabilities arises.

planning and integration.

The convergence of technological advancements,
economic factors, and the desire for continuous
improvement drives the adoption of robotic systems in
production. By strategically implementing automation,
businesses can enhance efficiency while maintaining
control over the production process.

1. Manipulation robotics
and its control as a part of manufacturing

There are a lot of publications, connected with
related topic. For example, [3] describes kinematic model
optimization and self-collision detection technology for
a mobile manipulator, [4] considers various methods
of kinematic modeling of robotic manipulators,
[5] describes the basic principles of creating a kinematic
model of a manipulator, [6] describes the design,
modeling, and kinematics analysis of a modular cable
manipulator, [7] is an overview of modern procedures
of kinematic design of manipulators, [8] describes
the modeling and control of a six-domed robotic
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manipulator, [9] shows analysis of the work space of
a four-house robotic manipulator, [10-11] describes the
kinematic modeling of a robot.

In modern manufacturing environments, industrial
robots play a pivotal role in various tasks, including:

— assembly: robots can precisely assemble
components, ensuring consistent quality and reducing
human error;

— material handling: they efficiently move materials
within production lines, warehouses, and logistics centers;

— packaging: robots automate packaging processes,
improving speed and accuracy;

— welding and cutting: ABB robots excel in
welding and cutting applications, enhancing productivity.

ABB, a leading manufacturer of industrial robots, has
significantly transformed production across industries [12]:

— productivity: ABB robots work tirelessly, leading
to increased output and reduced cycle times;

— quality: their precision ensures consistent product
quality, minimizing defects;

— safety: by handling hazardous tasks, robots
enhance workplace safety for human workers;

— flexibility: ABB robots adapt to changing
production conditions, allowing rapid adjustments.

ABB’s manipulative robots owe their capabilities
to cutting-edge technologies and use sensors.
These devices provide critical information about the
robot’s environment. For instance:

— position sensors: determine the robot’s location
and orientation;

— force/torque sensors: enable delicate handling
of objects;

— vision sensors: allow robots to recognize and
manipulate items accurately.

Artificial Intelligence (Al) application in robotics are:

— ABB robots leverage Al algorithms for real-time
decision-making;

— they learn from experience, adapting to varying
conditions;

— Al-driven path planning
movement and collision avoidance.

D. Raina and S. K. Saha rightly emphasizes that
robots empower manufacturers to respond swiftly to
market demands while maintaining high-quality
standards. As sensor technologies and Al continue to
evolve, manipulative robots will play an even more
crucial role in shaping the future of manufacturing [13].

ensures efficient

There are the various methods of controlling robots:

a) uncontrolled method: in this method, the working
body of the machine is set in motion without any specific
control. It operates freely based on its inherent dynamics.
Examples include simple mechanical systems like
pendulums or spinning tops.

b) controlled method: controlled robots have a more
deliberate approach to motion. These controlled robots
are commonly used in industrial applications, where
precise movement is essential. Here are two variations:

—constant speed control: the driven working
body operates at a fixed speed.

—variable speed control: the robot adjusts its
speed based on the task requirements.

¢) program-controlled method: in program-
controlled robots, an external program specifies the
robot’s actions. The program defines the sequence of
movements, positions, and tasks. These robots follow
a predetermined set of instructions, making them suitable
for repetitive tasks.

d) follower method: follower robots automatically
track a reference signal (usually from an external source).
They maintain a certain accuracy in replicating the
movement of the reference signal. Examples include
robotic arms following a conveyor belt or a moving
assembly line.

e) adaptive method: adaptive robots dynamically
adjust their parameters based on changing operating
conditions. These parameters might include speed, force,
or other control variables. Adaptive control ensures optimal
performance even when the environment or task changes.

The use of software-controlled methods in robotics
is indeed crucial for achieving accuracy, flexibility,
automation, and seamless integration within production
processes.

The importance of software-controlled methods
can be determined in such abilities:

—accuracy: software-controlled robots can precisely
execute predefined tasks, ensuring consistent results.
Whether it’s assembling components or handling materials,
accuracy is vital;

— flexibility: software-based control allows robots to
adapt to changing conditions. You can reprogram them

easily for different tasks without major hardware
modifications;
—automation: by automating repetitive tasks,

software-controlled robots free up human resources and
improve overall efficiency;
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— integration: seamless integration with existing
systems streamlines production workflows.

But there are several challenges with robotic
integration in modern manufacturing:

—not all robots fit seamlessly into established
processes.

—this integration often requires additional resources,
energy, and time. Customization becomes essential.

—the market for flexible robotic solutions can be
narrow, but it’s essential to find systems that align with
specific production needs.

ABB RobotStudio is a powerful platform for offline
programming, simulation, and optimization of robots.
The key features of this program are:

— offline programming: users can create and test
robotics programs on a computer without interrupting
production. Direct communication with real robots allows
efficient program development.

—3D visualization and simulation: RobotStudio
provides high-quality 3D visualization. Users can see how
robots will perform tasks, identify issues, and make
corrections before actual production. This virtual testing
minimizes risks and ensures smoother implementation.

—trajectory optimization: determining efficient
movement routes is critical for productivity. RobotStudio
helps optimize robot paths, reducing task completion
time. Especially valuable in complex processes where
every second matters.

—virtual tools and sensors: virtual sensors and
grippers allow realistic simulation. Online controllers
visualize the robot’s behavior without physical
components. Debugging and fine-tuning become easier.

— AR visualization and integration: augmented
reality (AR) models aid in accurate integration. Elements
can be virtually projected and adjusted for seamless
process alignment.

ABB RobotStudio empowers users to create, test,
and enhance robotics programs efficiently. It’s a valuable
tool for achieving precision, safety, and productivity
in robotic operations.

2. Software and robot model justification
for further development

ABB Robotics is renowned for its cutting-edge
robotics and machine automation systems. As a leading
supplier, ABB offers a comprehensive and integrated
portfolio that covers a wide range of applications, including
robots, autonomous mobile robots (AMRs), and machine

automation solutions. These systems are meticulously
designed and orchestrated through specialized software.
ABB’s software allows precise adjustments to the
specific operating
ensures  optimal

robot’s behavior based on the
environment.  This  adaptability
performance and safety.

By simulating the robot’s behavior virtually,
developers can fine-tune parameters without physically
interacting with the robot. This minimizes risks during
experimentation and system improvement [14].

Developers can create experimental scenarios within
the virtual environment provided by ABB’s software.

This approach enables them to explore the robot’s
capabilities, test control strategies, and evaluate
performance without affecting the physical robot.

The ability to conduct experiments without direct
interference allows for iterative development.

As the system evolves, developers can refine algorithms,
optimize settings, and enhance performance seamlessly.

RobotStudio is ABB’s powerful software tool for
offline robot simulation. It offers:

— offline programming and simulation;

— training and optimization;

— integration with real models.

RobotStudio allows integration with any ABB robot
model available in real time. For analysis, were chosen the
smallest initial models: IRB 1090, IRB 1100, and IRB 1200.

Examining the IRB 1200 robot model, we can
highlight several key features. Firstly, this robot is
versatile and can handle a wide range of applications.
Additionally, it can be installed at various angles.
The design also incorporates safety considerations for
working with food products. Notably, the IRB 1200 lacks
a second axis displacement, resulting in a longer stroke
compared to other small robots. This design choice allows
the robot to be positioned closer to products, leading to
a more compact installation.

Fig. 1 illustrates the robot’s working range,
revealing that it is fully reversible along both the x-axis
and z-axis (with some exceptions in specific zones of axis
change or rotation) and table 1 shows robot features.

When developing a robot [15], careful consideration
of its future application environment is crucial, as it
directly impacts its overall form. Decisions about the
robot’s purpose should be made early in the design
process. Based on this defined framework, structural
elements can be added as needed. Therefore, thorough
material research and practical exploration of the main
components are essential.
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3. The calculation part
of the manipulation robot main components
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Fig 1. The working range of the IRB 1200 robot
Table 1. Features of ABB IRB 1200
Features\name IRB 1200
Dimensions of the robot 210*%210 mm
The weight of the robot 52 kg
Weightlifting capability 5-7 kg
The maximum achievable distance 0.7m
Maximum operating speed of 1 kg of girth cargo 04s
Number of articulations 6

Rotational element

The important points of our calculations will be the
detection of systematic integrity and feasibility of using
the chosen system. In the future, we will consider the
necessary indicators and accordingly calculate the
elements necessary for us for a general understanding of
the principles of application of the object according
to the indicators [16].

Let's start with the planned schematic display of the
robot and the design of the coordinates of the direction
of each functional element. As we can see in fig. 2,
6 articulations and their 5 fixed translations were defined.
The construction of coordinates and reversible processes
will be based on the kinematic dependence of the robot,
respectively, which was depicted in fig. 3. Articulations
and elongations that were equal were also depicted
in the drawings:

d, =399, a, =350, a, =42, d, =351, d, =82
q, (+170/-170), q, (+135/-100), q,(+70/-200),
q, (+270/-270), q, (+130/-130), g, (+360/-360)

Immovable elongations

Active elongations

Moving element

gl Articulations

Manipulative limb

Fig 2. Schematic representation of robot kinematics

Having analyzed the parameters depicted in the
design drawings, we can reproduce the table of robot
features as one of the options for practice for calculating
direct kinematics, considering the Denavit-Hartenberg
(DH) parameters of the IRB 1200 robot model.
The results were entered into the table. 2 and on figure 3.

In the future, we will determine the indicators of
forward and reverse kinematics in accordance with the

given table. Adhering to the rules of calculation of
elements defined by us. Matrix transformations for direct
kinematics can be obtained as follows [17]:

Cq, -SqCe; SqCe ¢,Cq;
ap_|S4 CaCa CaSa aSq |

0 Se, Cq, d,

0 0 0 1
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Immaovable elongations

Active elongations

g1 Articulations

Fig. 3. Schematic representation of robot kinematics

Table 2. Denavit-Hartenberg parameter of IRB 1200 robot Matrices  of  transformations  (articulations)

o (degrees) | d (mm) | @ (mm) q (degress) are presented below:
1 -90 d, 0 a,
c, 0 -5 O
2 0 0 a, g, - 90
. |S 0 C O
3 -90 0 ay 0, I = 0 -1 0 d
4 +90 d, 0 a, 00 o0 1
5 -90 0 0 0s 'S, C, 0 as,
6 0 dg 0 g, —180 o C, S, 0 -aC,
. . o 0 1 o0
In the Denavit-Hartenberg (DH) convention for
robotic kinematics, C and S are shorthand notations :0 0 0 1
for cosine and sine functions, respectively. C, 0 -5 aC
Specifically: op S 0 G ass,
— C represents cos(0), where 0 is the joint angle. : 0 -1 0 0
— S represents sin(0), where 8 is the joint angle. 0O 0 0 1
Following the given formula, we derive the C, 00s, 0 @)
transformation matrix for each of the defined S 0 -C. 0
articulations. Having received the results for each of the T = 04 1 04 d w
articulations, we calculate the general matrix T, which ‘
indicates the location of the system associated with :0 0 0 1
the end of the robot relative to the frame of reference G 0 -5 0
of the robot base, which informs us about the exact ap S 0 G0
position according to direct kinematics. The formula ° 0 -1 0 O
of the general position is as follows: |10 0 0 1
n. 0o, a Py -C, S, 0 0
_ O Iy 27 37 4 N 9% & P s -5, -C, 0 0
T=T T = n o a p, ) ol = 0 0 1 4,
0 0 0 1 0 0O 0 1
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The preceding equations represent the position
(px, py, pz) and orientation (n,0,a) values of the end

of the robot as a function of the joint coordinates q .

= (Ss(S:(C.C,8,+CC:8,)-C,8,)-C,

(C (8,8, +C, (CC,C, +C,CsS, )+,

The main equations for the general matrix T
calculations are presented below:

(Clczcz _ClsZS3 )))

n, = (s6 (S4(C,8,8,+C;8,8,)+C.C, ) ~Cy (C5 (C. (C,8,8, +C;8,8, ) ~C,S, )+ 85 (C,C,8, .S, )))
n, =-C4(S5(C,S; —C;S,)—C,Cy (S,8; +C,Cy ) )~ S84 (5,8, +C,C; )

0, =C4(S,(CC,8, +C,C;S,)-C,S, )~ S, (C5 (8,8, +C,(C,C,8;+C,C,S,))+S,(C,C,C, -C,C,S, ))
0, =C4(S4(C,8,8,+C,S,S, )+ C,C, )~ S5 (C5 (C, (C,8,8, +C;8,5,) ~C.S, +54 (C,C.8, —S,,55)))

0, ==54(S5(C,8;—C;8,)—C,C;s (8,8, +C,C; ) )~ G484 (5,8, +C,C; )
a, =C,(C,C,C,-C,S,8,)-5(5,S, +C, (C,C,; +C,C;$,))

a, =C;(C,C,8,-5,5,5,)-S:(C, (C,$,8, +C,S,S,)-CS,)
a, =C4(C,S,-C,S,)+C,S4(S,S, +C,C;)

4)

p, =Cia,S, + 05 (C(C,C,C, ~C,8,8,) -5, (8,8, +C, (C,C,8, ~C,C;S, )+, (CC,C; ~C,S,8;) +C.CraC, +C,S,a,C,

p, =5,,S, +d; (cs (C,C,S,-S,S,5;)-S5(C, (C,8,8,+C,S;S,)-C,S
S,a,C, +d, (cs (C,S,-C,S,)+C,S5(S,S; +c2c3))

p, =a,C, +d, -C,a,C, +d, (C,S,-C.S, ) -

Next, we will consider inverse kinematics. T, adjust

the position and orientation of the final mechanism of the
robot, to reach the target object, it is most necessary to
find the value of inverse kinematics. For a given position
of the end effector, the connection angles that move the
end effector to the specified position are determined by
the inverse kinematic model. In other words, given the

given [T as sixteen numerical values, the inverse kinematic

solution is the corresponding articulations q,, d,, d;, d,,

0s, g . In the future, the kinematic solution is considered

purely algebraically from direct kinematic equations:
p, = p,—d.a, =CC,d, +a,CS,, +Ca,S,
p, = P, —dqa, = S5,Cpd, +2,5,S,; +5,3,S,
o S,(Cyd, +2;,5,, +a,S,)

px Cl (C23d4 + a31823 + aZSZ)

®)

We will also try to display the exact center of the
robot, considering its exact coordinates, which are
displayed in the description of the robot. Finding the
center of the robot will help us find out the parameters by
which we will be able to orient ourselves on how to better
place the points of support and movement. In this way,
the robot will be balanced and able to support the
maximum weight, with which the small robot will be
able to move a weight that is competitive enough and
receptive enough for small productions or productions
with light materials and short reach. Such a robot can be

+))+d,(C,C;8,-88,8,)+C,8,a,C, +5,5,a,C,

aimed at automation processes with fast production and
low economic capacity. Highly recommended for private
businesses with a small volume of work for full
automation and easier control.

So, to work out the calculations, we will set the
following data:

— d,; =290 mm, d, =302 mm, d, =72 mm;

- a,=360 mm, @, =70 mm;

- 0 =10,=0,=0,=0=0;=0.
n o, a p,
T Ny 0 & Byl g
n, o, a p,
0 0 0 1
CS, S CC, aCS,+aCSs,
OT 1T T _ S 823 _Cl SlCZ3 3381323 + azslsz
O _823 a‘3C23 + a‘ZCZ + d1
0 0 1
- 3 (6)
o o 1

R —RT P
T=| 0 1

C1823 S1323 C23 —a; - azcs - d1C23
oyl _ S1 _Cl 0 0

’ CCyx SCp Sy a,5; +d,S;

0 0 0 1
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Setting g indicators to 0 was because we estimate
the position of the robot in the initial coordinates
with zero values, which directly affects the accurate
calculation of all positions and the middle of the robot's
support. Based on this, we will receive an updated
DH table (table 3) with exact coordinates and data
that will help us for current calculations.

In the future, we will make calculations following
first the calculations of each link in the coordinate system
of the robot base, and later the calculation of the final
position using the transformation matrices for each link.

As a result of the final coordinates, we will calculate
the final coordinates of the position of the robot and its
average coordinates. To do this, multiply the matrices
step by step:

And calculate the multiplication of the result by A, :

0 0 1 58
-1 0 0 -70
(A-A)-A)-A)A=| 5 0 ee| @2
0 00 1
Then by 4;:
0 0 1 130
-1 0 0 -70
((((A-A)-A)-A)-A ) A= 5 7 o] @)
0 00 1

As a result, we considered the issue of forward
and inverse kinematics using the parameters of the DX
and differential Jacobian matrix. The results were
described through a matrix value and expressed
as exact coordinates of the position of the robot's limbs
and body. The display of the position in the robot zone
gives us conclusions about the correctness of the
calculations and the fidelity of the construction of the
robot. Thus, we can continue to implement our work
and analyze its performance.

4. Practical implementation
of kinematic model calculated parameters

T=AAA-A-A-A @
Table 3. DX parameters of the IRB 1200 robot model
a (degrees) | d (mm) | a (mm) | q (degrees)
1 -90 290 0 0
2 0 0 360 0-90
3 -90 0 70 0
4 +90 302 0 0
5 —90 0 0 0
6 0 72 0 0-180
Let's calculate matrix multiplication 4, :
100 O 0 1 0 360
0 0 0 -1 00 O
A)A = = 8
(A‘AZ)Ai001290A2 0010()
000 1 0 00 1
0 1 0 360
-1 00 O
A = 9
Ak 0 0 1 290 ®)
0 00 1
Let's calculate the multiplication of the result by A, :
0 0 1 360]
-1 0 0 -70
CA)A = 10
(AA)A=l 0 1 o 200 (10)
0 0 0 1|
Calculate the multiplication of the result by A, :
0 1 0 58]
-1 0 0 70
A)-A)A = 11
(A-A)-A)-A=| 7 0 00 (11)
0 00 1|

As described earlier, our goal will be precisely to fit
the robot into an already existing virtual production
environment. For this, we need to display the standard
process of supplying the element — plastic containers to the
production area. Suppose that we have a production process
for medicines that require separate processing before
moving to the production line [18]. Pre-delivery was done
by unloading the food machine by worker A, moving the
product respectively to two conveyors for pre-treatment,
corresponding to the colors of the product and appropriate
disinfection with solutions. Worker B created the movement
of already processed products on the line.

As we can see, the system works well except that
worker B encounters already processed products, thus
putting himself and, accordingly, the products at risk,
thus it would be much more efficient in this situation to
automate the very process of moving the processed
products to production line. Based on this, let's assume
that this system contains [19]:

— three conveyor belts;

— blocks with disinfection treatment of elements
(function separately);

— pink plastic boxes;

— blue plastic boxes.
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As a result, we can shape the system in our opinion
so that it looks expedient and comprehensively formed.
The result is shown in Fig. 4.

Having formed the initial production system, further
automation of this process should be broken down into
logical points of reproduction. Accordingly, we will
receive a plan for implementing a manipulator robot
under the appropriate system:

— we form manipulative limbs of the robot,
according to the existing plastic containers, program them
as an active tool for interaction;

— we install the robot in the production system
and adjust the limits of interaction accordingly, attach
the limbs;

— we install sensors to control conveyor tracks;

— we install sensors for manipulative limbs;

— we program the movement of parts and the
interaction of the manipulator with them;

— we program the sequence of the process, allocate
time management and check how the system functions.

First, we will form a limb for the robot, which will
accordingly be built based on the previously formed box.
The manipulative limb will be due to the minimum
number of parts to simplify the work of the robot.
For the light weight of the parts, we will make notches in
the middle parts for better interaction, reducing friction
and better endurance of the boxes by changing the load
on the end blocks. The results are shown in fig. 5.

s

Fig. 5. Design of manipulative limbs
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In addition, we will evaluate the size of the box and
the robot's manipulative limb for further analysis of the
robot's endurance.

The dimensions of the box are equal:

—width: 200 mm;

—height: 150 mm;

— length: 200 mm.

Thus, for the girth of the box, the manipulative limb
must adjust to the box itself.

Regarding the estimation of the weight of the box,
considering the dimensions and content of the filling —
nutritious herbs, the box will not exceed 3 kilograms,
since, considering the material of the box — plastic, the
weight will be approximately 1.5-2 kilograms.
Considering the herbs that will, let's say, fill the box
by one third, and add a maximum of 1-1.5 kilograms
to the permissible weight, the total weight will not
exceed 3 kilograms.

Considering the parameters of the robot, the maximum
possible value of lifting materials is 7 kilograms, thus we
will be able to calculate the maximum permissible lifting
weight by calculating the force [20].

en , 00mm

[1,5% 0,21 99,99]

| [1
1@, 00mm
[ 29,99 @,38 @,48]

Fig. 6. Calculation details of the manipulated limb

Adjusting the robot IRB 1200_5 90 _STD_03 and
the controller IRB1200_5 90 into the already existing
process, we put it on a stand, setting a larger radius of
interaction with conveyors (Fig. 7). Which will be equal
as a result:

— width: 500 mm;

— length: 500 mm;

— height: 600 mm.

Fig. 7. Placing the robot in the system

Such parameters for the stand were set according
to the height of the conveyor belt itself, which reaches
750 mm. Considering the statistical stand of the robot,
the final height of the robot is compensated and as
a result is equal to the optimal placement of the robot
in space. We attach the manipulative limb, respectively,
and set the interaction parameters, obtaining a finished
model of the robot (Fig. 8).

Next, we will specify step-by-step methods of
operating conveyors. In this work, | will use one of the

solutions of Robot Studio -

new functional
SmartComponent, which allows us to adjust functional
objects quickly and efficiently. SmartComponent is
one of the key functions in the RobotStudio software,
which is used to simulate, program, and optimize
the operation of ABB industrial robots. This feature

allows users to create modular, multi-functional
components that can be easily integrated into
virtual environments to improve simulation accuracy
and efficiency.
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The overall conveyor system will consist of
a sensor [21, 22], a linear motor, and an object rendering
element. But the conveyor of the final line will consist
only of a mover and a sensor that will move exactly
the object placed on the conveyor (Fig. 9-11).

Next, we set the input and output signals for the
reproduction of the process, form a block diagram
of the interaction of the robot with objects (Fig. 12),
form the code for successive movements and adjust the
playback time.

Fig. 8. The final appearance of the robot model

Properties
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@ Source_2
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Fig. 9. Conveyor for processing pink boxes
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Fig. 10. Conveyor for processing blue boxes
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Fig. 12. Scheme of robot interaction with objects

Input signals are used to receive information
from various devices and sensors. They provide feedback,
which is necessary for making decisions and
adjusting robot actions, as well as output signals.
Thus, it is important for us to specify input and output
signals for sensors and controlled movement routes.
To facilitate the perception of the presented signals,
it is important to clarify that most of the presented
signals are formed due to automated sensor and
circuit reconstruction links.

Circuits, in turn, only have an input, which is used
to regulate the start and end of work, without executing
the complete system, you can always separate individual
elements of these circuits, and try to run them
independently, if the system requires it.

Thus, when reproducing the assembled system,
everything functions according to the idea of operation,
the movement is carried out by common detectors with
the control of switching the time of delivery of objects
for processing by the robot and the time of movement
of the conveyor final belt, thus, the system is not reloaded
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and supplies objects evenly for
of goods (Fig. 13).

The rearrangement of objects takes place due to
automated processes, but it is important to emphasize
that the passage of boxes onto the conveyors itself occurs
through mechanical interventions, these processes can be
synchronized, but during the processing of the project
it was found that the best method would be to have
a controlled element that would help accordingly in
working out the system [23, 24].

As we can see, the robot performs successive steps
and adapts well to the production process itself.
The integration of a manipulator robot into a production
system requires careful planning and the sequential
execution of a few steps.

From the development of manipulative limbs to the
programming of processes and the installation of sensors,
each step is critical to ensure the efficient and safe
operation of the system. By following all these steps,
you can achieve high accuracy and productivity of
an automated production system.

further processing
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Fig. 13. Examples of robot work

Conclusions

This work can be developed using physical
development capabilities and successive implementation
into a functional system using a physical model control
panel with a reproduced model of manipulative limbs.
Also, including the control panel in the system, it will be
possible to adjust the position of the robot at any point
in the automated production.

The manipulative element created can be transferred
to 3D printing or additive manufacturing to translate the
physical model into production. So, in general, the project
has room for development and future implementation,
given the minimal economic burden and great opportunities
to save money in a long period of time, can be used by
anyone and improved, adapted to the respective projects,
using the step-by-step tasks of this work.

The developed model and software module for the
adaptive execution of the production process as part of
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PO3POBJIEHHA KIHEMATUYHOI MOJEJII MAHIITYJISATOPA
HA BA3I ABB ROBOT STUDIO

IIpenvMeToM OCHIXKEHHS B CTATTI € 3aCTOCYBAHHS TEXHOJIOTii Ta alrOPUTMIB KepyBaHHs], MOOYAOBU TPAEKTOPIi
pyxiB 1 B3aemoii 3 BUpoOHHYNM cepemoBuiiieM Ha 6asi Abb Robot Studio. Mera po6oTn — cUMyJISAIis KiHEMaTHIHOT
MOJZIeNi MaHIMyJsITopa, 10 Aa€ 3MOry e(eKTHBHO BHKOHYBaTH Mii B PEalbHOMY dYaci, 3aCTOCOBYIOUH MPOBEJCHI
MaTeMaTH4HI PO3paxyHKH Ta Tporpamue 3abesmeuenns Abb Robot Studio. ¥V crarri HeoOXimHO BHKOHATH Taki
3aBJaHHS. POAHAJTI3yBaTH CYYacHUI CTaH 1HTerpallii MaHiMyJIATOpiB y BUPOOHHYI Ipouecy; oOpaTu i oO0rpyHTyBaTH
wiathopMy po3poOJIeHHS Ta MOZAENs PoOOTa; 3alpPONOHYBATH KiHEMAaTHYHY MOJENb Ta CIPOEKTYBAaTH W HAMMCATH
nporpaMHe 3a0e3nedeHHs Uil KepyBaHHS MaHIMyJISTOpaMHd HA OCHOBI MPOBEACHHX MATEMATHYHUX PO3PAXYHKIB.
Bukopucrani MeTroau: MaTeMaTHYHMHA aHAJi3 1 Teopis aBTOMATHYHOTO KEpPYBAaHHS IJIS MOJCTIOBAaHHA DPOOOTH
MPOMHKCIIOBOTO PO0OTa; MOJCTIOBAaHHS — JUIsS TEPEBIpKH POOOTH MOENi MPOMHCIOBOrO podoTa B CEpeOBHIII
Abb Robot Studio. TocsarayTo Takux pe3yJbTaTiB: NpOaHATi30BAHO CYyYacHHH CTaH IHTETpaIlii MaHiMyIsAToOpiB
y BHpOOHHUUI mporecH, 30kpema B emoxy Industry 4.0; obpano Ta oOrpyHTOBaHO MOJENh MAaHINYIALIHHOTO poboTa,
IO 33J0BOJIBHSAE IPOBEACHI MaTeMaTH4HI PO3paxyHKH; 3alpONOHOBAHO KIiHEMAaTHYHYy MOJENb Ta HPOBENCHO ii
MPOEKTYBaHHS; PO3POOJICHO MporpaMHe 3a0e3MeueHHsT Ul KepyBaHHS MaHIMyJsITOpaMH Ha OCHOBI MPOBEACHHX
MaTeMaTHYHUX PO3paxyHKiB. BHCHOBKH: po3poOiieHa Momenb 1 MporpaMHHHA MOIYNb JUIS aJanTHBHOTO BUKOHAHHS
BUPOOHHUYOTO IpOIleCy B CKJIajl BipTyaibHOi Mozeni podora ABB IRB 1200, mo nae 3Mory miIBHIIMTH €(EKTHBHICTH
BHPOOHWYOTO TMPOIecy, 3MEHITUTH Yac IPOCTOI0 Ta TOKPAIIUTH SKICTh NPOAyKimii. ONTHUMI3aImis TpaeKTopii
Ta yMpaBIiHHS KOMI3isIMH YMOXJIMBUITH 3HIKCHHSI BUTPAT HA OOCIYrOBYyBaHHS Ta EKCILTyaTallif0 po0OOTa, [0 MPHBENIO
IO 3arajJbHOTO 3HIDKECHHS BHPOOHHWYMX BHTPAT, SKI TAKO)XK MaTHMyThb MiCIle 38 YMOBH TPHBAJIOIO BHKOPHCTAHHS.
Po3pobnennii nporpaMHuii MOAYJb Jae 3MOry POOOTY MIBHIKO aJalTyBaTHCA JO 3MiH Y BHPOOHHYOMY MpOIIECI,
110 3a0e31edye BUCOKY THYYKICTh 1 MOXKIIMBICTD OTIEPaTUBHOTO TIEpEHAIAIITYBAaHH 111l HOBi 3aBIaHHS.

Keywords: Industry 4.0; Abb Robot Studio; wmawninmynstop; po6GoT; BHPOOHMIITBO; KiHEMaTHYHA MOJIEIb;
MaTeMaTHIHI pO3PaxyHKH.
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