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DESIGN OF THE STRUCTURE AND MOTION CONTROL SYSTEM
OF A STATIONARY ROBOT MANIPULATOR FOR CONSTRUCTION WORK

Abstract. The article presents the results of a comprehensive study dedicated to the development
of a stationary robotic manipulator (palletizer) for performing technological operations in
the construction industry. The work presents an integrated approach to designing a stationary robotic
manipulator, encompassing its structural, hardware, and software aspects. A structural diagram
of the automated control system has been developed, which establishes functional connections between
the controller, feedback sensors, actuators, and the database for storing operational parameters. This
diagram outlines the architecture of the robot’s key components, providing a conceptual framework
for implementing the system. A comparative analysis of modern software environments for three-
dimensional modeling, including Blender, SolidWorks, and Autodesk 3ds Max, has been conducted
based on criteria such as accessibility, functionality, testing capabilities, ease of learning, and support
for engineering formats. Based on the analysis results, the choice of the Blender platform as the
optimal tool is justified, as it provides the best balance between accessibility, visualization capabilities,
and manipulator kinematics animation. The modeling methodology is described in detail, including
the stages of planning, creating basic geometric primitives, detailed modeling using various tools, and
the Mirror, Subdivision Surface, and Boolean modifiers for geometry optimization, as well as creating
a skeletal framework to simulate the robot’s movements. A fully functional three-dimensional model
of a stationary palletizing robot manipulator has been created, which reproduces its structural
features, spatial arrangement of components, and kinematic capabilities. The model allows for the
visualization of the movement trajectories of individual manipulator segments and the verification
of the design’s functionality in a virtual environment before the physical manufacturing stage.
The hardware part of the system was implemented using the Autodesk Tinkercad platform, which
allowed for virtual modeling of the electronic circuit connections of components without the need
for physical devices. Software has been implemented based on the Arduino microcontroller using the
Servo.h library to control servomotors through pulse-width modulation. The practical significance
of the obtained results lies in the creation of a functional prototype of a stationary palletizing robot
control system, which can be used for educational purposes, demonstrating the principles of robotics
in construction, and for further modification. The obtained results provide a basis for expanding
the system’s functionality through the integration of additional sensors for automatic object position
detection, implementation of autonomous trajectory control algorithms, development of wireless
control interfaces, and adaptation of the design for specific construction operations involving
the palletization of materials at construction sites.

Key words: construction, stationary, robot manipulator, robotics in construction, motion
control system, 3D model, Blender, Tinkercad.
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Problemstatement. The modern construction
industry requires the implementation of
innovative technologies aimed at increasing
efficiency, accuracy, and safety in work execution.
Traditional construction methods, which
involve a significant share of manual labor, are
characterized by low productivity, high labor
costs, and the risk of worker injuries. In this
regard, the use of robotic systems capable of
automating monotonous, dangerous, or high-
precision operations is relevant [1-2].

Special attention is deserved by stationary
robotic manipulators (SRMs) for construction
work, which can perform functions such as
handling materials, moving structural elements,
applying mortars, or carrying out welding
operations. However, the main challenges in
creating such robots are ensuring the reliability
of the design, positioning accuracy, stability of
manipulator movements, as well as integrating
the hardware and software components for real-
time motion control.

To date, there are no standardized approaches
todesigning SRMsforconstructionwork thattake
into account the peculiarities of the construction
environment — variable loads, vibrations, dust
exposure, temperature fluctuations, and so on.
At the same time, it is important to be able to
model the structure and test its functionality
in a virtual environment before the stage of
physical production. Thus, there is a need to
create an integrated model of a stationary robot
for construction work that combines optimal
design solutions with an effective motion control
system. Solving this problem involves developing
a 3D model of the robot with the capability to
simulate its actions, as well as creating software
that ensures interaction between the controller,
sensors, and actuators.

Thus, the mainscientific and technical problem
lies in designing the structure and control
system of a stationary robot, which will allow
the automation of certain stages of construction
processes, increase their productivity, and
reduce the human factor in hazardous working
conditions.

Analysis of recent studies. Analysis of
scientific research in recent years indicates a
growing focus on the implementation of robotic
systems in the construction industry. This is
driven by the need to increase productivity,
accuracy, and safety in production processes.

Yes, in works [3, 4], a review and analysis of
the use of various robots in construction was

38

conducted with the aim of improving efficiency,
accuracy, and safety of work performance.
In particular, areas of their application were
considered — from performing hazardous
and routine tasks (dismantling, inspection,
maintenance of buildings and structures) to
carrying out specialized operations. Different
types of robotic systems are described: remotely
controlled manipulatorrobots, drones, unmanned
ground vehicles, climbing robots, cable robots,
and microrobots.

It has been found that after 2015, interest
in construction robots sharply increased, and
their designs evolved into compact and mobile
platforms [4]. In the context of construction,
researchers’ main efforts are focused on stationary
[5] and mobile robots [6]. Today, mobility is an
important and key task for various construction
activities, such as loading and unloading
operations and site cleaning, among others.

Recent research trends focus on the
integration of artificial intelligence systems
[7,8], computer vision [9], and Internet of Things
(IoT) technologies to enhance the autonomy and
adaptability of construction robots [10]. Such
solutions enable automatic trajectory planning,
object recognition on construction sites, and
real-time quality control of completed work.

At the same time, a number of unresolved
issues remain, including the high cost of
robotic systems, the difficulty of adapting to
unpredictable construction site conditions, and
the need for standardization and safe interaction
between robots and workers [11, 12]. Thus,
current research indicates an active development
of robotic systems in construction, aimed at
increasing autonomy, accuracy, and work safety.
Further scientific studies focus on creating
intelligent, energy-efficient, and versatile
robots capable of functioning effectively in the
dynamic conditions of construction production.
Therefore, the need to develop an efficient design
and control system for a stationary robot to
perform construction tasks remains relevant.

The purpose of the study is the development
of a three-dimensional model of a stationary
robotic manipulator for construction work
and its motion control system, including the
hardware scheme and software, which will allow
the automation of certain stages of construction
processes and reduce the human factor in
hazardous working conditions.

Research  results.  Automation  of
technological processes is one of the key factors
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Fig. 1. Structural diagram of the automated control system of SRMs for construction work

in increasing efficiency and competitiveness in
modern production [13-16]. The contemporary
construction industry develops through intensive
implementation of innovations, particularly
via process automation [17]. An important
vector of this transformation is the creation
and application of SRMs for performing various
operations at construction sites. Designing
the structure of SRMs is a crucial stage in
ensuring its functionality and productivity at
the construction site. Key criteria in this process
include stability, maneuverability, load capacity,
and safety. To achieve optimal characteristics,
it is planned to integrate advanced engineering
solutions. Special significance is given to the
development of a motion control system, which
is key to effective operation.

The structural features of SRMs for
construction work are determined by their
functional purpose and the specifics of the
construction operations performed. To begin
with, we present a structural diagram of an
automated control system for a stationary
robot in construction, where the main hardware
components and their functional relationships
are shown (Fig. 1).

The diagram (Fig. 1) shows the main
components of the SRM control system and
their interconnections. The controller generates
control commands for the actuators through
the communication network, while the sensors
provide feedback and transmit measurement
data to the database. The effector, clutch, and
segments perform executable functions during
construction operations, and the database
serves as the central information repository for
processing and analyzing system performance
parameters. For the detailed development of the
robot’s design, taking into account all depicted

components and their spatial arrangement,
it is necessary to select an appropriate design
software environment.

During the conducted study, a comparison
of development environments was carried out,
presented in Table 1. Therefore, we justify the
choice of the environment that is most suitable
for the development of a 3D model.

Table 1. Comparison of the development
environment for a 3D model of a stationary
construction robot

'&V}
. g § ﬁ
Characterization -qé % E =

2 3| B8

R Nl <
Program accessibility 113 3
Functionality 2 1] 2
Support for all platforms 1|1 1
Better in animation 113 1
Ability to conduct testing 311 2
(strength, load, kinematics)
Ease of learning 212 3
Support for engineering file 211 2
formats for robot design

Note: 1 — best, 2 — average, 3 — worst.

Based on a comparative analysis of 3D
model development environments for SRMs for
construction work (Table 1), Blender was chosen.
Although the program is inferior to specialized
CAD systems in performing engineering
calculations, it offers high accessibility,
versatility, ease of visualizing and animating
robot movements, and supports the main 3D
model formats necessary for further integration
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into the control system. This makes Blender an
optimal choice for creating a visual model and
simulating SRM operations at the design stage.

So, the Blender environment was used for
modeling, as it is better than other approaches
for project development.

Let’s describe the process of modeling SRMs
for construction work:

1. Planning. Before starting the modeling,
the overall concept of the object was defined —
its shape, proportions, and structural features.
At this stage, basic sketches and ideas about
the appearance and structure of the model were
created (Fig. 2), which served as the foundation
for further work.

2. Creating primitives. Blender allows objects
to be formed based on basic geometric elements —
cubes, spheres, cylinders, etc. These primitives
were used to build the main components of the
model and determine the general proportions of
the structure.

3. Detailed Modeling. At this stage, the shape
and geometry of the object were refined. Edges,
faces, and vertices were added to create more
complex elements. Tools such as Extrude, Loop
Cut, Bridge Edge Loops, and others were used,
allowing the creation of a detailed and realistic
model (Fig. 2).

4.  Application of Modifiers. Built-in
Blender modifiers were used to optimize the
modeling process, including Mirror (mirroring),

Subdivision ~ Surface  (surface smoothing,
resolution enhancement), and Boolean (union
and subtraction operations of objects). This
allowed for increased accuracy and symmetry of
the model.

5. Rigging and Animation. To enable control
over the robot’s movements, a skeletal rig was
added to the model. This made it possible to create
various types of animations — segment movements,
rotations, deformations, and more. Blender has
advanced rigging and animation tools that allow
modeling the robot manipulator’s movements and
checking its kinematics in motion.

During the design process, a three-
dimensional model of a stationary manipulator
robot was created, reflecting its structural
features, component interactions, and possible
movements. However, to ensure the full
functioning of the system, it is necessary to
develop the software part, which implements
motion control algorithms, interaction with
sensors, and actuators. The efficiency and
flexibility of the software largely depend on the
choice of the development environment, which
should provide convenient integration with the
hardware, support for the necessary libraries,
and data exchange protocols. Thus, for the
development of the software part, the Autodesk
Tinkercad environment was chosen — a free
online platform for 3D modeling and electronic
circuit design, created by Autodesk (USA).

Fig. 2. Developed 3D model of the SRMs of the palletizer
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The main reason for choosing Autodesk
Tinkercad is its convenience, accessibility, and
extensive capabilities for integrating the hardware
and software parts of the system. Tinkercad
provides the user with an extensive component
library, including Arduino controllers, sensors, and
actuators, allowing the modeling of real electronic
circuits without the need for physical devices.
The built-in simulator ensures the verification
of correct connections, program performance
analysis, and detection of possible errors during
the design stage. Additionally, the environment
supports writing code directly in the browser,
which simplifies debugging control algorithms for
robot movements and interacting with sensors.
The simple interface and the ability to visually
verify circuit operation make Tinkercad an
optimal choice for developing the software part of
a stationary construction robot. This environment
combines the advantages of learning simplicity and
engineering precision, allowing effective testing of
control logic before transitioning to the physical
implementation of the system.

To verify the correctness of the interaction
between hardware components and software
code in the Tinkercad environment, a virtual
connection diagram was created. This diagram
(Fig. 3) includes an Arduino microcontroller,
sensors, and actuators, and serves as the basis for
further simulation of the system’s operation.

Fig. 3 demonstrates the hardware and software
components of the control system for a stationary
robotic manipulator. The constituent elements in
the diagram (Fig. 3) are:

— Arduino Uno - the central controller
that receives signals from potentiometers
(controllers) and controls the servomotors;

— potentiometers (4 pcs.) — used to set the
position or speed of each servomotor (e.g.,
manipulator segments);

— servomotors (3 pcs.) — simulate the
movements of the robot’s joints;

— 1.293D driver — a chip for controlling DC
motors or servomotors, providing direction and
power of movement;

— power supply (3 X AA 1.5V battery pack) —
supplies power to the circuit;

— connecting wires — transmit signals between
components.

The developed hardware circuit (Fig. 3)
requires software that would implement the
algorithms for controlling the movements
of SRMs and ensure the interaction of all
components of the system. The software part
is critically important for the functioning of
the robot, as it defines the logic for processing
signals from sensors and generating commands
for the actuators. For the implementation of the
control system, the Arduino UNO R3 board was
chosen to serve as the central controller. The

. AS'LVY |

Fig. 3. Diagram of connecting Arduino project components in the Autodesk Tinkercad environment
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choice of this platform is justified by its sufficient
computational power, the availability of the
required number of analog and digital inputs/
outputs, as well as extensive library support for
working with peripheral devices. Arduino UNO
R3 provides the possibility to connect:

— micro Servo servos that mimic the
movements of individual segments of the
manipulator;

— DC motor through an 1L.293D driver to
simulate the operation of the gripping mechanism
(claw);

— potentiometers for manually setting the
position of each degree of freedom of the robot.
The model’s power supply is implemented from
a 3 x AA battery pack with a nominal voltage of
1.5V per cell, providing autonomy and portability
of the prototype. The robot is controlled manually
through analog controllers (potentiometers),
allowing the operator to accurately control the
position of each manipulator segment [18].

In the development of the program code, the
standard Servo.h library was used, which provides
functions for controlling pulse-width modulation
(PWM) of servomotors. The program structure
is built according to the classic Arduino project
scheme and includes initialization, setup, and
main execution loop blocks.

At the initial stage of the program, software
objects are created to control the servomotors:

Servo servol;
Servo servo2;
Servo servo3;
Servo servo4;

Each object of the Servo type corresponds to
a separate servo in the manipulator design and
provides an interface for controlling its position.
Next, the analog input pins for connecting
potentiometers are defined:

int pin@ = A9;
int pinl = A1;
int pin2 = A2;
int pin3 = A3;

These variables indicate the analog inputs of
the controller, through which voltage values are
read from the potentiometers corresponding to
the desired position of each segment.

Thus, the main functional blocks of the
program include:

1. Library inclusion. The program starts with
the directive to include the Servo.h library,
which provides specialized functions for working
with servomotors.
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2. Creation of control objects. Four objects
of the Servo class are declared for independent
control ofthe fourservomotorsofthe manipulator.

3. Configuration of input-output ports. Analog
input pins are defined for reading signals from
potentiometers, and variables are also declared
for storing the current angular positions and
analog-to-digital converter (ADC) values.

4. Setting limit values. Restrictions are set
for the movement ranges of the servomotors and
threshold values for controlling their rotation
speed, which ensures smooth movements and
prevents mechanical damage.

5. The initialization function setup(). This
function performs the initial system setup:

— configuring pins as inputs or outputs;

— attaching servo software objects to the
appropriate digital pins of the controller;

— establishment of the initial positions of the
executive mechanisms.

6. The main execution loop loop(). This
function runs cyclically and implements the
main control logic:

— reading analog values. Using the function
analogRead(), voltage values from

potentiometers are read (range 0—-1023) and
scaled to the control range 1-29 using the map()
function;

— center correction. Software correction of
values is performed to compensate for possible
inaccuracies in the mechanical centering of the
potentiometers;

— calculation of increments. The difference
between the current analog input value and the
central position determines the direction and
speed of change of the servo position;

— conversion to angles. The internal values of
the servos are converted to rotation angles in the
range from 10° to 180° using the map() function;

— command transmission. The calculated
angular values are sent to the corresponding
servos via the write() method, which directly
controls the PWM signal;

— gripping mechanism control. When the
button is pressed (reading HIGH on pin 3), a
digital output is activated (pin 4 is set to HIGH),
simulating the activation of an electromagnet or
the gripping system.

Such software architecture provides flexible
and precise control of all degrees of freedom of the
manipulator, allowing the operator to intuitively
control the robot’s position and perform basic
manipulation operations. The modular code
structure facilitates further system improvements,
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including the implementation of automatic
operating modes, integration of additional sensors,
or the realization of wireless control.
Conclusions. During the course of the
work, a comprehensive design of a stationary
construction manipulator robot was carried
out, encompassing both the structural and
software components of the system. The study
was based on an analysis of current trends in
the automation of the construction industry and
the need to improve productivity, accuracy, and
safety in performing technological operations
on construction sites. A structural scheme of
the automated control system was developed,
defining the interaction of the robot’s main
components, including the controller, feedback
sensors, actuators, and a database for storing
and processing operational parameters. This
scheme became the conceptual basis for further
modeling of the design and development of the
control system. Based on a comparative analysis
of software environments for three-dimensional
modeling, the Blender platform was chosen,
which provided an optimal combination of
accessibility, visualization functionality, and
the capability for robot kinematics animation.
In the Blender environment, a detailed three-
dimensional model of a stationary palletizing
robot manipulator was created using a sequence
of stages, from planning and constructing basic
geometric primitives to applying modifiers
and implementing a skeletal rig for motion
simulation. The resulting model reflects the
robot’s design features, its spatial geometry, and
possible movement trajectories of individual
manipulator segments. For the development of
the software and hardware parts of the control
system, the Autodesk Tinkercad platform was
used, allowing the virtual modeling of the
electronic circuit connections of components
and preliminary testing of the operational logic

without the need for physical devices. The
created scheme includes an Arduino UNO R3
microcontroller as the central control element,
four potentiometers for manual position setting,
three servomotors to simulate the movements
of the manipulator’s joints, an 1L293D motor
driver, and an autonomous power supply. This
configuration provides sufficient functionality to
demonstrate the basic principles of controlling
a multi-link manipulator. Software has been
developed based on the Arduino microcontroller
using the Servo.h library to control the
servomotors via pulse-width modulation. The
program code implements cyclic reading of
analog signals from the potentiometers, their
mathematical conversion into angular values
for the servomotors, taking into account limit
constraints and centering correction, as well as
control of the gripping mechanism through a
digital output.

The modular architecture of the program
allows the operator to intuitively control
the position of each degree of freedom of the
manipulator and perform basic manipulation
operations in manual mode. The practical value
of the completed work lies in the creation of
a functional prototype of a stationary robot
control system, which can be used for educational
purposes, demonstrating the principles of robotics
in construction, and further improvement
for practical implementation. The obtained
results provide a foundation for expanding
the system’s functionality by integrating
additional sensors for automatic object position
detection, implementing autonomous trajectory
control algorithms, developing wireless control
interfaces, and adapting the design for specific
construction operations. The developed design
methodology can be applied to create other types
of construction robots, taking into account the
specifics of particular technological tasks.
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MMPOEKTYBAHHS KOHCTPYKIIII TA CUCTEMA KEPYBAHHS PYXAMU
CTAIHIOHAPHOTI'O POBOTA-MAHIIIVJIATOPA AJIA BY AIBEJIbHUX POBIT

Anomayis. Y cmammi npedcmagieno pesyibmami KOMNIeKCH0z0 00CHIONCeHH S, NPUCBIUEHO20
CMBOPENHIO CMAUIOHAPH020 Poboma-maninyismopa (naiemaisepa) s GUKOHAHHS MeXHOI02IY-
Hux onepauiil y byoisenviiil zanysi. Y pobomi npedcmasieno KoMniekcrui nioxio 0o npoexmyeanis
CMAauionapHozo podOmMa-mManinyismopa, SKuil 0XoNI0e KOHCMPYKMUGH, anapammui ma npozpamui
acnexmu cucmemu. Pospobieno cmpyxmyphy cxemy asmomamu3osanoi cucmemu ynpasiinis, aKa
BCMAHOBTIOE (DYHKUIOHATILHT 36’ SI3KU MIJC KOHMPOIEPOM, OAMUUKAMIU 360POMHOZ0 36 SI3KY, BUKO-
Haguumu mexanismamu ma 6as3o10 Oanux 0is sbepizanns onepayiinux napamempis. Ils cxema
BUHAUAE APXIMEKMYPY 63aeMO0ii KIHOUOBUX KOMNOHEHMIE POOOMa ma 3a0e3neuye KOHYenmyaiviy
ocrosy 01s peanizauii cucmemu. Ilposedeno nopieHAIHUL AHATI3 CYUACHUX NPOZPAMHUX cepeo-
06uw, 015 MPUBUMIPHO20 Moderosanus, 3okpema Blender, SolidWorks ma Autodesk 3ds Max, sa
Kpumepismu 0oCmynnocmi, (pyHKUIOHATLHOCTI, MONCIUBOCTL NPOBedeHHs GUNPOOY6AID, 1e2ZKOCTI
0CBOEHHSL MA NIOMPUMKU IHXCEHEPHUX opmamis. 3a pesyibmamamu aHarizy 00spyHMOoBaro suodip
naamepopmu Blender sx onmumanvnozo incmpymenmy, wo sabesneuye naukpawuil 6AIAHC MiXc
docmynuicmio, MONCIUBOCMAMY BI3yai3auii ma animauii Kinemamukyu maninyasmopa. /lemanvho
0nUCaH0 Memo0o02i10 MOOCTIOBANHS, WO BKIIOUAE eMAny NIAHYBAHNS, CMEOPeHHs 6A306UX 2e0Me-
MPUUHUX NPUMIMUBIB, 0eMAIbH020 MOOETIOBAHHS 3 BUKOPUCTIAHHAM PISHOMAHIMHUX THCMPYMeH-
mie ma moduegixamopie Mirror, Subdivision Surface i Boolean s onmumizauii zeomempii, a maxoxc
cmeopenus ckeremnoi apmamypu 0as imimauii pyxie poboma. Cmeopero nosHOPYHKYioHAILHY
MPUBUMIPHY MOOeT> CMAUIoHAPHO20 POOOMA-MAHINYISMOPA NAeMAli3epa, sKa 8I0MEOPIE 1020
Koucmpyxmueui ocobnuocmi, npoCMopose PO3MaULy6anHs KOMNOHENMI8 Ma KIHeMAMUUHI MOJNC-
queocmi. Modenv doseonsie gisyanizyeamu mpaekmopii NepeMIUEHHA OKPEMUX CeeMenmis MaHi-
nYIsmopa ma nepesipumu npaue:aaammcmb Koucmpymm Yy sipmyanviomy cepedosuwii 0o emany
pizuunozo suzomosnenns. /lns peanizayii anapammoi uacmuny Cucmemu 8UKOPUCMano niamgpopmy
Autodesk Tinkercad, wo doseonuna sipmyaivio 3modenosamu erekmponny cxemy nioKIOUeHHs
Komnonenmis 6es nompebu y pisuunux npucmposix. Peanizosano npozpamne 3abesneuenns na 6asi
Mikpoxonmponepa Arduino 3 euxopucmannsm 6ioriomexu Servo.h 015 ynpaeninms cepsonpueodamu
uepes WUpoOmHo-iMnyabcHy mooyasuito. [Ipakmuune suauenns, OMpUMaHUX pe3yivmamie noisizae
Y CMEopenti (PYHKUIOHAILHOZ0 NPOMOMUNY CUCTIEMU YNPABLIHHS CMAUIOHAPHUM POOOMOM-Na-
JeMau3epom, SKuil Moxce BUKOPUCMOBYBAMUCS 01l HABUALLHUX WiNell, OeMOHCIPAUii npuHyunie
pobomomextixu y Oydisnuymei ma nodavwoi modeprisauyii. Ompumani pesyaomamu Gopmyomy
0CHOBY Ot POSULUPEHHS (PYHKUIOHATLHOCT CUCTEMU WLLAXOM iHmezpauii 000amKkosux 0amuuxie
015 ABMOMAMUUHO20 BUIHAUEHHS NOJOJNCEHHS. 00 EKMIB, BNPOBAONCEHH an20pUMMIe ABMOHOMHO20
KepyeanHs mpaskmopiamu pyxy, peaniauyii 6638p0m06ux inmepepeticie ynpasninta ma adanmauii
KOHCMpYKuii nio cneyudgiumi 6y81@eﬂbm onepauzz naﬂemus’amz mamepianie na byomaidanuuxax.
Kniouosi caosa: roncmpykuis, cmauionapuuii, podom-maninynsmop, podomomexuika
6 Oyoienuuymei, cucmema xepyeanns pyxamu, 3D modens, Blender, Tinkercad.
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