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ROS-based manipulator robot control system

O. Streltsov, Y. Ornovetskyi, M. Katrichenko, V. Pozdnyakov, S. Konovalov
Odessa Polytechnic National University

Abstract. In order to realize the control of the robot manipulator, the control system of the robot
manipulator was studied. On the premise of ensuring the robustness and real-time of the system, it is
proposed to build a control system based on Ubuntu system combined with Robot Operating System (ROS),
and use Controller Area Network (CAN) communication to build a robot manipulator. Finally, through the
simulation experiment and the physical robot control experiment, the application effect of the robot
manipulator control system is verified. The experimental results show that the robot manipulator control
system has the basic working ability to control the coordinated robot for path planning, and can well
establish the communication between the upper and lower machines and control the robot manipulator. At
the same time, the control system has the characteristics of modularity, high portability, clear frame, and

low delay.
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Introduction

The growing popularity of robotics and the
increasing demands for precision in robotic
operations have driven the development of new
hardware and software solutions for control systems.
The proliferation of diverse robot types has led to
the emergence of a wide range of control systems,
each tailored to specific robot categories.

Despite the active efforts of numerous
companies engaged in research and development
within the robotics field, existing control systems are
predominantly designed for individual robot types
and lack universality, which limits their applicability
in the broader market. This limitation hinders the
advancement of universal control systems that could
meet market demands. Consequently, the
development of a universal control system capable
of supporting the majority of modern robots has
become an urgent market need.

In the development of control systems for
modern robots, several development platforms can
be considered, including Microsoft Visual, Matlab,
MRDS, among others. Microsoft Visual [1] is well-
suited for development within the Windows
environment and offers a comprehensive set of tools,
though the development process can be complex and
prone to errors. Matlab [2] is primarily used for
simulation experiments, but it presents challenges
when implementing control for physical robots.
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Since these software platforms encapsulate certain
algorithms, such as OpenCV, OMPL, and others, it
is essential to identify a development platform that is
compatible with various algorithms and is easy to
use across multiple platforms.

To achieve this, a control system platform was
developed based on the Robot Operating System
(ROS) [3], and corresponding experiments were
conducted for both simulation and physical control.

1. Configuring the ROS Environment

The Robot Operating System (ROS) is a
framework for developing robotic control systems. It
includes features such as 3D reconstruction,
dynamic  modeling, real-time  environment
simulation, physical control, and other
functionalities that enhance the development
requirements for robots [4]. ROS is available for all
major operating systems, with Ubuntu being one of
the most advanced in terms of ROS support. ROS
does not handle system process management;
instead, it provides various functional packages and
establishes communication between them through a
peer-to-peer mode to create a control platform for
robot simulation and physical control. This
framework introduces key concepts such as "node,"
"topic,” "service," and "message." As illustrated in
Fig. 1, these core concepts are used to deliver data to
the control system through their interactions.

1.1 . Node

Nodes in ROS represent individual processes that
interact with each other through topics and services,
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contributing to the system's efficiency and
maintainability. Each node is assigned a unique
name within the system, preventing name
duplication and ensuring the uniqueness of
interactions between nodes.

Nodes Nodes

Control
System

Nodes Nodes

Fig. 1. ROS management structure
1.2 .Topic

A topic in ROS serves as the primary bus for
data exchange between nodes. The publisher, who
sends the data, and the subscriber, who receives it,
do not need to be aware of each other's existence.

A topic can support multiple subscribers and
multiple publishers; however, to avoid errors,
different nodes must publish data under the same
topics.

1.3 . Service

Services in ROS are used for direct interaction
with nodes and for obtaining feedback from them.
Each service consists of two messages: one that
makes a request and another that processes and
responds to it. Services are user-defined, stored in
the srv directory, and are converted into source code
during compilation.

1.4 . Message

Messages in ROS are used to transmit data
between nodes by publishing them in predefined
topics. All data in ROS can be represented as
messages, which have a fixed type and structure,
defined as the package name/.msg file name. The
management of all processes in ROS can be
implemented using nodes, topics, services, and
messages.

2. Research methods and progress
2.1. The control system algorithm

Controlling robotic manipulators requires high-
precision control over joints to ensure smooth
motion, which in turn necessitates the use of
specialized control algorithms. In this study, the
primary algorithm used is robot trajectory planning.
The system is designed based on the input of initial

and final positions to guide the robot's movement.
Given these characteristics, the control system is
built upon the Rapidly-exploring Random Tree
(RRT) algorithm [5].

The RRT algorithm is specifically developed for
real-time trajectory planning of non-linear
mechanical systems. Unlike other well-known
sampling methods, whose effectiveness largely
depends on numerous tunable parameters, RRT
demonstrates versatility and is the most suitable
approach for solving a wide range of motion
planning problems.

RRT employs a discrete representation of the
configuration space in the form of a tree, where the
root node corresponds to the object's initial position.
This tree expands in such a way that it gradually
covers the entire permissible configuration space,
thereby increasing the accuracy of the constructed
path network.

At the core of the RRT algorithm is a random
tree used to detect collisions of sample points in the
motion space by randomly growing branches from
the root node toward the target. This algorithm does
not require 3D modeling but effectively solves path
planning tasks in a three-dimensional space with
multiple constraints. Due to its high efficiency,
accuracy, and simplicity, RRT is well-suited for
controlling the motion of robots with a large number
of degrees of freedom.

The RRT algorithm takes the initial position as
the root node and generates child nodes through
random sampling, resulting in a tree that grows
randomly. When this tree reaches the target node, a
path from the root to the target node is constructed,
thereby facilitating the robot's trajectory planning.
The following algorithm outlines the process of
robot trajectory planning using the RRT method:
Function RRTPlan: BOOL( env :environment, T
:RRTTree, S goal: node )

1. Var S target, S nearest, S new, node

# Initialization of variables: Variables S target, S
nearest i S new which represent the nodes of the
RRT tree, are declared, sixi mpencraBinsioTh By3iH
nepesa RRT.

2. While(search time/space remaining) do

# Search cycle: Within the search time or space, the
main cycle of the algorithm is performed.

3. S target = ChooseTarget ( S goal)

# Select target: The ChooseTarget function selects a
target node S target, which can be a random point or
a final target S goal.

4. S nearest = Nearest (T, S target)

# Searching for the nearest node: The closest node of
the tree T to the target node S target is found using
the Nearest function.

Computer Systems, Networks and Their Components 7



ISSN 2221-3805. Electrical and computer systems. 2025. Ne 42 (118)

5. IF (Distance ( S nearest, S goal) < Distance
Threshold)
6. Return true
# Distance to target check: If the distance between
the nearest node and the target node is less than a
given threshold value, true is returned, indicating
successful trajectory planning.
7. S new = Extend ( S nearest, S target)
8. IF (S new # NULL) then
9. T.AddNODE( S new)
10. Return false
# Extending the tree: If the condition of steps 5.6 is
not met, the tree is extended towards the target node
using the Extend function. If a new node S new is
created, it is added to tree T. If no new node is
created, false is returned, indicating that no path was
found.
11. Var p : real
12. p = Random(0, 1.0)
13. IF 0 < p <aim then
14. Return goal
15. Else if aim< p 1<1.0 then
16. Return RandomNode();
# Random node selection: a random number p is
generated. If it is in a certain range, the function
returns the target node. Otherwise, a random node is
selected.

An example of the RRT algorithm used in the
movement of the manipulator is shown in Fig. 2.

Fig. 2. Use of the RRT algorithm on the manipulator

To accelerate path planning, the random tree is
optimized by initially calculating the midpoint
between the starting and target positions in the
space. The robot first moves toward this midpoint
and then proceeds to the final position. This allows
the random probability to determine whether the
next point is the correct target or a random point.
The parameter aim is predefined, and a random
number bp is generated within the range of 0 to 1.
When O<bp<aim, the random number directs
movement toward the target point; when aim<bp<1,
the random number facilitates growth in a random
direction [6].

The RRT algorithm can be employed to
compute and output the rotational speed and radians
of each joint during the robot's movement, given the
initial and target positions as input.

2.2. Communication interface design

The communication interface module is utilized
to establish a connection between the main computer
and the robotic manipulator. This module facilitates
the exchange of control commands and feedback
transmission between the two entities. Traditional
ROS communication is based on ID connections,
which are typically employed for a limited number
of advanced robots, such as the UR series. However,
Controller Area Network (CAN) communication is
currently more widely adopted [7]. Thus, in this
study, only the path planning algorithm and
simulation environment in ROS are used, combined
with  CAN communication to develop a new
communication method.

CAN communication is employed to transmit
motor parameters—such as motor identifier,
rotational angle, speed, etc.—calculated by the main
computer to the control chips of each robot motor,
allowing for direct control of the robot. This
communication method does not rely on ROS
communication and directly interfaces with the
motors.  This approach  enhances existing
characteristics of robustness and responsiveness
while adding features such as simplicity in
communication, broad applicability, and high
portability, making it suitable for most robotic
manipulators available on the market.

2.3. The main process of controlling a
manipulator robot

The control process is divided into three parts:
trajectory planning operations, communication
connections, and motor control. Controlling a
robotic manipulator essentially involves managing
the rotational angles, speed, and switching time of
the motors at each joint. Thus, the steps of the
control system are as follows:

(1) Construct a 3D model of the robot, configure the
ROS environment, and set the initial position of the
end-effector.

(2) Launch the configured robot in the ROS 3D
visualization environment (Rviz), input the end-
effector coordinates via the editing interface, invoke
the RRT algorithm to compute the necessary joint
angles, velocities, accelerations, and positions
required to reach the target position, and
sequentially transmit the computed results.

(3) Establish communication between the main
computer and the robotic manipulator using CAN
communication. The calculated joint angles ando
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Fig. 3. Block diagram of the robot-manipulator control process

ther necessary parameters are sent to the robot
through the communication interface.

(4) The robot receives the data, converts it into
motor motion parameters, and sends these
parameters to the motors to control the robot's
movement.

3. Experimental results and analysis
3.1 A simulation experiment

In the simulation, a control interface is created
where the coordinates of the end-effector can be set
and modified to control the simulated robot in Rviz.

The initial position of the robot is observed
horizontally through the simulation interface, while
the target position can be adjusted by either dragging
or entering the end-effector coordinates directly into
the interface. First, the end-effector coordinates are
reset to the initial position. Second, the coordinates
of the end-effector are altered in the interface to
direct the robot towards the target position. Target
positions are assigned to move the robot in each
direction, and an appropriate path is planned
accordingly. The simulation is illustrated in Fig. 4.
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Fig. 4. Simulation of the robot control experiment

The simulation results demonstrate that by
inputting the target coordinates of the end-effector,
the RRT algorithm can be invoked within the
simulation software to compute the rotation angle
for each joint, which is then visualized in the
simulation interface, thereby achieving control of the
simulated robotic manipulator. The specific
coordinates used in the experiment are provided in
Table 1.

Table 1
Coordinates of the input end effector
Position points The specified coordinates
Initial state (0,0,0)
1 (0.3,0,0)
2 (0.3,-0.3,0)
3 (0.3,-0.3,0.3)
3.2 An experiment in controlling a

manipulator robot

The URS5 robotic manipulator [8] was used as
the physical robot for the experiment. The data was
transmitted from the computer interface to a
microcontroller located within the robot. The
microcontroller processes the received data and
converts it into parameters recognizable by the
motor, thus controlling the speed and timing of
motor rotations. Upon receiving a command from
the main computer, the motor controller executes the
corresponding action, completing the path planning,
and the robot performs the intended motion.

Due to hardware inaccuracies and deviations in
the ROS algorithm, the motion parameters sent were
calibrated within the control system. The robot

moved at a constant speed, with the absolute
positions of the joints being read. The results
indicated that the robot did not reach the specified
position within a 2 mm margin. After adjusting the
control parameters and refining the software, the
robot's spatial movement could be precisely
controlled via the main computer interface, ensuring
high reliability and real-time performance.

By utilizing the ROS print function, detailed
information regarding the speed, time, and
acceleration for each joint of the robot can be
effectively displayed on the output screen. This
functionality allows for monitoring the dynamics of
the robot's motion in real-time, ensuring that the
movements align with the desired trajectory. Table 2
presents the time required for the robot to reach its
specified positions after entering the end-effector
coordinates provided in Table 1. These output times
are critical for evaluating the performance and
responsiveness of the system. The recorded times
illustrate that the robot's motion is characterized by
smooth transitions, exhibiting excellent stability and
consistent real-time performance, which is essential
for precise and efficient operation in dynamic
environments.

Table 2
The time required to move the robot
to the given positions

Position points Duration (s)
Initial state 0
1 1.94
2 1.89
3 2.02
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Conclusion

In this study, the control of a robotic
manipulator was implemented on Ubuntu using
ROS. The path planning algorithm was optimized,
and the communication between the main computer
and the motor controllers in ROS was enhanced to
develop a communication method that is both
applicable and easy to operate, while maintaining
the original real-time performance and reliability.
The experimental results clearly demonstrate that the
control system can accomplish the primary tasks of a
robotic manipulator, indicating its practical
application value. However, the development of
additional functionalities, such as the
implementation of a machine vision system and the
design of end-effectors, requires further research to

achieve  improved  outcomes and  future
advancements.
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Cucrema ynpapJiiHHA po00TOM-MAaHIMYJISITOPOM
Ha ocHOBI ROS

0. B. Crpeasnos, 1O. B. OpnoBenskuii, M. O. Katpiuenko,
B. I'. Ilo3ausikos, C. C. KonoBajosn
Hayionanvnuti ynisepcumem «OQodecvra nonimexuixa»

Anomauia. /{ns peanizayii cucmemu KOHMpO0 pobOMOM-MAHINYIAMOPOM OO0CTIONCYIOMbCA NIOX00U
ma aneopummu ynpaeuinua. 3 memoio 3abezneuenHs HAOIUHOCMI Ma cmMabilbHOCMi cucmemu 8 peaibHoOMy
yaci, NponoHyembca cmeopumu cucmemy kepyeanus pobomom-maninyiamopom na IIK 3 OC Ubuntu,
suxopucmogyioyu ROS ma CAN-3¢'s30x. [lpakmuune mecmyeanHs cucmemu KepyeamHs pooOmMom-
MAHInYyIAmMOpOM NPOBeOeHO 3ad 00NOMO2010 IMimayitino2o excnepumenmy. Pesynomamu noxasanu, wo
cucmema KepyeawHs pPOOOMOM-MAHINYIAMOPOM GION0GIOAE OCHOGHUM HnApAMEempam I eumoz2am Ois
NIAHYBAHHSL MPAEKMOPIT pyXy poOOMa-Maninyaamopa i 30amua 6CMaHOGII08AMY 36'130K MIdC 207106HUM
Komn'tomepom ma pobomom 0ns xkepyeaunsa. Cucmema Kepy8auHs € MOOYIbHOW, KOMRAKMHOIO, 3 YIMKOWO
CMPYKMYPOI0 Ma HU3bKOI 3AMPUMKOIO PeazyanHsi.

Knwuoei cnosa: pobom-maninynamop, cucmema ROS, npoexmysanus cucmemu YnpasuinHs,
aneopumm RRT, xomynixayivinuil inmepgetic.

Otpumano 17.02.2025
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