
The second stage of testing was planned to be carried out on a real Pioneer 2 AT robot, and 
it would consist in repeating the experiments conducted on the model, in the room according 
to which a room model was created from the experiments of the first stage. Unfortunately, the 
circumstances surrounding the pandemic did not allow a full-fledged final experiment on the 
real mobile robot, so only the results obtained in the simulation are given below.

The developed intelligent control software system 
is divided into two independently executable 
modules: the first works on the Arduino board, the 
second is the ROS node. Two modes of functioning 
of the system are possible. In this work, for the 
Pioneer 2AT, an implementation is used in which 
the modules use the speeds in ticks of the encoder 
per second (tick / s) when communicating with 
each other. It allows to reduce the delay and 
reduce the number of computational operations on 
the Arduino board, without losing accuracy by using 
i n t e g e r c a l c u l a t i o n s . I n a n a l t e r n a t i v e 
implementation, the speed between the modules is 
transmitted in m / s, in this case the modules can 
be used separately and for various tasks, for 
example, only for processing data from the 
wheelbase or only for converting odometry coming 
from the signal processing board of the wheelbase 
to a format, corresponding ROS. 
To implement the developed software solution into 

a specific mobile robot model, you need to know 
the following robot specifications: the radius of the 
robot wheels, the distance between the wheel 
centers, the number of ticks of the encoder with a 
full wheel turn, the minimum and maximum speed 
of the robot, the maximum current for motors. 
Additional equipment is connected using the 
appropriate ROS nodes.

The hardware upgrade made it possible to fundamentally change 
the situation using modern software technologies. First of all, this 
concerns the possibility of using the ROS framework, and 
therefore the entire arsenal that it possesses namely SLAM 
algorithms that were originally built into the system, such as: 
gmapping, hectormap, rtabmap and in-built autonomous 
navigation algorithms. Secondly, due to the unified interface 
between ROS nodes, now there is no need to develop protocols 
for various tasks - this is standardized at the system level by 
message types. 
Next, we will take a look at the tasks that were solved by 

upgrading and go directly to the developed software and 
hardware system. That module allows to quickly connect and 
configure the wheel base of robot to the on-board computer with 
ROS, thereby expanding its intellectual functionality. 
One of the main goals of the project was to support modern 

SLAM algorithms. SLAM is one of the most important areas of 
modern robotics, which, however, is considered resolved at the 
theoretical and conceptual level [1]. The undoubted advantage of 
SLAM is the provision of a built and globally harmonized 
environmental map using both robot motion measurements and 
loop closure, without loop closure, SLAM is reduced to odometry 
[2]. 
Each year, new implementations and papers appear in this 

area, so you can not do any research without access to the 
already proven algorithms, new developments, as well as 
independent research in this area. In modern SLAM, two 
different approaches are most often used - methods based on 
filtering and based on key frames. [3]. Since the modeling of the 
environment by the robot depends both on its complexity and on 
the limitations of the sensors [4]. 

This paper describes the process of expanding the 
intellectual capabilities of a Pioneer 2AT skid-steer 
mobile robot by developing a module that allows using 
the ROS (Robotic Operating System) and its 
capabilities. This software and hardware system allow 
to quickly expand the capabilities of an outdated mobile 
robot, giving it access to modern algorithms e.g. SLAM. 
It also granted the support for various attachments - 
lidars, stereo cameras, etc, autonomous navigation 
algorithms, data collection for training CNNs, as well as 
simulating the operation of these algorithms in the 
Gazebo. The module consists of two parts, the first is 
launched on the Arduino board, to which the wheelbase 
with the associated sensors is connected, the second 
part is the ROS node, which translates all the data 
coming from the Arduino into a format corresponding to 
the ROS interface.
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To test the intelligence of mobile robot, a fairly well-known, widely used in practice 
problem was chosen: SLAM. Testing was carried out in two stages. At the first stage, the 
gmapping, hectormap, rtabmap algorithms were launched in the Gazebo simulation 
environment on a model that corresponds to the specifications of the Pioneer 2 AT 
mobile robot. In the course of robot testing, it was necessary to create a room map, 
having passed the path from point A to B, for each experiment this path was the same. 
At first, the algorithms were tested for working with lidar (see Fig. 1). In this case, all 

the algorithms provided fairly high-quality maps, according to which further autonomous 
navigation is possible. Next, tests were carried out with a stereo camera (see Fig. 2), 
and if rtabmap was originally designed to work with a stereo camera, then for two other 
algorithms it was necessary to convert a cloud of 3D points from a disparity map into a 
two-dimensional contour emulating the behavior of a lidar. This transformation imposed 
some significant limitations: a low scanning range, a small viewing angle, low frequency, 
point drift, in general, all those properties that, in general, a real lidar does not have.

Fig. 1. SLAM results with lidar a) gmapping b) hectormap c) rtabmap

When constructing a map using gmapping, satisfactory results were achieved only with 
a halving of the speed of movement of the robot model (linear speed 0.09m / s, angular 
0.19 rad / s) and a long selection of internal parameters. Hectormap failed to achieve 
adequate results. At the same time, rtabmap, which was initially launched with a stereo 
camera, produced a map of comparable quality, giving an undeniable bonus as a three-
dimensional display of the surrounding space, despite the fact that the speed of model 
did not change from tests conducted with lidar (linear speed 0.19 m / s, angular 0.39 
glad / s).

Fig. 2. SLAM results with stereo camera: a) gmapping b) rtabmap
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The main goal of the project was to upgrade 
the hardware of the Pioneer 2AT mobile robot. 
The upgrade of this robot in many years of 
operation was carried out twice. The purpose 
of those modifications was, in fact, the 
installation of a up-to-date on-board computer. 
The objectives of this upgrade are wider: 
•Replacing an outdated on-board computer 

with a modern PC; 
•Replacement of the burnt control board as a 

result of natural wear and its unreliability, by 
developing its Arduino-analogue while 
mainta in ing the speed and motors 
specifications of the robot; 

•Orientation to support the ROS interface. 
In fact, it was necessary to develop a new 

version of the mobile robot, which could 
provide a significant improvement in the 
development and application of intelligent 
algorithms and software: 
•Support a modern common in the industry 

framework - ROS; 
•Support SLAM algorithms, in particular: 

G m a p p i n g , R t a b m a p , a s w e l l a s 
autonomous navigation algorithms; 

•Widespread implementat ion of data 
collection for training for, in particular, the 
use of convolutional neural networks 
(CNNs); 

•Support simulations in the Gazebo; 
•Provide with a ROS-compatible interface all 

installed sensors, as well as additional 
equipment that was not previously on board 
the robot.
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The results presented in this article allow us 
to state that if the mechatronic base of the 
wheeled mobile robot is well preserved, it is 
possible, due to the relatively simple 
hardware and software upgrade of the on-
board electronics and computer equipment, 
in some cases only software upgrade, to 
bring the robot to the modern level its 
intellectual properties. The article describes 
in detail the process of such an upgrade for 
mobile robot Pioneer 2AT. A similar 
technique can be applied to a wide range of 
robots of this type.
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