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Abstract

The article considers the possibilities of automated use of robotic equipment in order to form an infrastructure for moving goods
at enterprises. Areas of application of algorithmic programming languages of object-oriented type in robotics are investigated.
The algorithm of operation of a transport vehicle, the movement, which is based on the recognition of the line of motion, describing
the route of movement, is presented. The analysis of the peculiarities of the implementation of such problems with the use of
OpenCv software library was carried out. The structure of the vehicle is proposed, in particular: its driving mechanisms, control
scheme, engines and wheelbase. Further development was made to the algorithms for the management of crawler lorries and
the ways of their program realization in various spheres of entrepreneurial activity, where there is a need for the transfer of cargoes
in the ordinary areas (construction sites, forest lands, open warehouses, airports, etc.). Based on the proposals for creating a cargo
robot that can be moved according to a given route, the model of control system of conveyor systems, which solve the issues of
automation of technological processes in the part of the addition of conveyor systems, is presented. The analysis of literary sources

describing the necessity of creating mobile conveyor systems in production, which enables to quickly re-equip production processes

to unforeseen needs, was carried out.
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1 Introduction

The purpose of introducing any automated process control
system of technological processes (APCS) is to increase
the added value of the final product by reducing and opti-
mizing production costs. The result of such a purpose
depends on the means used, their cost and fault-tolerance
during operation.

Quite often, market conditions are changing rapidly, new
products arise, new services are being created, new com-
ponents are developed, substitutes for existing raw materi-
als are developed. And sometimes companies are forced to
reorient in general to the manufacturing of other products.
This requires re-equipment not only of production, but also
of transport and warehouse system at the enterprise. In turn,
the manufacturer has a fairly high cost for the restructuring
of pipelines in particular, and the system for moving loads in
general. All this is due to the cost of individual design, indi-
vidual ordering of components, testing, etc.

Reducing the total cost of both technical maintenance of
the control system and the movement of goods within the
production site is achieved by increasing the speed and pre-
cision of shipment and movement of goods in the process
of using the warchouse management system. To this end,
in modern conditions, robot-technical solutions of different
types are used. The most inexpensive, reliable and simple
are crawler-mounted wheeled platforms with independent
drives that allow you to maintain the required speed. The
engines of the right and left sides can be electric or hydrau-
lic, and the control process is carried out with the help of
a manipulation mechanism. There is an opportunity to
quickly and effectively incorporate a robotic platform into
the general concept of the company's control system.

The most relevant issue related to the use of robot-
ized transport platforms is their independent management
during travel, since the performance of this function by
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the general system of APCSs causes an additional load on
the system itself, and questions its versatility. The con-
trol system should issue commands to the lower-level ele-
ments, but under no circumstances should control them. In
turn, the requirements for automated vehicles also include
universality, compliance with safety standards, and easy-
to-use features (International Standard IEC). The low-
er-level element in the control system should adopt a stan-
dardized command from the higher-level elements. To
solve the management problems by such means, in the
era of Internet of Things (IoT), it is quite common to use
machine vision for route identification, interference detec-
tion, fire detection, smoke signs, and the like, which in
general meets the modern requirements for automated
systems and makes them more flexible to changes in terms
of use. The level of development of software today allows
you to easily accomplish such tasks. For the solution of
which a methodology is proposed in this article for the
introduction of a robotic vehicle into an automated system
of conveyor movements that moves according to a given
route increasing the possibilities of conveyor lines of pro-
duction enterprises. An autonomous control of a robotic
vehicle can be accomplished by means of machine recog-
nition of a designated line that describes the path of the
vehicle, which is applied to its travel route, thus expanding
the capabilities of the conveyor systems.

In this regard, the authors put forward a hypothesis
about the possibility of using cheap ways to build mobile
robotic platforms using machine vision, which includes
not only establishing the possibility of building them, but
also evaluating the reliability of such solutions.

Since the transportation of such platforms must be
autonomous, and the construction of separate specialized
routes, even within their own economy, requires signifi-
cant financial costs, it was decided to manage such a plat-
form using machine vision.

To test this hypothesis, a model of a transport platform
was built, which was controlled based on a simple algo-
rithm for tracking the line drawn along the set route.

For the software implementation of the motion algo-
rithm, an interpreter of the Python programming language
was used. To apply machine vision, the OpenCv library
was used. The hardware is implemented on the basis of
a RaspberryPi single-board computer, with battery, elec-
tric motors and equipment for managing them. In order
to prove the hypothesis for such a platform, a number of
models were applied, in particular: models for checking
qualification, reliability and performance.

2 Literature review

The use of automated mobile platforms has gained wide-
spread popularity in construction (Asadi etal., 2018), agricul-
ture (Aravind et al., 2017), chemical industry (Russell, 1999),
education (Mondada et al., 2009) and many other industries.

Today, such platforms often use machine vision for auto-
nomous movement (Pérez et al., 2016; Secuianuetal., 2017;
Jing et al., 2019). However, given the complexity of such
systems, their cost and serviceability creates a barrier
for small businesses. Thus, in particular, problems in the
use of mobile platforms arise in the process of adapta-
tion to new routes, as well as communications between
such platforms (Jing et al., 2019), autonomous power and
recharging (Grimmett, 2015), training such robots (Ben-
Ari and Mondada, 2018). All this and many other prob-
lems increase the cost of machine vision technology for
mobile robotic platforms.

In such conditions, there are many enthusiasts who are
trying to reduce the cost of relevant developments. For
example, scientists from Romania are trying to create a sim-
ple solution for moving a mobile platform based on machine
vision (Secuianu and Lupu, 2018), the cost of compo-
nents (Raspberry Pi 3, ultrasonic sensors, Li-Po battery) and
free software (OpenCYV, Python, Unix) makes such an offer
quite affordable for budget use. Such developments include
the following works, for example, to determine the processes
of fruit ripening (Mustaffa and Khairul, 2017), the applica-
tion of mineral fertilizers to plants (Khan et al., 2018), the
detection of weeds (Arakeri et al., 2017), and so on.

The largest area of application of such systems is the
agricultural complex, where a significant part of farmers
are small family households, which actually need such
solutions.

Despite the large number of developments, which are
based on the above approaches, they largely require indi-
vidual solutions, because each farm has its own character-
istics, and this creates the need for entrepreneurs to mas-
ter, at least Python programming languages, knowledge of
Raspberry Pi operating system Linux, as well as knowl-
edge of basic electronics.

A review of scientific sources revealed that the relevant
developments today are using the above components and
software.

In addition to that, largely theoretical and applied
aspects are covered in the means of open access to infor-
mation, in particular, the use of the cheap Raspberry
Pi platform and the OpenCv software library to solve
machine vision problems. Thus, according to the analysis



of search queries "OpenCv Raspberry Pi", in the most
popular search engine Google, you can get the dynam-
ics (Fig. 1), which indicates the prevalence of such tech-
nology, and, in turn, its availability to small businesses.

Therefore, as the literature research shows, an attempt
to prove the feasibility of the hypothesis of creating a low-
priced transport platform for small farms is quite likely.

To test the hypothesis about the feasibility of creating a
control system for a low-priced mobile transport platform,
the authors developed a prototype of it.

3 Main part

The problems of the flexibility of conveyor systems are
becoming more and more relevant with the advent of
e-commerce, the openness of trade routes and other pro-
cesses of globalization. From time to time, enterprises
receive orders for the production, storage and maintenance
of new products, but the production facilities do not meet
the new requirements for the transfer. Therefore, manufac-
turers are forced to adapt to new conditions. Sometimes
such re-equipment has a higher cost than the profit gener-
ated by the innovations.

Among the wide range of transportation systems, it is
possible to distinguish crawler platforms that are driven
by two independent electric or combustion motors. They
are widely used in various fields, both industrial and
non-industrial. As a rule, moving objects, such as mobile
machines and work, often operate in non-stationary and
uncertain conditions. In order to manage such complexes,
depending on the specifics of their use, it is necessary to
conduct research and develop theoretical and practical pro-
visions for the purpose of creating control systems, which,
by adapting to changing conditions, should complement
the automated control system by mobile and robotic
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Fig. 1 The number of searches for the keyword "OpenCv Raspberry Pi"
in the Google search engine (Compiled according to Google Trends)
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complexes, which find their application in closed techno-
logical cycles (Reimgen, 2014), on separate technological
objects (Berger, 2000), in the coal industry (Samorodova et
al., 2016), in the chemical industry (Andreeva et al., 2015),
and others like that (Glebov and Mohammed, 2015).

A certain complexity is a description of the environ-
ment of the working area of the robot, whose parameters
are necessary in the programming of its actions, which
can be described by Eq. (1).

v, =rw0(l—i0);vi =rw,.(l—il.);

ve=g[w0(1—i0)+wi(l—ii)};

@ =arcig(v,—v,)/ b;

Ve :g[wi(l_ii)-i_wo (l_io)];

R :%(Wo(l—io)-l_wi(l_ii))/(wi(l_ii)_WO (l_iO))’ M

where:
* v, - speed of the right caterpillar;
* v, - speed of the left caterpillar;
* v, - translational velocity;
* r-driving wheel radius;
* w,and w, - angular velocities of driving wheels;
* w-angular speed of rotation relative to center of mass;
* ¢ - angle of rotation;
* b - the width of the mobile object;
* R -radius of rotation;
* i, i, - the coefficients of sliding of the right and left
caterpillars.

Thus, the cargo of management crawler vehicle (shown
in Fig. 2) may be contolled through four control signals:

Veorward = Yo T V35

Fig. 2 Scheme of movement of a crawler platform on a plane



3/] 2 | Oleshko et al.
Period. Polytech. Transp. Eng., 49(4), pp. 309-316, 2021

Vivack = Vo ~Vis
Vi =Vo — Vs>
Viighe = Vo T V5

To set such signals a tracking platform management
system based on the received route information is needed.
Control signals can be formed on the basis of a computer,
on which software for object recognition can be installed.

The following software and hardware composition can
be considered as minimum for electric robotic platforms
of the crawler type:

» crawler robotic platform with two engines;

e drivers of engines on the four control channels men-

tioned above;

* power supplies;

* a computer that can install image recognition soft-
ware and form an output control signal for propul-
sion of engines;

e avideo camera that can transmit video images to a
computer;

» safety features;

« alternative channels of robotic platform management
in case of failure of existing communication facili-
ties and control systems.

Thus, having these components, the transport platform
can be integrated into the general system of control sys-
tems. But the necessary conditions for such integration
should be autonomy in the process of cargo transportation,
reporting to the control system, controllability and safety
during operation. In other words, the platform should
receive the following commands for stand-alone execution:

» send location relative to the route on request of the
control system;

* with a command from the ASTCP, leave from point
A to point B and vice versa;

» send a message to the control system about the state
of charging of the batteries for their operational
replacement;

» if necessary, switch to a separate control mode.

At the request of the ASTC, provide:

1. a statement of emergency,

2. notification of obstacles on the route,

3. notice of transition to a separate management mode.

Send a message to the control system for passing from
point A to point B and be ready for the next passage of the

route. The algorithm of such actions can be represented in
a block diagram (Fig. 3).

On the basis of the algorithm of movement, which
should guide the transport platform on a given route, it
is expedient to apply the technology of recognition of
graphic objects, which will enable the recognition of the
route of movement.

These graphic objects include a line drawn along the entire
route, which must contrast with the movement itself, in order
to implement the contour analysis algorithm by the comput-
ing device that must be on board the transport platform.

Methods for image recognition can be taken from the
OpenCV library, with a license that allows you to do this
for free. This library is written in C / C ++ programming
languages and is open source. Among the existing analogs,
it is most equipped with recognition functions (more than
1000). It was developed in 1998 and has a strong support
for the developers community. It can be attributed to the
largest library in terms of number of subjects in the pro-
cessing of images. It has a free BSD license. The license
includes only the requirement for the attendant informa-
tion about this library. Functionality is available in the fol-
lowing languages: Python, Java, C, C ++, CUDA, etc. It
is supported by operating systems such as: Linux, Mac,
Windows, Android, iOS.

Thus, the expansion of the functionality of the conveyor
lines can be represented as follows: the load from the con-
veyor line enters the robotic platform, then it is delivered
from point A to point B, where it is passed to the next con-
veyor line (Fig. 4).

For the automated control of the robotic platform, the
Python programming language can be considered the most
optimal and easy to master for service personnel. Today it has
begun to be used in APCS for various tasks, such as: managing
a separate technological process (Merchan et al., 2017), col-
lecting data from industrial sensors (Scholl and Rocha, 2016)
and other industries. Therefore, it can be used not only as
program elements of the library for image recognition, but
also to implement the system as a whole.

The control channels for electric motor drivers and
sensor readers can be connected to the GPIOR of the sin-
gle-chamber mini-computer Raspberry Pi, which is char-
acterized by reliability, possibilities of using a wide range
of peripheral devices (camera, monitor, keyboard, etc.),
the ability to install free software, including: Linux oper-
ating system, Python interpreter, OpenCV library and
other software licenses with a free license, and costs about
$ 50. The Linux operating system includes direct access
to the GPIOR Raspberry Pi port. These options are also
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Fig. 3 Robotic platform control algorithm

B available for the Python interpreter if one uses the RPi.
GPIO library or other similar libraries that are supported
%" w/\ by this programming language.

@ So, for determining the route of the transport platform,
one can use the OpenCv library, which will enable the rec-

ognition of the route followed, the deviation from which will
be a signal for proportional control of the control motors.
The code that can be written to implement the platform
is simple enough. Given that it is often used in the study of
this library, it can be investigated on many examples. The

algorithmic problem is reduced to the following points:

Fig. 4 Expansion of the functionality of conveyor lines using a robotic L ﬁltermg by color for carrying out the contour anal}"
platform sis of the image;
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2. line separation, filtering of unnecessary parts of the
image;
3. detecting the desired line.

Among the many researchers involved in this issue, one
can distinguish the works of Shibuya (2017), Forson (2017),
Sotnikova (2016), and others. All of them are directed at
creating vehicle management systems based on the rec-
ognition of individual graphic objects (straight lines, road
markings, etc.).

The above tasks, which must be carried out according
to the conditions of vehicle movement, have been counted
in the program code in the form of various filters, contrast
amplifiers, contour smoothing and other settings.

A striking example of these tasks is presented in the
Open-Source BeagleBone Black Project, where the devel-
oper highlights an easy way to implement such a task in
Python (Mabry, 2017).

This code provides the import of a library to work with
data arrays that are obtained from rasht images in the form
of coordinates of the image contours and the OpenCv
library to implement such transformations.

import numpy as np
import cv2

Video channel settings, using OpenCv library mod-
ules, which allow you to select a camera to receive a video
image, and set the width and height of the video input. In
this case, 160 x 120 pixels:

video _capture = cv2.VideoCapture (-1)
video_capture.set (3, 160)
video_capture.set (4, 120)

The program cycle implements the rest of the code,
which captures the current frame of the video, which is
cut off the next part of the route line:

while(True):
ret, frame = video_capture.read ()
crop_img = frame [60: 120, 0: 160]

In order to highlight the route itself, grayscreens are
added and noises are filtered out by the Gauss method, to
create a contrast to the image:

gray = cv2.cvtColor(crop_img,
cv2.COLOR_BGR2GRAY)
blur = cv2.GaussianBlur(gray,(3,5),0)

Converts an image to black and white to form an array
of contour points by setting the border between shades. In
this case, with 255 colors, all those that are smaller than
the 60th order are white and the rest are black:

ret, thresh = cv2.threshold
(blur,60,255,cv2.THRESH BINARY INV)

Using the find contours function, which takes a copy of
an image that already has a clear contrast, the outlines of
the route line are highlighted.

contours,hierarchy =
cv2.findContours(thresh.copy(), 1,
cv2.CHAIN _APPROX NONE)

The condition for finding contours is checked and, if
found, the largest of them are determined by the max func-
tion, and then the coordinate of this contour is located (in
this example, cx and cy).

if len(contours) > 0:

¢ = max(contours, key=cv2.contourdArea)
M = cv2.moments(c)

cx = int(M['m10']/M['m00'])

cy = int(M['m01'l/M['m00'])

Contour lines are applied to the original image.
cv2.line (crop_img, (cx, 0), (cx, 720), (255,0,0), 1)
cv2.line (crop_img, (0, cy), (1280, cy), (255,0,0), 1)
cv2.drawContours (crop _img, konmypsl, —1, (0,255,0),
1)

Now the robot defines the position of the line on the basis
of which it directs the controlling effect on its engines. In
the case of a line definition, a signal is generated.

if ex >=120:

print ("Turn Left!)

if ex < 120 and cx > 50:
print ('On Track!')

if ex <= 50:

print ("Turn Right')

else:

print (‘don't see the line’)

The resulting video can be displayed in the graphic win-
dow of the operating system, as well as realizing the exit
from the cycle when one presses any button on the keyboard.

cv2.imshow('frame’, crop _img)
if ev2.waitKey(l) & OxFF == ord('q’): break

Thus, the use of mobile robotic platforms at production
facilities based on the management of machine vision tech-
nologies has a wide range of opportunities for the imple-
mentation of tasks for the improvement of the control sys-
tem, optimization of production, expansion of capacities
of conveyor lines and reduction of expenses for unplanned
re-equipment of the enterprise.

4 Conclusion

Object-oriented programming languages, with the devel-
opment of computing power are increasingly entangled in
the control system. This applies not only to the general
management system. Thus, in the proposed example, the



programming language Python describes the wide possi-
bilities for controlling the functions of the machine-vision
library and the robotic control of the platform, as well as
the expediency of its use in APCS.

The proposed directions of optimization of the control
system using mobile robotic platforms managed on the
basis of line identification, which can be applied to almost
any surface, can greatly simplify the internal logistics of
enterprises, allow integration of such platforms into the
overall enterprise management system, as well as expand
the functionality of conveyor lines.

In the example presented, a general concept of the for-
mation of an internal automated transport infrastructure,
which can be further developed, depending on the needs
and characteristics of the enterprise, is proposed.

Testing of the proposed prototype of a robotic mobile
platform confirms the hypothesis that low-priced trans-
port platforms can be used for the small farms. This will
allow further progress of the developments proposed in
the article in order to improve the working conditions
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