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DESIGN OF BALL COLLECTING ROBOT

A concept of four-wheeled mobile service robot capable of collecting balls from the Tennis court is proposed in this article.
The robot is capable of manoeuvring on its own in an autonomous way and also it can be operated wirelessly. The robot is
built using the Arduino Uno R3 microcontroller board along with sensors like LiDAR, ultrasound sensor, optical encoders,
infrared sensor, camera for vision system. Sensor fusion can be implemented for localization of the robot while detection of
the tennis ball can be attained by learning based object detection algorithm using OpenCV. A* algorithm is proposed for the
navigation of the robot towards the object. Wireless operation of the robot can be achieved with the Bluetooth technology using
the Android application via a smartphone.

The article is an overview and information.
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Urgency of the research. The automation of service activities is gradually expanding into
the field of sports equipment, which allows you to automate routine activities. This article
describes the design of a robot for collecting balls on a tennis court. The main purpose of this
section is to provide information on the recent trends that are involved in the development of a
mobile service robot capable of operating both indoor and outdoor environment. The important
consideration while developing a service robot are the selection of chassis, control of the robot
movement, types of controlling and navigation [3].

Target setting. The article comprises of the different stages involved in the development
of a full-autonomous robot, which are: 1) design of a robot, with its main part description;
2) localization of the robot, which is the most important and difficult task in an autonomous
robot work; 3) finally, detection of object and obstacle, which involves the detection of a tennis
ball which is the object, and other obstacles that hinder the maneuverability of the robot. Also,
a semi-autonomous control of the robot is proposed, which allows control and commands to be
transmitted wirelessly and the robot can operate by the user’s request. A separate application
for the Android platform can be used for sending the navigation commands to the robot using
the Bluetooth technology [2].

Actual scientific researches and issues analysis. The robot’s task is to collect balls from a
tennis court at various occasions thereby saving user’s time and effort. The mode of operation
of the robot can be fully autonomous or semi-autonomous in which it can be controlled by a
smartphone using the Bluetooth Technology. An Android app can be installed on a smartphone
consisting of the buttons for choosing the mode of operation and for navigating the robot in
case it is driven by an operator. The command signals from the smartphone application are
transmitted to the mobile robot. The robot is installed with Bluetooth module which can be used
to receive the control commands and perform the operation. The robot can be used in place of
a human for collecting the balls and thus human’s time and efforts are saved which can be
invested into additional practicing [4].

Analysis of existing research and publications. The description of the existing solutions
will be divided according the main components of the robots.

Chassis

The main consideration of a service robot is its chassis. The chassis is the structural com-
ponent which accommodates a drivetrain and wheels. The chassis can also be referred to as the
skeleton of the robot. It acts as a base for connecting manipulators like arms, object intakes,
blowers, etc. The chassis should be durable, lightweight, cost effective and easily available in
market. A perfect robot chassis can be selected based on the following:

Material — the material of the chassis can be selected based on the robot’s activity. Some of
the materials are wood, 3d-printed plastic, acrylic, metal (steel, aluminium or alloy) or composites.
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Purpose — the prime use of the robot, its working environment, nature of work of the robot
are all need to be considered.

Size — the size depends on the application where the robot will be used and also the
components it will be installed with.

Shape — the chassis shape must accommodate the other components like motors, wheels,
control systems, etc. and so it has to be of good design [5].

Control of Movement

The control of robot movement purely depends upon the type of the robot and its working
environment. For example, a floor cleaning robot has to reach every point of the floor and also
it should not move on the same area repeatedly. While, a surveillance robot has to reach main
areas and gather the information. Some of the wheeled robots follow a different type of kine-
matics called the differential drive system. This drive system is designed in a way that the robot
movement is carried out on the powered individual wheels of the robot. The working of the
differential drive mechanism is as follows:

The system hosts two powered wheels, each on one side of the robot. In case of four-wheel
robots, the two motors on one side are connected in parallel such that the motors on each side
of the robot are driven separately. Straight movement of the robot can be achieved if the motors
on both sides of the robot rotate with same speed and in the same direction. Turning can be
achieved if one side of the wheels spins faster than the other side. The direction of the turn will
be towards the side where wheels rotate at a slower speed. This turning is similar to the normal
turning of an automobile, i.e., in a curved manner. If the direction of rotation of wheels on one
side is opposite to the direction of rotation of the other side wheel, then the robot performs a
turn within its place. This is similar to the rotation of the robot [6].

The differential drive robot poses a complication while moving in a straight line. This is
due to the difference in the rate of turning of the wheels whose drives are independent. Factors
like friction differences in drivetrain, friction differences between the wheel and the surface,
and slight differences in the motor affect the turning of the drive motors at same rate. In order
to achieve this, the motor RPM can be adjusted many times per second which may require
interrupt-based software and assembly language programming. Another way to achieve this is
the use of encoders for determining the accurate position of the wheels.

Classification based on controlling

In general, a robotic movement is constructed on the basic rule consisting of three questions
[2]. They are: (1) Where am [ now? (2) Where do I want to go? (3) How do I get there? By find-
ing answers for these questions, the movement of a robot is successfully obtained. For example,
the answer for question “where am [ now?” can be determined with the help of sensors as the
surrounding of a robot will be potentially varying and the sensors help to identify the presence
of obstacles, objects, etc. Coming to the second question “Where do I want to go?”, the answer
depends on the task that is to be performed by the robot - a starting point and an end point can
be used for depicting the movement of the robot from one place to another. And for the final
question “How can I get there?”, the assistance of localized path guidance system and a global
motion planar system are required to reach a target. The robot's path is determined by tracking
points generated from the environment.

The above is the basic ideology for controlling any conventional robot. Apart from this, the
robots based on the control type are classified as semi-automatic, automatic, tele operated,
cloud operated etc.

Navigation

The most important thing for any mobile device is its ability to navigate with respect to its
environment. Robot navigation is the process of determining the own position of the robot and
guide its path towards a specific location. Some robots use a different approach for navigation
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called reactive navigation in which the robot reacts directly to its environment. For example, a
wall follower robot follows the wall and thus moves from one position to another. This is the
same in case of a firefighting robot in which the robot senses the fire using a flame sensor,
navigates itself towards the fire and thus sprays water to put off the fire. Autonomous robots
are capable of navigating on its own by sensing its surroundings and they need no guidance, for
example, the Autonomous Mobile Robot (AMR). Semi-automatic robots, on the other hand,
require guidance for navigating them along a pre-defined path or user’s defined direction. The
Autonomous Guided Vehicle (AGV) is a perfect example for a robot requiring guidance [7].

Article objective. The basic idea of why it was necessary to implement the simulation in
the environment was to show the steps needed to successfully master the environment. There
is a total of three different workplaces in the robot's workspace.

General overview of the system.

The work in this section involves the designing of the robot and the ball-collecting mecha-
nism. The design is performed on CATIA VS5 software in a simple way for representation of
the robot. Aluminium is the material of choice for the robot chassis due to its lightweight and
corrosive resistant properties. The robot consists of the chassis part on which it is built. The
special mechanism for collecting the balls from the surface of the tennis court is attached to the
front of the chassis. Once the robot navigates itself near the ball, the ball-collecting mechanism
does its job in retrieving it and stores it in the storage compartment located to the rear part of
the robot. The operation of the mechanism is analogous to the mechanism for the ball shooting
found in a tennis ball machine. It consists of two rolling wheels placed perpendicular to the
ground. The rolling wheels are placed at a distance which will be enough for a tennis ball to
pass through. The wheels are rotated in a direction opposite to each other by electric motors
and whenever the ball gets in contact with the rotating wheels it is forced inwards due to the
instantaneous velocity developed by the rotation of the wheels. This instantaneous velocity is
enough for the ball to reach the storage container where it gets projected in air due to the in-
clined path of its travel.

Storage compartment

Ball collecting
mechanism

Fig. 1. Annual procurement of industrial robots in the thousands

Localization of the robot is the initial and the most complex task in achieving the autono-
mous navigation of the robot. The robot has to locate itself in order to perform the path-tracking
and planned navigation in any given surroundings. The mission objective of the robot is made
possible with the localization of the robot in its environment. The position of the robot keeps
changing over time and so does an environment. Therefore, it is crucial for the robot to keep
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track of its movement and its surroundings throughout its workflow. The initial step of the
process is the self-localization of the robot which can be determined with the help of different
types of sensors. These sensors detect the surroundings and the data from these sensors are used
in determining the position of the robot. The robot keeps updating its location in a map when-
ever it manoeuvres on the ground so that the end point of the robot is attained efficiently. Once
the robot positioning is done, the robot can track the object and plans multiple paths to reach
its target and thus the autonomous navigation of the robot is performed [11].

The proposed method of self-localization of the robot can be achieved with the help of
sensors like optical encoders and LiDAR sensor. The positioning of the robot with the use of
optical encoders is called dead-reckoning system. This is an open-loop estimation of the posi-
tion of the robot in which the encoders are available for the control of the motor which in turn
provides the actual angular displacement of the wheels. The distance covered by the robot can
be determined with the help of rotary encoders and is given by,
counts

distance travelled = wheel circumference - —.
(number of counts per revolution)

However, errors may arise due to the surface roughness, mechanical tolerances or wheel
slip which gets incremented with time resulting in poor positioning of the robot. In a way to
overcome the errors in the position of the system, the data from LiDAR sensor can be used
along with the odometry data in a way to improve the localization of the system. The LiDAR
data uses the Time of Flight (ToF) where the emitted light beam from the sensor hits the surface
and is reflected back to the source. As the speed of light is known, the distance of the surface
from the source is obtained.
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Fig. 2. LiDAR principle [1]

Object detection and recognition is a vital task for the robot as it can be helpful in the detec-
tion of the target objects as well as the presence of obstacles on the robot’s path. The use of a
camera will not only help detecting objects, but also provide a vision for the system. The work-
ing is not attained in a single step but it involves a sequence of steps. The robot has to be trained
priorly with the object before it can be put to use. Additional care has to be taken while per-
forming the training of the object to the robot as the image of the object during training is stored
in the robot memory and it has to look for the object in the real-world environment. Improper
training will result in less efficient working of the robot as it will reduce the accuracy of the
object detection. The detection of tennis ball in a real tennis court is one of the challenging
tasks. The hindrances that pose a threat for the detection of the ball in the tennis court are a) the
ball located at a distance from the source will occupy less pixels b) some of the balls will be
located in blind spots and c) finally, there may be objects with similar shape and colour of the
tennis ball in the surroundings [10].

One of the common ways of detecting [8] the tennis ball is the using the algorithms based
on the geometric model of the ball. Some algorithms like Circle Hough Transform and Gradient
Vector based are used for detection of the ball based on its geometry. However, these techniques
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have a drawback — when the ball is located at some distance, it lacks a circular geometric model.
In a way to overcome the drawbacks of the geometry-based approach, learning-based detection
algorithm is proposed in this work. The proposed learning-based algorithm methods comprises
of two steps: a) Region of Interest (ROI) extraction and b) classification. Blob detection algo-
rithm can be used for extracting the region of interest from the camera image and a cascade
classifier based on the Local Binary Pattern (LBP) feature can be used for the classification
process. The object detection problem involves a lot more of computation process and it re-
quires additional microcontroller board with large computation power and memory. For this,
the Nvidia Jetson Nano is preferred to take over the computation process as the Arduino board
is not capable of performing the computations required for this process. OpenCV can be used
for the implementation of the ball detection process [9].

Conclusions. Thus, the design of four-wheeled mobile service robot with the ball collecting
mechanism, which can help the user with picking up balls from the tennis court is proposed.
The different operating modes of the robot are proposed for the effective work of the robot.
Self-localization of the robot can be achieved with the odometry and LiDAR data using sensor
fusion and the object detection is performed by OpenCV platform. The navigation of the robot
is explained with the implementation of the A* algorithm due to its short computation time for
determining the path of travel and also the ability to avoid the obstacles during its manoeuvring
in the tennis court. A semi-autonomous mobile robot is developed and its work is demonstrated
with the help of a smartphone, which can be implemented to the proposed above mobile service
robot for controlling its movement wirelessly. The working range of the robot is within the
sufficient distance, which allows the use of Bluetooth technology to transmit commands to the
robot.
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VIIK 621.865.8
Pyoonvg Anow, Cpuxanmx Mypanu
KOHCTPYKIIA POBOTA J1s1 3SBUPAHHSA M’AYIB

Aemomamu3zayis cepgichoi OisnbHOCMI NOCMYNOB0 NOWUPIOEMbCS HA Chepy CNOPMUBHO20 0ONAOHANHSL, WO 00380IAE AB-
momamu3zysamu pymunHi 0ii. ¥ yiti cmammi onucano KoHCmpyKyito poboma 0is 300py M A4i6 Ha MeHiCHOMY KOpMI.

Tlpoekmyesanna agmomamu3o8ano20 0OIAOHANHS € MYTbMUOUCYURTTHAPHUM 3A80aHHAM, WO 00 €OHYE KOHCMPYIOBAHHSL
waci poboma, mexanizmy, uwjo 8UKOHYE OCHOBHI PYHKYITL, pO3pOOKA HABI2AYIIHOT cucmeMy Ma CUCIMeMU MAWUHHO2O0 30D).

Icnye kinvka ananoeiunux munie pobomis, y AKUX NEPEadICHO BUKOPUCIIOBYIOMbCS KONICHT waci. Y natinpocmiwiux pobo-
mig iHmeneKxmyaibHa cucmema 30upants M’auie noseae auue y unaoko8omy nepemiujenui poboma HagKoI0 BUSHAUEHO20
npocmopy. Binvw dockonani ananoau onucytoms npocmip pyxy. Mexanizm 360py Ky1boK 8 0CHOBHOMY peanizyemuvCs 3a Mexa-
HIYHUM RPUHYUNOM. YHACTIOOK pi3HOMAHImMHOCI KOHCMPYKYIU cep8icho20 poboma 05 300py M auie y yill cmammi 06pano
wWaci 3 KOHKPEeMHUMU NApaAMempamu.

Y ecmammi posananymo ocnosni knowoei emanu npoekmyganus poboma 0ns 300py m’auie. 3a80anus pobomu nois2ac 8
Po3pobyi cepgictozo poboma, KOpUCHo20 O I00el, AKI 3aUMArOmMbCs MEHiCOM, OCKIIbKU 6OHU BUMPayaioms bazamo uacy,
30upatouu m’aui, poskudari no nonto. Lle maxooic smenwums sumpamu 3ycuiv 2pasgys. 3a60aKu Ybomy 6iH Modice binbuie 30ce-
peoumucs Ha ceoill menicHitl npakmuyi. 3anponoHo8ana KoHYenyis HOMUPUKOLiCHo20 MODiNbHO20 poboma Onisl 300py M A4ie
3 menicnoz2o kopny. Pobom 30amuuii 00 camocmitino2o ManespysanHs. Ynpaeninus pobomom modicHa 30iticHiosamu 6e30po-
moeo i3 3acmocyeanuam mexuonocii Bluetooth. Pobom ynpasenacmvcsa nnamoio mikpokonmponepa Arduino Uno R3 pasom 3
maxumu damuuxamu, sk LIDAR, ynompa3zgykoguii 0amuux, 0amyux weuokocmi, ingppauepoHuli 0amuux, cucmemoio xamep.
Jlamuuxu na podomi mModicyms UKOPUCMOBYBAMUCS OIsL NOWLYKY POOOMA, a GUAGTEHH MEHICHO20 M S14a MOJICHA 00CAMU 3d
00noMo2010 anzopummy eusenenHs od ‘ekmie na ocnosi OpenCV. 4 *.

Cmamms ¢ oensdoso-inghopmayitinoro.

Knrwouoei cnosa: wvomupuxonicuuii cepgichuti pobom, 06 ’€oHans 0amyuKie; pobom 0isi 30upanis M’ s14ie; MiKpOKOHMPO-
nep Arduino Uno R3; 6e30pomoge ynpasninna,; mexnonozis Bluetooth.
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