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Annotatsioon

Antud 10put66 eesmérgiks on luua tootav mudel tank, mis emuleeriks tdismoddus mehi-
tamata maismaasodiduki litkkumist ning baasfunktsioone. Antud t60 sisaldab endas antud

roboti ehitamist ning kokkupanekut, programmeerimist ning testimist.

Too esimeses peatiikis rdadgitakse tanki fiitisilisest ehitusest ning komponentidest, mida t66
kdigus kasutatakse. Selle peatiiki kédigus selgitatakse tiikkide valikust, mida valitud osad
endast kujutavad ning kuidas nad iliksteisega iihendatud on. Lisaks tuuakse vilja ka terve
stisteemi iildpilt. Lopetatakse peatiikk fiiiisiliste osadega seoses tekkinud probleemidega

ning kuidas neid lahendati.

Loputdo teises peatiikis rddgitakse roboti programmeerimisest. Teemadeks siinkohal on
valitud programmeerimiskeskond ning keeled ja iikshaaval ridgitakse 1dbi erinevate kom-
ponentide programmeerimiskdigud. Selles peatiikis radgitakse siisteemi juhtimissiisteemi,
sealhulgas mootorite, mitmete sisend-viljundite ning osadevahelise suhtluse kontrollist.

Lisaks tuuakse vilja ka programmeerimisel tekkinud vead ja parendused.

Loputdod viimases suuremas peatiikis kirjutatakse siisteemi testimisest. Testimine toimus
nii komponentide tasandil, kus testiti iksikuid osasid, kui ka terve siisteemina, kui koik
tihendatud olid. Siinkohal tuuakse vilja testimiste kdik ning nende kiigus vélja tulnud
vead ja koige 10puks rddgitakse ka, mida oleks voinud paremini teha ja mis edasiarendusi

vOimalik teha on.

To6 16puks valmis kaugjuhitav mudel tank, mis suudab emuleerida péris mehitamata
soiduki litkumist ning baasfunktsioone. Kuigi antud td6le on vdimalik teha mitmeid
edasiarendusi ning parandusi, on antud t606 kdigus valmis saanud robot voimeline tegema

sellele ette antud iilesandeid.

Loputoo on kirjutatud inglise keeles ning sisaldab teksti 28. lehekiiljel, 4 peatiikki, 13
joonist, O tabelit.

il



Abstract

The main aim of this thesis is to create a miniature version of an real life unmanned ground
vehicle. The goal of this mini-vehicle is to emulate the movements and basic functions
of the real thing. As a part of this, the thesis will cover the creating and assembly of the

system as well as the programming and testing of it.

The first chapter will cover the general assembly as well as the physical components of
the system. There is a small discussion on the choice of components and their general
characteristics. The connections between the parts is also brought out and the general
overview of the system is provided. The chapter ends with the problems regarding to the

physical components and the fixes made.

The second chapter discusses the programming portion of the system. The topics cover the
chosen development environment, languages and for each programmable component there
is also a overview on what was done. The chapter covers the control algorithm’s for the
motors, general input/output and the communication between components. There is also a

small discussion on the problems that arose and fixes made.

The last chapter covers the testing portion, which is done both on a component level as
well as a whole system. The testing process and the issues that arose are discussed and
how they were fixed. There is also information on what could be done better in the future

and what additions could be made.

As the end result, a remote controlled model tank was made, which is able to emulate an
real work unmanned vehicle’s movement and basic input/output systems. Although there
are plenty of improvements to be made, the robot is able to complete the tasks it is needed

to do.

The thesis is in English and contains 28 pages of text, 4 chapters, 13 figures, O tables.

il



uGv
I/O
USB

Ul
CAN
UDP
DCDC
12C

SPI
USART

PWM
LED
IDE
GPIO
IR

ID
HAL

List of abbreviations and terms

Unmanned Ground Vehicle
Input/Output

Universal Serial Bus

User Interface

Controller Area Network

User Datagram Protocol

Direct Current to Direct Current
Inter-Integrated Circuit

Serial Peripheral Interface

Universal Synchronous and Asynchronous Receiver-
Transmitter

Pulse Width Modulation

Light Emitting Diode

Independent Development Environment
General Purpose Input Output
Infra-Red

Identifier

Hardware Abstraction Layer
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Introduction

The following work covers the creation of an remote controlled mini-robot that mocks the
movement and behaviour of an existing unmanned ground vehicle. In the work are used
multiple components that will create the hardware basis for the robot. The paper will also
contain a programming part, where the robots behaviour will be de ned. All throughout
the thesis, the author will explain the process of physical creation of the Unmanned Ground
Vehicle, the programming and the testing of the system.

Background

The idea behind this work is to create a minimalist version of a UGV system. The
completed work would be for use indoors and in limited space, to use for testing various
parts of already existing system code and to teach new users about the UGV system through
physical emulation of the movement and feedback of said system.

The current original UGV is large and can be a bit frightening to use. Not to mention,
in order to learn to use the system, it is required to learn outdoors and go out to the test
tracks or into other pre-de ned areas. As such the weather can play quite a role in allowing
or disallowing these practices to happen, as, for example, rainy weather can be quite
off-putting, and as such an indoor variant would be quite welcome. The mini-tank version
would also allow an easy introduction into the use of the full-scale system and provide
encouragement to the future user.

Also the current introduction before using the full system is only to show the Ul mock,
without any systems connected and a brief introduction to the system. This mini-system
would also allow for something physical to use among the introductory part.

As for the testing part, the following work would allow for easier testing, as the current
procedure would is to go out and test the system out either in the garage on a stand or to
go out in the eld. For smaller tests, it is quite a bit of work. This system would provide
enough to test out the smaller parts needed to test and to perhaps provide some insight into
some of the issues that arise, all in the comfort of indoors of ce.



The end result would essentially be a system similar to the existing UGV, but on a much
smaller scale, in which one could just drop in the same or similar code to the current one.
The scope of this thesis will not go that far, however. Instead, the goal will be to make an
base version of this system, upon which the rest of the mini-tank will be built upon. This
will cover the main functions of movement, behaviour and connectivity, as well as some
smaller input-output.

It should be noted that this system, while it will be built from ground up, is not the rst
version. The version built before the one in the thesis is used as a base for the tank created
here, but it will be improved upon quite a bit. The differences between the systems will be
also discussed in the rst part of the thesis.

The goal and structure of this thesis

The main goal of this work is to create a small scale system that emulates the full-scale
UGV's movement and input-output switching. To accomplish this, the system must be rst
built and assembled, then programmed and tested. Thus the thesis will be divided into 3
main parts:

building and assembly of the system, which includes the selection, soldering and
connecting and making the necessary changes to the system,;
programming of the system

programming the control algorithm to operate the components on-board the
system including motor and 1/O control,

programming of the CAN emulation and communications.
testing of the system, rst with a regular controller connection and later on with the
operator interface, which requires changes to the programmed code, most prominent
requirement being the communication over the UDP connection.



1. Creation and assembly of the hardware

This chapter covers the creation and assembly of the physical portion of the system. It will
also explain the hardware differences between the rst and the currently discussed version
of the mini-tank.

1.1 Current solution and components analysis

As said in the introduction, there is already an existing solution, which is currently not in
use. The issue with said system is that, although it is at the moment more complete, it has
become a rather slowed down system thanks to its various components. This version of
the robot uses an Arduino Nano microcontroller board, which uses an 8-bit and 8 MHz
ATmega328 chip. Thus the processing power by now has become insuf cient to support
the rest of the system and is the main component that requires changing. While the existing
system currently has more components that are use-able than the end result of this robot
will have, then the currently built system will have more options for further development
going forward than the previous version does.

To create this system, there were multiple options available to use. When choosing the
components there were multiple criteria that were considered. This included physical
measurements to make sure that the components could be tted onto the system with
enough room for future additions. As such, with the microcontroller board as prime
example, quite a few components were rather limited in their choices.

There were, of course, other limitations as well. We needed to have a module to establish the
communications with the operator and microcontroller. Thus we had to look at something
that could run on a Linux system and have WIFI and USB connection capabilities, while
also not using up too much power.

The microcontroller also had to have better processing power, as the the Atmega328's
proved insuf cient. There were consideration made for various 16-bit controllers, but in
the end it was decided to make the jump straight to a 32-bit controller. The main reasoning
behind this was that since the 32-bit controllers were readily available and they provide
better speci cations, one of them would be chosen. Choosing a 32-bit controller with



enough processign power would also help future proof the system, at least up to some
extent.

With some components the situation was a lot simpler. The prime example in this case
being the voltage step converters, which are required to tone down the voltage given into
the other components. With these the only requirements were the possibility to turn the
voltage down to either 5 or 7-12 volts and to be small enough. Our chosen converters t
exactly into these criteria and were also readily available.

1.2 The chosen components of the system

The system includes multiple different components, including the STM32 microcontroller,
a Linux module, DCDC converters, a H-bridge and more. A lot of these components are
either similar or the same make and model as the components on old version this work is
based off of. However, there are a few differences in comparison.

Microcontroller: For the following work we use the STM32 microcontroller, which is
situated on a Maple Mini board. The STM32 is a 32-bit controller using the ARM32
Cortex M3 architecture. It has 34 input/output pins, some of which can be used for PWM,
analog I/O as well as for various types of communication, such as 12C, SPI and USART.[1]
Although the actual chip-set allows for use of CAN protocols, the chosen Maple Mini
board itself does not have a I/O port dedicated for this. The CAN pins on the STM32F103
are not directly connected to any of the pins on the Maple Mini board.To counter this the
USB communication capable pins will be used with a library, which will be discussed in
the programming section.

The board the controller is situated on, is, as said prior, a type of Maple Mini microcon-
troller board. It was one of the rst microcontroller boards made and available to hobbyists
and engineers. Although there are no original versions of this board made anymore, there
are quite a few, mostly Chinese, companies that create either similar or copied versions
of the board. The most common version of it is called a "Blue Pill." The version used in
during this thesis is however the clone by a Chinese company called Baite.[2]

One of the reasons for the use of the STM32 Microcontroller on the Maple Mini is because
of the need to save on space. Another reason is the use of 32-bit system as opposed to
the 8-bits on the rst version of the tank. The STM32 also provides a better clock speed
with 72 MHz instead of the 8 MHz on the Arduino of the rst version, giving a better
performance and allowing for faster processing.
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