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GENERAL CHARACTERISTICS OF THE THESIS

Relevance of research. Nowadays, one the most important and discussed issues all over
the world is the topic of environmental protection in the conditions of climate change and
global warming. Currently, people are actively looking for different ways of reducing the
level of pollutions in order to prevent possible catastrophic consequences. Among others,
one of the best solutions is to focus on the reduction of energy use.

One of the biggest consumers of energy is transportation industry, especially personal
transport like cars. According to the study made by the US Department of Transportation
"Average occupancy remains unchanged from 2009 to 2017" with an average of 1.54 people
staying in one car. At the same time for one route taxi this number varies between 20 and
40 people, for bus it is 30-150 people, for tram it is 30 - 250 people and subway train can
contain up to 1000 people at one time. Accordingly, it seems that the best kind of
transportation for the city is the subway. However, this is not always the case, because the
metro is effective only in big cities of the metropolitan level, and only in conjunction with
other modes of public transport. Besides, the construction and operation of metro branches
requires large investments, taking into the consideration that the distances between stops
should be large enough and finally, only the big city has enough population to fill subway
trains. Looking back to the figures mentioned above, it’s obvious that the second-most
efficient kind of transportation is tram. Thanks to the rail track, the tram can reach a
considerable length, which is not possible for the bus because of the geometric features of
the trajectory of turning. However, the construction of tracks and other infrastructure is quite
expensive and what is more, during the construction works causes damage both to the city's
transportation system and to businesses that are close to construction. Other disadvantages
of the tram are the noise and vibrations from its movement as well as its attachment to the
infrastructure. Noise and vibration are partially overcome by the rubber inserts in the wheels,
but because of the large mass that presses on the small contact area, the rubber quickly wears
out and needs replacement. Which in turn complicates and makes more expensive operation.
Besides, the mass and small contact area of the wheels have two other disadvantages, such
as high road pressure and the inability to climb steep climbs.

Buses and trolleybuses as kinds of public transportation fit good for the small town. But
both of them are not capable to provide with high passenger traffic.

With modern computer technology, it is possible to build a hybrid bus and tram. This
vehicle will have dimensions, geometric cornering and passenger tram capacity, as well as
the flexibility of use, simplicity and cheap operation of the bus. To accomplish this, it is
necessary to develop a computer system that controls the angle of rotation of the wheels of
each axle of the vehicle to simulate line or rail driving.

The purpose and objectives of the study. The purpose of the study is to develop
mathematical approach and respective software for a computer system to control the rotation
of all wheels of the vehicle in order to simulate ride on rails.

Achieving this goal requires the following tasks:

- Analyze key inputs for system operation.

- Develop a general scheme of the system.

- Justify the algorithmic support of the system’s operation.

- Investigate performance.



- Develop a prototype system.

The object of study is a neural network that controls the behavior of a vehicle.

The subject of study is the neural network, the behavior of the rail transport, the behavior
of the wheel transport, navigation systems, dead reckoning systems, trajectory building.

Scientific novelty of the obtained results:

- The use of a neural network to control the rotation of transport wheels according to a
given behavior is analyzed.

The practical significance of the results obtained.

An experienced computerized vehicle control system, after real testing and refinement,
involves its continued use in real vehicles.

Testing the results of the thesis.

The results of the master's thesis work were tested at international conferences:

VIII International Scientific and Technical Conference of Young Scientists and Students
"Actual Problems of Modern Technologies"

VIl Scientific and Technical Conference "Information Models, Systems and
Technologies”

Structure of work. The work consists of an explanatory note and a graphical part. The
explanatory note consists of an introduction, 3 parts, conclusions, a list of references and
appendices. Scope of work: explanatory note - sheet. A4 size, graphic part - 5 sheets Al.

MAIN CONTENT OF THE THESIS

The introduction substantiates the relevance and importance of this research and
provides a brief overview of the current state of the art in computerized vehicle control
systems. The main tasks that need to be solved in the master's thesis are described.

In chapter 1 «Analysis of the subject area of computerized vehicle control
systems» discusses computer systems integrated in the car, the levels of automation of the
vehicle, the difference between automated and autonomous vehicles. The computer systems
involved in steering the wheels of the vehicle are analyzed. Multi-unit systems and the
existing multi-section, all-wheel-drive vehicle that moves toward special road marking
through the streets of a Chinese city are also considered.

In chapter 2 «Analysis and research of vehicle computer steering systems»

Methods of obtaining and calculating coordinates are analyzed, and optimal input data
are selected. The neural network is considered as a vehicle control tool. The behavior of a
vehicle with only front, rear, steering, rear and all steered wheels is considered. Bezier
curves are considered as a basis for constructing a trajectory of motion.

In chapter 3 «Implementation of computer software for the vehicle computer
steering systems» the basic algorithm of the program operation and the initialization
process are described. A thought experiment was conducted on the implementation of a
neural network. According to the experiment, a neural network was developed and a
companion program was described. A training and test dataset for the neural network was
developed and its training and testing were conducted accordingly.

In chapter 4 «Rationale of economic efficiency» the expediency of carrying out
research works on this subject is shown and the expediency of using the proposed means is
economically substantiated. The cost and price of the research work have been calculated.



In chapter 5 «Occupational safety and health in emergency situations» discusses
the requirements for the protection of the work of specialists in the field of neural networks
when working with computer systems, these specialists include scientists, software
developers, users. This provided an adequate level of working conditions. Behavior in the
event of an emergency is also considered.

In chapter 6 «Ecology» discusses reduced energy consumption and energy savings.
Comparatively environmentally friendly use of bus and tram for transportation of 1000
passengers. And also the use of computer systems to process environmental information.

In the general conclusions about the thesis

CONCLUSIONS

In this thesis was research the mathematics and software of vehicle computer control
system:

1. Modern computer systems involved in vehicle control have been analyzed.
Various driver assistance systems have been considered to improve safety and facilitate
the routine process. Automation and levels of automation of driving from zero to full were
considered. Autonomous vehicle is found to be the car with the highest level of driving
automation. Various computerized vehicle steering systems have also been analyzed. An
example of the implementation of multi-unit system, with automatic control of the rotation
angle of the wheels of all vehicle axles in the form of a trackless tram was presented.

2. This thesis discusses how to obtain location information and how to process
it. Neural networks, perceptron and their application in the task were also considered. The
behavior of the vehicle under different rotary axle configurations was investigated.

3. Natural language processing hardware using neural networks has been
analyzed. Efficiency of use of tensor processors in comparison with traditional server
CPUs and GPU was investigated. Also, the structure of the tensor processor which is
intended for the training tasks of neural networks, was considered.

4, In this thesis explores and describes the algorithm for operating a vehicle
control program. The logic and construction of the corresponding neural network were
described. A training model for network training has been developed. Successful training
and network performance was checked.

5. The costs of the study were also estimated and justified. The normative acts
for the working month are considered. And the environmental aspects of the work were
analyzed. Further development of the project will be the implementation of a layout
managed by Raspberry Pi. Neural network training based on real data, with changes to the
training algorithm. Ideally seeking investors and implementing a full-scale model.
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Kirouosi ciiosa: HEMPOHHA MEPEJXA, TPAHCIIOPTHHMI 3ACIB, [TOBEJIIHKA,
KPUBA BE3b€, TPAECKTOPIS.

JlumiomMHy po0oTa Marictpa MPHUCBIYEHO CTBOPEHHIO KOMIT IOTEPHOI CHUCTEMHU
KEpyBaHHSI MOBOPOTOM BCiX KOJIIC TPAHCIOPTHOTO 3aco0y, 3TriAHO 3aJaHOl MOBEIIHKH.
Po3rissHyTO KOMIT'IOTEpHI CHCTEMH aBTOMAaTH3allii KepyBaHHS TPAHCIOPTHUM 3ac000M,
piBHI aBTOMaru3auii. Po3risHyTo 1 mIpoaHadi30BaHO CHUCTEMHU 3aisiHI Y KepyBaHHI
MOBOPOTOM KOJIIC TPAaHCIIOPTHOTO 3ac00y, a TAKOK aKTyaJlbHI TPAHCIOPTHI 3ac00H 13 yciMa
KEPOBAaHMMH KOJIECAMH.

[IpoananizoBaHO MOBEAIHKY TPAaHCHOPTHHUX 3acO0IB, IO PyXalOThCs MO pelkax Ta
3BUYAHUX JOPOKHIX aBTOMOOLTIB, aBTOOYCIB Ta BaHTaXIBOK 13 PI3HOI KUIBKICTIO
nOBOpOTHUX oceil. Takox po3risHyTo KpuBi be3pe misi moOyAoBH TpaekTopii pyxy
TpaHCHOPTHOTO 3aco0y. Po3misiHyTo Ta mpoaHali30BaHO amapatHe 3a0e3neueHHs
HEUPOHHUX MEPEK.

Po3po06reno, mpoBeeHO HaBUaHHS Ta MPOTECTOBAHO HEMPOHHY MEPEXKY, 1110 KEPYE BCiMa
OCSIMH TPAHCIIOPTHOTO 3aco0y 3aJJjisi peaiisailii MOBEIIHKH pyXy mo Koumii. Takox
PO3pOOIIEHO Ta OMMCAHO ANTOPUTM Ta JIOTIKY BU3HAUEHHS MMOYATKOBUX KOOPAWHAT OCel Ta
TPAEKTOPIi pyXy TPaHCIOPTHOTO 3ac00y.

ANNOTATION

Mathematical support and software of vehicle computer control system // Forys Ivan
Anatoliyovych // Ternopil Ivan Puluj National Technical University, Faculty of Computer
Information Systems and software engineering, group
Clm —61// Ternopil, 2019 // p. — 105, fig. — 35, tab. — 6, Sheets A1 — 10, Add. — 6, Ref. —
42,

Key words: NEURAL NETWORK, VEHICLE, BEHAVIOR, BEZIER CURVE,
TRAJECTORY.



The Master's Thesis is devoted to the creation of a computer system to control the rotation
of all wheels of the vehicle, according to a given behavior. Computer control systems for
vehicle control, levels of automation are considered. The systems involved in the steering
of the wheels of a vehicle are considered and analyzed as well as the actual vehicles with all
the steered wheels.

The behavior of rail vehicles and conventional road vehicles, buses and lorries with
different number of axles is analyzed. Bezier curves are also considered to construct the
trajectory of the vehicle. The hardware of neural networks is considered and analyzed.

A neural network that manages all axes of the vehicle to implement track behavior has
been designed, trained and tested. The algorithm and logic for determining the initial
coordinates of the axes and the trajectory of the vehicle are also developed and described.



