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pályázatitámogatásból valósult meg.

28th-30th January, 2022

Sopron, Hungary

1



DOSZ MITO WSPS 8

Published by

Section of Mathematical and Information Sciences

Association of Hungarian PhD and DLA Students

President

Anett Fekete

Printing

ISBN 978-615-81991-7-9

© Association of Hungarian PhD and DLA Students,

2022

2



DOSZ MITO WSPS 8

Contents

Foreword 5

Introduction 7

Travel information 8

Lecturers 9

Lecture details 12

Program 18
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BÁN Róbert, VALASEK Gábor : Higher order

interpolation of heightmaps 22
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OLÁH Norbert, BERTÓK Csanád, HUSZTI Andrea ,
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Foreword

Dear Participant,

On behalf of the Section of Mathematical and Information Sciences of

the Association of Hungarian PhD and DLA Students, it gives me great

pleasure to welcome you to Sopron on the occasion of the 8th Winter

School of PhD Students in Informatics and Mathematics. Our work-

shop aims to expand the multidisciplinary scientific network of PhD

students and improve their professional skills via an intensive course.

The scientific program includes academic and industrial lectures ac-

companied by an intensive and practical course on cloud-native tech-

nologies. Furthermore, a poster session creates an opportunity for the

participants to present their results in various fields of information tech-

nology and mathematics.

Let me take this opportunity to wish you an exciting technical meeting

at the University of Sopron and a pleasant stay in the beautiful city of

Sopron.

Sopron, January 2022

Anett Fekete

Section of Mathematical and Information Sciences

Association of Hungarian PhD and DLA Students
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Introduction of the Scientific Section
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Introduction

The Section of Mathematical and Information Sciences of the Associ-

ation of Hungarian PhD and DLA Students was established in June

2013. The members of the section come from different doctoral schools

in information technology and mathematics across the country. The

main goal of the section is to support the PhD students with informa-

tion about conferences, scholarship opportunities and workshops.
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Travel information

The WSPS 8 will be held at University of Sopron.

Online map with POIs.
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Lecturers

Zoltán Gera started his research in dig-

ital signal processing, but he got caught

in psychoacoustics, real-time and embed-

ded systems, and all sorts of low-level HW

and OS problems. Although he left ELTE

to pursue an industrial carrier, he never

stopped researching and produced papers

and even a US Patent along the way. He

also took part in the 1st four critical years

of two different Hungarian startups where

he was called the “Pope of CI” or the

“Open-Source Evangelist”.

Zoltán is currently leading industrial and

research projects on the university besides

teaching. He is still active in music analysis

research, compiler technologies, automa-

tion, and finding a way to transform so-

ciety into digital sovereignty.
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Dr. Norbert Pataki defended his PhD

thesis in 2013 at the Eötvös Loránd Uni-

versity, Budapest. In 2020, he became

a habilitated associate professor. He has

been teaching C++ programming lan-

guage courses at the university since 2005.

In addition, he also participates in teaching

C programming and software project tools.

His main research areas are C++, pro-

gramming languages, static analysis, and

DevOps.

Ádám Révész has been working with

container technologies since 2015, from

container-based development environ-

ments to mission critical global service

solutions and system architectures. He

began his container-based research in

2017 and currently experiments on his

own cloud-agnostic distributed computing

platform. He likes to consider himself a

DevOps evangelist in both engineering

and scientific fields. He can be caught

lecturing various courses at ELTE, lately

Software Technologies and C++.
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Dr. Benedek Kovács joined Ericsson in

2005 as a software developer and tester.

Today his work focuses on 5G networks,

edge computing, and distributed cloud, co-

ordinating global engineering projects. He

holds an M.Sc. in information engineering

and a Ph.D. in mathematics from the Bu-

dapest University of Technology and Eco-

nomics (BME) in Hungary.
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Lecture details

Cloud, how do we got here?

(Zoltán Gera, Eötvös Loránd University)

Recently, cloud technologies are popping up everywhere in IT, and

many companies take these as the magic bullet to solve all of their IT

needs. However, more knowledgeable actors also started to see the flip

side of the coin. Some started to become more willing to pay to stay out

of the cloud, while others developed an in-house cloud infrastructure.

There are benefits and drawbacks of these technologies. There are

also different players having different needs on different levels of the

infrastructure. Moreover, there is also BigTech marketing bullshit out

there. So what technologies make up the cloud infrastructure, and

which of them are helpful for our own business?

We will follow a bottom-up approach towards cloud technologies, ex-

ploring their fundamental technological enablers and the reasons why

specific solutions are widely employed today. We will also try to shed

light on the differences between open-source and proprietary solutions

and their relationship to show the complete palette. This lecture can-

not be complete given the vast amount of data it could cover, so we

will try to focus on general things while being flexible regarding the

exact details and examples mentioned based on the live feedback of the

audience.
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Container Technologies in Services Realm

(Dr. Norbert Pataki, Eötvös Loránd University)

The latest trending business standard is microservices architecture which

for most cases goes hand-in-hand with containerized solutions. What

is the core of this emerging technology? Container technology often

gets compared to virtual machines as in some interpretations, it gets

listed as virtualization technology. While that comparison points out

key differences, it is also worth considering to inspect it alongside other

process isolation technologies. What makes it portable and scalable?

What other potentials does it unlock for us? What tools do we have

for development?

How can containers be orchestrated? We have to think about mul-

tiple types of resources to serve, connect, and scale containers and

preserve their application state. For such purposes, Kubernetes has

all the resource types, and even more, unlocking the flexibility enabled

Kubernetes to become the industrial standard container orchestration

system.

How can we package our solutions in a sane way? All these resources

for all services have their lifecycle and development lifecycle, and both

have to be managed. For managing complex solutions, multiple tools

are available. Custom resource types can be created combining other

resource types, and operators can be created to manage multiple re-

sources on call, packages of resource templates can be built and in-

stalled to clusters. Of course, combinations of these tools can also be

applied, matching specific needs.

We will answer all these questions and discuss all these topics while

also uncovering the background of some of the fanciest cloud products

along the way.
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Image Creation and Local Development

Best Practices

(Ádám Révész, Eötvös Loránd University)

When talking about containerization and container technologies, most

of the credit goes to the ease of shipping products in containers, the

lowered costs of operation and maintenance, the unification of environ-

ments where the application - the product runs. While all that is true,

the unification, low footprint, and compactness of such technologies

pay off hugely on development stages as well. The ease of describing

and packaging development or experimental environments goes a long

way. On the receiving end, it has never been easier to replicate such

environments and try out tools, run experiments packed into container

images, followed with descriptors of their exact setup.

At this workshop, we use nothing but Docker CLI tools and an editor

to try out different applications, such as databases, web servers, even a

Haskell compiler, without installing any of these on the host machine

polluting all of our system- and user configurations.

We start developing a new message board web application with all of

it’s components while creating local build and test environments that

are easy to replicate. By the end, we are going to have unified multi-

stage container image builds for our services which can be shared among

peer developers and CI systems. These images are going to comply with

container image principles and the best practices we discuss.

14
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Container Orchestration with Kubernetes

(Ádám Révész, Eötvös Loránd University)

Packaging applications into containers is not enough for a scalable,

replicable production environment for services. For managing contain-

ers over multi-node cluster(s), an orchestrator is needed.

At this workshop, we will discover the capabilities of the Kubernetes

container orchestrator for deploying, serving, and scaling applications

throughout the message board application started at the previous ses-

sion. We solve challenges of container orchestration such as container

lifecycle management, networking, service discovery, and persistent vol-

ume management.

By the end of this session, we are going to have all the Kubernetes

resource descriptors needed for the message board application and the

know-how of managing them through kubectl (CLI tool). The de-

veloped urge to template all these resources, making them easier to

manage, is normal.
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Kubernetes Resource Templating and

Package Management with Helm

(Ádám Révész, Eötvös Loránd University)

As the complexity of a software solution or even resources needed for

a single component grows, the need for templating and package man-

agement emerges.

At this session, we try out Helm for such purposes. We create tem-

plates and packages for our software components of the message board

application while utilizing them in our solution-level package in com-

bination with publicly available packages for the rest. Since Helm is

not just a templating engine but a package manager, we explore the

features and pitfalls of it’s deployment time flexibility. While observ-

ing the declarative nature of Helm charts, we discuss scenarios of more

complex systems, scenarios where alternatives of Helm emerge.

By the end of this session, we will understand the challenges and so-

lutions of creating Helm templates and packages for Kubernetes re-

sources.
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Edge Computing and 5G

(Dr. Benedek Kovács, Ericsson)

5G and edge computing are opening a world of new revenue opportuni-

ties across manufacturing, transport, gaming, and more. Edge comput-

ing in telecom, often referred to as Mobile Edge Computing, MEC, or

Multi-Access Edge Computing, provides execution resources (compute

and storage) for applications with networking close to the end users,

typically within or at the boundary of operator networks. Edge com-

puting can also be placed at enterprise premises, such as inside factory

buildings, homes, and vehicles, including trains, planes, and private

cars. The edge infrastructure can be managed or hosted by communi-

cation service providers or other types of service providers. Several use

cases require various applications to be deployed at different sites. In

such scenarios, a distributed cloud is useful, which can be seen as an

execution environment for applications over multiple sites, including

connectivity managed as one solution. The main benefits edge solu-

tions provide low latency, high bandwidth, device processing, and data

offload as well as trusted computing and storage. [1]

In this talk, the architecture of mobile networks will be introduced,

describing why edge computing is required to fulfill the promise of 5G

and provide low latency communication for applications. We will dis-

cuss the main use cases and also how the mobile telecommunication

and cloud computing value chains disrupt the market of mobile appli-

cations. Then, architecture diagrams about edge computing will be

introduced, appointing several possible configurations and setups and

discussing technical questions that should be answered to deploy the

solution. Finally, use cases and hot topics around the use cases will

be introduced to inspire research questions. The talk will also make a

brief lookout for 6G.

[1] https://www.ericsson.com/en/edge-computing
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Program

8th Winter School of PhD Students in Informatics and

Mathematics

Sopron, University of Sopron

28th-30th January, 2022

Day 1 - Friday, January 28, 2022

14:00 – 15:00 Registration

University

15:00 – 15:30 Opening Ceremony

University

15:30 – 17:00 Cloud, how do we got here?

Zoltán Gera, ELTE

University

17:00 – 17:20 Coffee Break

University

17:20 – 19:00 Poster section

University

19:30 – 21:30 Gala Dinner

Fehér Rózsa Étterem
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Day 2 - Saturday, January 29, 2022

7:00 – 9:00 Breakfast

Accomodation

9:00 – 10:30 Container Technologies in Services Realm

Dr. Norbert Pataki, ELTE

University

10:30 – 10:50 Coffee Break

University

10:50 – 12:20 Image Creation and Local Development Best Practices

Ádám Révész, ELTE

University

12:40 – 13:50 Lunch

Fehér Rózsa Étterem

13:50 – 15:30 Cultural Program

Sightseeing

15:30 – 17:00 Container Orchestration with Kubernetes

Ádám Révész, ELTE

University

17:00 – 17:20 Coffee Break

University

17:20 – 18:50 Kubernetes Resource Templating and

Package Management with Helm

Ádám Révész, ELTE

University

19:20 – 20:20 Dinner

Fehér Rózsa Étterem
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Day 3 - Sunday, January 30, 2022

7:00 – 9:00 Breakfast

Accomodation

9:00 – 10:30 Cultural Program

Erdő Háza

10:30 – 13:00 Edge Computing and 5G

Dr. Benedek Kovács, Ericsson

University

13:00 – 14:00 Lunch

Fehér Rózsa Étterem
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Approximate natural ellipse

parametrization

BÁLINT, Csaba1

1 Eötvös Loránd University, Faculty of Informatics

Natural, or arc-length parametrization of curves is a special parametric

representation that traverses the shape with unit speed. This allows

uniform sampling of free-form geometries, which also enables conve-

nient manipulation of functions defined on the shape. Even though

natural parametrization possesses many favorable properties, it is not

a feasible representation in practice as Farouki and Sakkalis [1] showed

that it is not possible to parametrize a plane curve as a rational poly-

nomial of its arc-length, except for the straight line. Nevertheless, it

is possible to obtain approximate natural parametrizations that are

exact up to machine precision. In this paper, we investigate such a

parametrization of ellipses using a Chebyshev framework [2].

[1] Farouki, R. T., Sakkalis, T., Rational space curves are not “unit

speed”, Computer Aided Geometric Design Vol. 24 (4)(2007),

238–240.

[2] Driscoll, T. A., Hale, N., Trefethen, L. N., Chebfun Guide,

Pafnuty Publications. Oxford (2014)

Supported by the ÚNKP-21-3 New National Excellence

Program of the Ministry for Innovation and Technology.

The project has been supported by the European Union,

co-financed by the European Social Fund

(EFOP-3.6.3-VEKOP-16-2017-00001).
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Higher order interpolation of

heightmaps

BÁN Róbert1, VALASEK Gábor1

1 Eötvös Loránd University, Faculty of Informatics

Heightmaps are ubiquitous in real-time computer graphics. The height-

map is a real-valued function over a two-dimensional domain, describ-

ing geometric detail on an underlying coarser surface that is usually

encoded into a texture. Many computer graphics effects are based on

it. Displacement mapping uses the heightmap to determine the posi-

tions of a fine vertex grid. In contrast, parallax mapping renders the

coarser surface but adjusts the lighting with the help of the heightmap.

We aim to improve the quality of the reconstructed function by incor-

porating the gradient of the original function into the sampling proce-

dure. The usual representation consists of simple height values stored

on a regular grid. Then upon usage, bilinear filtering is applied. We,

however, save the partial derivatives alongside the height values and

use Hermite interpolation between the samples. This guarantees C1-

continuity instead of the C0-continuity of bilinear filtering. The addi-

tional storage cost of the derivatives is mitigated because we can lower

the required resolution compared to traditional heightmaps due to the

higher accuracy of Hermite interpolation. Additionally, the derivatives

can be easily calculated from surface normals which are usually already

stored for rendering and therefore can lower the additional storage cost

to zero.

The first author was supported by the ÚNKP-21-3 New National Excel-

lence Program of the Ministry for Innovation and Technology from the

source of the National Research, Development and Innovation Fund.

We would like to thank Visual Concepts for providing the AMD GPU

used in the tests.
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Error detection of railroad infrastructure

in LiDAR point clouds

CSERÉP Máté1, DEMJÁN Adalbert1, MAYER Friderika1,

TÁBORI Balázs1, HUDOBA Péter1

1 Eötvös Loránd University, Faculty of Informatics

Railroad transportation is one of the most popular methods both for

passenger travels and cargo shipment. Public railroad transportation

provides annually around 8 billion unlinked passenger trips and over

400 billion passenger-kilometres in the EU, together with around 390

billion tonne-kilometres in railway freight transport [1,2]. Monitoring

the condition of railway infrastructure is essential for maintaining safety

standards and preventing accidents. The regular inspections required

for this task are still typically carried out in many countries with costly

and time-consuming on-site human inspections. LiDAR point clouds

collected by mobile laser scanning (MLS) already proved to be suitable

for recognizing important railroad infrastructure elements [3,4], such as

cables and the rail tracks. However, the computational requirement for

processing large data sets like these often extremely dense point clouds

is still a challenge nowadays, resulting in longer execution time than

practically applicable.

In our research, based on our previous work [5], we have implemented

and comparatively analyzed railroad fragmentation and object segmen-

tation algorithms with the focus on robustness and high effectiveness:

prioritizing automatization and prerequisite reduction (e.g. the spatial

relationship between the position of the railway track and the overhead

contact line). These aspects also enables the easy parallelization for

the processing of larger railroad segments.

Following the successful recognition of the cables and rails, the auto-

mated detection of possible errors and anomalies in the railroad infras-

tructure and its surrounding can be evaluated. Typical issues could be

i) the improper height of overhead contact cable, ii) the horizontal de-
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viation of the cables, iii) the collision detection in the clearance gauge

(e.g close vegetation), iv) the deformation of the railway bedding or v)

the sinking of the railway sleepers.

[1] EuroStat, Railway passenger transport statistics, 2021.

[2] EuroStat, Railway freight transport statistics, 2021.

[3] Arastounia, M., Automated recognition of railroad infrastructure

in rural areas from LiDAR data, Remote Sensing, Vol. 7 (11),

14916–14938, 2015.

[4] Arastounia, M., An Enhanced Algorithm for Concurrent

Recognition of Rail Tracks and Power Cables from Terrestrial and

Airborne LiDAR Point Clouds, Infrastructures, Vol. 2 (2), art. 8,

2017.

[5] Cserép, M., Hudoba, P., Vincellér, Z., Robust Railroad Cable

Detection in Rural Areas from MLS Point Clouds, Free and Open

Source Software for Geospatial Conference Proceedings, Vol. 18,

art. 2, 2018.

”Application Domain Specific Highly Reliable IT Solutions” project has

been implemented with the support provided from the National Research,

Development and Innovation Fund of Hungary, financed under the The-

matic Excellence Programme TKP2020-NKA-06 (National Challenges

Subprogramme) funding scheme.
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Exploring developer expertise in

software projects based on Git and project

hosting systems

FEKETE Anett1

1 Eötvös Loránd University, Faculty of Informatics

Developer expertise in a project can be defined as a programmer’s

knowledge and competences in the software [1]. Expertise consists of

active and passive parts: the developer might know the structure of

a source code component in detail (actual classes, methods, objects,

etc.), while they may only the purposes of another without knowing

details. Contribution to parts of a software results in deeper knowl-

edge which can be traced back by mining the version control - git -

repository [2]. However, apart from actually written code, the develop-

ment environment and development process of the software also carries

important information about expertise. This data can be acquired from

the project hosting system of the software, e.g. GitHub. In this poster,

I introduce the competence plugin and the project hosting plugin of

CodeCompass which serve as tools to measure and quantify develop-

ers’ expertise in a software project.

[1] Dey, T., Karnauch, A., Mockus, A., Representation of developer

expertise in open source software, 2021 IEEE/ACM 43rd

International Conference on Software Engineering (ICSE) (2021),

995-1007. IEEE.

[2] Fekete, A., Cserép, M., Porkoláb, Z., Measuring Developers’

Expertise Based on Version Control Data. In 2021 44th

International Convention on Information, Communication and

Electronic Technology (MIPRO) (2021) 1607-1612. IEEE.
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Prepared with the professional support of the Doctoral Student Scholar-

ship Program of the Co-operative Doctoral Program of the Ministry of

Innovation and Technology financed from the National Research, De-

velopment and Innovation Fund.
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Pose Estimation for Vehicle-mounted

Cameras via Horizontal and Vertical

Planes

GÁL István Gergő1, BARÁTH Dániel2,3,4,

HAJDER Levente1

1 Eötvös Loránd University, Faculty of Informatics

2 VRG, Department of Cybernetics, Czech Technical

University in Prague

3 MPLab, SZTAKI, Budapest

4 Department of Computer Science, ETH Zurich

We propose novel solvers for estimating the ego-motion of a calibrated

camera mounted to a moving vehicle from a single affine correspondence

via recovering special homographies[1]. For the first, second and third

classes of solvers, the sought plane is expected to be perpendicular to

one of the camera axes. For the fourth class, the plane is orthogonal to

the ground with unknown normal, e.g., it is a building facade. All meth-

ods are solved via a linear system with a small coefficient matrix, thus,

being extremely efficient. Both the minimal and over-determined cases

can be solved by the proposed solvers. They are tested on synthetic

data and on publicly available real-world datasets. The novel methods

are more accurate or comparable to the traditional algorithms and are

faster when included in state-of-the-art robust estimators.

[1] Gal, I.G., Barath, D. and Hajder, L., Pose Estimation for

Vehicle-mounted Cameras via Horizontal and Vertical Planes. In

2021 ICRA (pp. 7620-7626)

The Project is supported by the Hungarian Government and co-financed

by the European Social Fund.(EFOP-3.6.3-VEKOP-16-2017-00001).

27



DOSZ MITO WSPS 8

Distributed cognitive architecture for

robotic and cyber-physical systems

HAJDU Csaba1, CSAPO Ádám1

1 University of Győr

Robotic and cyber-physical systems received prominent attention in

recent technical and cognitive research. With the appearance of so-

cial robots and autonomous vehicles, the cognitive and autonomous

capabilities of such agents became particularly important. Modern

widespread solutions, like Autoware.AI [1] and other frameworks based

on top of machine-to-machine communication frameworks (such as the

Robot Operating System 2 - ROS 2 [2]) are designed as distributed

architectures of reusable computational graphs. Each program in this

graph is associated with a specific task (e.g., motion planning, percep-

tion, and software drivers). On the other hand, the control and su-

pervision of distributed systems are typically difficult, making human

interaction and verification cumbersome [3].

Based on our previous experience with widespread robotic frameworks,

our approach focuses on providing a group of unique building blocks

that facilitate the real-time, brain-in-the-loop control of distributed

robotic systems. To provide a solid graph-based model for this de-

scription, the metamodel of this architecture is based on Eclipse Mod-

eling Framework [4], enabling to use of Eclipse-based technologies (e.g.,

Xtext). The connectionist paradigm [5] and the elementary results of

cognitive infocommunications [6][7] inspired the classification and the

relations of the building blocks associated with the architecture. Each

building block realizes an interchangeable cognitive interface provid-

ing channel interfaces for intra-cognitive (e.g., between other robots)

and inter-cognitive (i.e., particularly between human actors) to enhance

communication. The channel format is provided with the transforma-

tion of the subgraph of the instance network to a proper format. The

main types of the architecture nodes are semantic description (e.g.,
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kinematic tree representation), arbiter (communication control of com-

ponents, goal definition), perception (environment representation of sur-

rounding objects and obstacles), and motoric (motion-planning and

actuator trajectory generation) nodes.

A proof of concept instance was created to demonstrate the basic capa-

bilities of our architecture. The architecture contains a pose detection

perception node in this setup, which updates the detected state in an

associated kinematic graph representation. This graph representation

is used as the basis of inter-cognitive communication to visualize cog-

nitive network elements in a virtual reality tool (MaxWhere [8]) and

communicate with other agents in the network (in our example, a small

LEGO EV3 robot).

[1] Shinpei Kato, Shota Tokunaga, Yura Maruyama, S. Maeda, M.

Hirabayashi, Y. Kitsukawa, A. Monrroy, T. Ando, Y. Fujii, and T.

Azumi. Autoware on Board: Enabling Autonomous Vehicles with

Embedded Systems. In 2018 ACM/IEEE 9th International

Conference on Cyber-Physical Systems (ICCPS), pages 287–296,

April 2018.

[2] Yuya Maruyama, Shinpei Kato, and Takuya Azumi. Exploring the

performance of ROS2. In Proceedings of the 13th ACM SIGBED

International Conference on Embedded Software (EMSOFT),

pages 1–10, 2016.

[3] Caitie McCaffrey. The Verification of a Distributed System. Com-

mun. ACM, 59(2):52–55, 2016. Place: New York, NY, USA Pub-

lisher: Association for Computing Machinery.

[4] David Steinberg, Frank Budinsky, Marcelo Paternostro, and Ed

Merks. EMF: Eclipse Modeling Framework 2.0. Addison-Wesley

Professional, 2nd edition, 2009.
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[5] David E. Rumelhart, James L. McClelland, and CORPORATE

PDP Research Group, editors. Parallel Distributed Processing:

Explorations in the Microstructure of Cognition, Vol. 1:

Foundations. MIT Press, Cambridge, MA, USA, 1986.

[6] Péter Baranyi, Ádám Csapó, and Gyula Sallai. Cognitive

Infocom- munications (CogInfoCom). Springer Publishing

Company, Incor- porated, 1st edition, 2015.

[7] Péter Baranyi and Ádám Csapó. Definition and Synergies of Cog-

nitive Infocommunications. Acta Polytechnica Hungarica, 9:67–83,

January 2012.

[8] Ádám Csapó, Ildikó Horváth, Péter Galambos, and Péter Baranyi.

VR as a medium of communication: from memory palaces to com-

prehensive memory management. In 2018 9th IEEE International

Conference on Cognitive Infocommunications (CogInfoCom),

pages 000389–000394. IEEE, 2018.
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Measuring traffic flow using a drone
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Measurement technology has evolved a lot in the last decade. Just

think of the measuring devices that have undergone tremendous de-

velopment. The measurement options have also changed, as it was

unthinkable 20 years ago to perform such simple and extensive mea-

surements with unmanned aerial vehicles (UAVs) with basketball size.

In this article, we review the measurements for which drones are used

today, and describe the steps involved in the measurement of the traffic

flow of a circular concept in Kecskemét, which is closely related to our

research. It is well known in the scientific world that all research is

based on measurement and the evaluation of measured results. This

can be aided by a drone equipped with a small high-resolution camera

that can float for nearly 25-30 minutes on a rechargeable battery or

track an observed creature/object at speeds of up to 80 km/h over the

area to be examined. Collecting data using this method is efficient,

flexible, simple, and low cost. The recordings are easy to archive and

can even be used multiple times for different research [1].

[1] Medgyes, Krisztián ; Kovács, Tamás - Sensor networks in

transport systems research review and jam classification (In:

Péter, Hudoba; Flóra, Hajdu 6th Winter School of PhD Students

in Informatics and Mathematics, Budapest, Magyarország :

Section of Mathematical and Information Sciences Association of

Hungarian PhD and DLA Students (2019) pp. 26-27. , 2 p.)
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Nowadays, several distributed systems are applied (cloud, fog) which

consist of multiple, autonomous resources and communicate through a

network. These systems are popular, however, have to face many secu-

rity challenges. One of the most significant challenges is the secure user

authentication. If it becomes breached, confidentiality and integrity of

the data or services may be compromised. The most widespread solu-

tion for entity authentication is the password-based scheme. It is easy

to use and deploy. During password registration typically users cre-

ate or activate their account along with their password through their

verification email, and service providers are authenticated based on

their SSL/TLS certificate. We propose a password registration scheme

based on identity-based cryptography [1], i.e. both the user and the

service provider are authenticated by their short-lived identity-based

secret key. For secure storage a bilinear map with a salt is applied,

therefore in case of an offline attack the adversary is forced to calculate

a computationally expensive bilinear map for each password candidate

and salt that slows down the attack.

[1] Shamir, Adi. ”Identity-based cryptosystems and signature

schemes.” Workshop on the theory and application of

cryptographic techniques. Springer, Berlin, Heidelberg, 1984.
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An implicit surface is defined as an isosurface of a scalar-valued function

(f(x, y, z) = 0) on the 3-dimensional space. Regular surfaces (planes,

spheres, cylinders, etc.) in Computer-Aided Design are usually rep-

resented in implicit form, however, they are rarely used in free-form

modeling. This is due to various difficulties, like singularities, self-

intersections and disconnected parts, which are harder to avoid in case

of high-degree implicit surfaces. However, they are preferable to an-

other set of operations like ray tracing, point classification and approx-

imation.

The approach presented in this work and in our previous papers [2,3]

is to build complex surfaces from locally defined I-patches [1], each de-

fined on just a partition of the 3D space. This is demonstrated through

multiple modeling case studies.

[1] T. Várady, P. Benkő, G. Kós, and A. Rockwood. Implicit surfaces

revisited — I-patches. In Geometric Modelling, pages 323–335.

Springer, 2001.

[2] Á. Sipos, T. Várady, P. Salvi, and M. Vaitkus. Multi-sided implicit

surfacing with I-patches. Computers & Graphics, 90:29—42, 2020.

[3] Á. Sipos, T. Várady, and P. Salvi. Approximating triangular

meshes by implicit, multi-sided surfaces. Computer-Aided Design

and Applications, 19 (accepted), 2022.
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Our work revisits the image-based object recognition problem in a

formerly-published camera-LiDAR calibration method [1] to improve

the accuracy of this part in the pipeline. The calibration target object

is a sphere; hence, the main goal is to find the elliptical projection in

the image and the 3D sphere center itself. The original method approx-

imates with circles to reduce the minimum required ellipse edge points

from five to three. This approach is reasonable because the ratio of the

ellipse axes is close to one, i.e. similar to a circle. However, this ratio

changes if the sphere projection appears further from the optical axis.

Therefore, the circular approximation is inappropriate, especially con-

sidering a wide field of view. We propose a 3-point ellipse and sphere

estimation method, eliminating the minimal circle fitting step. The

unique properties of the scene allow describing two limitations to the

ellipse parameters. This new method renders the calibration more ro-

bust in any camera model.

[1] Toth, T., Pusztai, Z., Hajder, L., Automatic LiDAR-Camera

Calibration of Extrinsic Parameters Using a Spherical Target,

2020 IEEE International Conference on Robotics and Automation

(ICRA), (2020), 8580-8586.
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