Studijni plan
Nazev planu: Cybernetics and Robotics

Soudgast CVUT (fakulta/Gstav/dalsi): Fakulta elektrotechnicka
Katedra:

Obor studia, garantovany katedrou: Uvodni stranka

Garant oboru studia.:

Program studia: Cybernetics and Robotics

Typ studia: Navazujici magisterské prezenéni

Pfedepsané kredity: 102

Kredity z volitelnych pfedmétu: 18

Kredity v rdmci planu celkem: 120

Poznamka k planu:

Nazev bloku: Povinné pfedméty programu
Minimalni pocet kredit bloku: 60
Role bloku: P

Kod skupiny: 2021_MKYREP

Nazev skupiny: Compulsory subjects of the programme

Podminka kredity skupiny: V této skupiné musite ziskat 30 kreditt
Podminka pfedmeéty skupiny: V této skupiné musite absolvovat 5 pfedmétu
Kredity skupiny: 30

Poznamka ke skupiné:

Nazev predmétu / Nazev skupiny predméta

Kod (u skupiny pfedmétii seznam koédu jejich ¢lent) Zakonceni |Kredity |Rozsah | Semestr| Role
Vyucujici, autoFi a garanti (gar.)
Autonomous Robotics

BE3M33ARO1 Karel Zimmermann, Vojtéch Vonasek Karel Zimmermann Karel Zimmermann Z,ZK 6 2P+2L L P
(Gar.)
Diagnostics and Testing 3

BESM38DITH Radislav $mid Radislav Smid Radislav $mid (Gar,) 22K 6 | 2P+2L z P
Linear Systems

BESM35LSY1 Petr Husek Petr HuSek Petr Husek (Gar.) Z,ZK 6 3P+28 z P

BE3MPROJ6 Project 4 6 Op+6s Z P
Teamwork

BE3MPVTY1 Tomas Dréabek, Tomas Hanis, Petr Drabek, Ondfej Drbohlav Ondfej Drbohlav Y4 6 0P+4C L P

Tomas Drabek (Gar.)

Charakteristiky predmetu této skupiny studijniho planu: K6d=2021_MKYREP Nazev=Compulsory subjects of the programme

BE3M33ARO1 | Autonomous Robotics | zzk | 6
Pfedmét Autonomni Robotika nauéi pricipdm potfebnym k vyvoji algoritmt pro inteligentni mobilni roboty jako jsou napfiklad algoritmy pro: (1) Mapovani a lokalizaci (SLAM) a kalibraci
sensoru (napf. lidaru &i kamery). (2) Planova i cesty v existujici mapé, ¢i planovani explorace v ¢aste¢né neznamé mapé. Dulezité: Oekava se, ze studenti maji pracovni znalost
optimalizace (Gauss-Newton method, Levenberg Marquardt method, full Newton method), matematické analyzy (gradient, Jacobian, Hessian, vicerozmérny Taylor polynom), linear
algebra (least-squares method),pravdépodobnostni teorie (vicerozmérny gaussian), statistiky (maximum likelihood a maximum aposteriori estimate), programovani v pythonu a algoritmd
strojového uceni. Tento pfedmét je také soucasti meziuniverzitniho programu prg.ai Minor. Ten spojuje to nejlepsi z vyuky Al v Praze s cilem poskytnout studujicim hlubsi a Sir§i vhled
do oboru umélé inteligence. Vice informaci je k dispozici na webu https://prg.ai/minor.

BE3M38DIT1 | Diagnostics and Testing |  zzk | 6
The course aims to introduce students to the problems of modelling and fault detection, ensuring fault tolerance, monitoring the operational status of complex industrial components
and autonomous systems, non-destructive testing and diagnostics of electronic devices with analogue and digital circuits.

BE3M35LSY1 | Linear Systems | zzK | 6

The purpose of this course is to introduce mathematical tools for the description, analysis, and partly also synthesis, of dynamical systems. The focus will be on linear time-invariant
multi-input multi-output systems and their properties such as stability, controllability, observability and state realization. State feedback, state estimation, and the design of stabilizing
controllers will be explained in detail. Partially covered will be also time-varying and nonlinear systems. Some of the tools introduced in this course are readily applicable to engineering
problems such as the analysis of controllability and observability in the design of flexible space structures, the design of state feedback in aircraft control, and the estimation of state
variables. The main motivation, however, is to pave the way for the advanced courses of the study program. The prerequsites for this course include undergraduate level linear algebra,
differential equations, and Laplace and z transforms.

BE3MPROJ6 Project Z 6

BE3SMPVTY1 Teamwork VA 6
Teamwork is the basis of most of the activities that people perform in companies and their personal lives. In this course, students can try how to solve a technical task in a team, how
to cooperate, how to communicate together and how to solve problems such as project delays, how to include external influences in the plan, etc.
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Kod skupiny: 2021_MKYREDIP

Nazev skupiny: Diploma Thesis

Podminka kredity skupiny: V této skupiné musite ziskat 30 kreditt
Podminka pfedméty skupiny: V této skupiné musite absolvovat 1 pfedmét
Kredity skupiny: 30

Poznamka ke skupiné:

Nazev predmétu / Nazev skupiny predmétu

Kod (u skupiny pfedmétii seznam kodli jejich ¢lenti) Zakoncéeni | Kredity |Rozsah | Semestr| Role
Vyucujici, autofi a garanti (gar.)

BDIP30 Diplomova prace - Diploma Thesis z 30 22s L P

Charakteristiky predmetu této skupiny studijniho planu: K6d=2021_MKYREDIP Nazev=Diploma Thesis
BDIP30 | Diplomova prace - Diploma Thesis | z | 30
Samostatna zavére€né prace inzenyrského studia komplexniho charakteru. Téma prace si student vybere z nabidky témat souvisejicich se studovanym oborem, ktera vypiSe oborova
katedra ¢i katedry. Prace bude obhajovana pred komisi pro statni zavére¢né zkousky.

Nazev bloku: Povinné voliteIné pfedméty
Minimalni pocet kreditl bloku: 42
Role bloku: PV

Kod skupiny: 2021_MKYREPVA1

Nazev skupiny: Compulsory elective subjects of the programme - Group 1

Podminka kredity skupiny: V této skupiné musite ziskat alespor 18 kreditl (maximalné 36)
Podminka pfedméty skupiny: V této skupiné musite absolvovat alespori 3 pfedméty ( maximalné 6)
Kredity skupiny: 18

Poznamka ke skupiné:

Nazev predmétu / Nazev skupiny predméta
Koéd (u skupiny pfedmétii seznam koédu jejich élent) Zakonceni |Kredity |Rozsah | Semestr| Role
Vyucujici, autoFi a garanti (gar.)
Computer Vision Methods

BE4M33MPV Georgios Tolias, Jiti Matas, Jan Cech, Dmytro Mishkin, Torsten Sattler JiFi Z,ZK 6 2P+2C L PV
Matas Jifi Matas (Gar.)

Data acquisition and transfer ;
BESM38SPD1 Radislav Smid Radislav Smid Radislav Smid (Gar.) 2K 6 2P+2L L PV

Estimation, Filtering and Detection
BESM350FD Vladimir Havlena Vladimir Havlena Viadimir Havlena (Gar.) Z,ZK 6 2P+2C 4 PV

Machine Learning Fundamentals
BECM33MLF Vojtéch Franc Vojtéch Franc Vojtéch Franc (Gar.) Z,ZK 6 2P+2C LZ PV

Optimal and Robust Control
BESM350RR Zdenek Hurak Zdenék Hurak Zdendk Hurak (Gar.) Z,2K 6 |2P+2C L PV

Signal processing and digitization
BE3M38ZDS1 Jan Holub Jan Holub Jan Holub (Gar.) 22K 6 2P+2L Za PV

Charakteristiky predmeti této skupiny studijniho planu: K6d=2021_MKYREPV1 Nazev=Compulsory elective subjects of the programme
- Group 1
BE4M33MPV | Computer Vision Methods |  zzk | 6
The course covers selected computer vision problems: search for correspondences between images via interest point detection, description and matching, image stitching, detection,
recognition and segmentation of objects in images and videos, image retrieval from large databases and tracking of objects in video sequences. This course is also part of the
inter-university programme prg.ai Minor. It pools the best of Al education in Prague to provide students with a deeper and broader insight into the field of artificial intelligence. More
information is available at https://prg.ai/minor.
BE3M38SPD1 | Data acquisition and transfer | zzk | 6
The aim of the course is to acquaint students with the principles and limits of data transmission from sensors and similar sources of information for loT and M2M communication,
wireless sensor networks and specific algorithms used in them, respecting the limiting conditions of their function. The basic algorithms of distributed information processing in sensor
networks will be studied, as well as technologies for obtaining energy for powering wireless nodes of the network.
BE3M350FD | Estimation, Filtering and Detection | zzK | 6
This course will cover description of the uncertainty of hidden variables (parameters and state of a dynamic system) using the probability language and methods for their estimation.
Based on bayesian problem formulation principles of rational behavior under uncertainty will be analyzed and used to develop algorithms for parameter estimations (ARX models,
Gaussian process regression), filtering (Kalman filter) and detection (likelihood ratio theory) . We will demonstrate numerically robust implementation of the algorithms applicable in
real life problems for the areas of industrial process control, robotics and avionics.

BECM33MLF Machine Learning Fundamentals Z,ZK 6
BE3M350RR Optimal and Robust Control Z,7K 6
BE3M38zDSH1 Signal processing and digitization Z,ZK 6

Students will gain knowledge for the design and implementation of systems for processing and digitization of analog signals. They will deepen the knowledge acquired in previous
theoretical subject and gain practical experience in the design and analysis of systems for signal processing, AD conversion and data acquisitation. Emphasis is placed on reducing
uncertainties, speed, stability and resistence to interfering signals.

Kod skupiny: 2021_MKYREPV2
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Nazev skupiny: Compulsory elective subjects of the programme - Group 2

Podminka kredity skupiny: V této skupiné musite ziskat alespon 24 kreditd (maximalné 114)
Podminka pfedméty skupiny: V této skupiné musite absolvovat alespori 4 pfedméty ( maximalné 19)
Kredity skupiny: 24

Poznamka ke skupiné:

Nazev predmétu / Nazev skupiny predmétu

Kod (u skupiny pfedmétii seznam kodli jejich ¢lent) Zakoncéeni |Kredity |Rozsah | Semestr| Role
Vyucujici, autofi a garanti (gar.)
BE3M33PKR %ng‘;?nl:gjed% r?ot;r?;s'kig?c?l;aﬁrgzés' Pajdla (Ger) 22K 6 |2P+2C| 2 i
BESM38POS ﬁrgxs: ?’faglsl\?lgﬁacl’ rfanos’ek Antonin Platil Antonin Platil (Gar.) 22K 6 2P+2L z PV
BESM38PSL1 ﬁ;:g: ast:mﬁév;l?ar:";gws Sipos Martin Sipos (Gar.) Z,ZK 6 2P+2L z PV
seagsur | Al ligence i b 22k | o |mwec| z | w
BESMISRSA omse o Tomas Haniy Tomde Hani (Gar) ZZK | 6 | 2P428 PV
BESM3BASE Aonin it Jon Sopotes Wi Novik JIFr Novalk Jii Novik (Gar) ZZK | 6 |ePsl] L i
BE3M35KOA Combinatorial Algorithms Z,ZK 6 oP4+2C L PV

Zdenék Hanzalek Zdenék Hanzalek Zdenék Hanzalek (Gar.)
Dynamics and Control of Networks

BE3M35DRS Kristian Hengster-Movric Kristian Hengster-Movric Kristian Hengster-Movric Z,ZK 6 2P+2C VA PV
(Gar.)
BE3M35SRL Flight Control Systems Z.ZK 6 |2P+2L| Z PV

Martin Hrom¢ik Martin Hrom¢éik Martin Hromcik (Gar.)
Humanoid robots

BE3M33HRO Giulia DAngelo, Matéj Hoffmann, Lukas Rustler Matéj Hoffmann Matéj Z,ZK 6 2P+2C L PV
Hoffmann (Gar.)
Hybrid Systems
BESM35HYS Zdenék Hurak Zdenék Hurak Zdenék Hurak (Gar.) Z,ZK 6 2P+2C PV
BE3M38INA1 Integrated avionics Z,ZK 6 | 2P+2L L PV

Martin Sipos Martin Sipo§ Martin Sipos (Gar.)
Mobile Networks

BE2M32MKSA Robert Bestak, Zdenék Bedvér, Pavel Mach Pavel Mach Zdenék Becvér Z,ZK 6 |2P+2L z PV
(Gar.)
Multi-robot aerial systems
BE3M33MRS Tomas Bada, Martin Saska, Robert Pénicka Martin Saska Martin Saska Z,ZK 6 2P+2L 4 PV
(Gar.)
Nonlinear Systems i ;
BE3MB35NES Kristian Hengster-Movric, Sergej Celikovsky Sergej Celikovsky Sergej Z,ZK 6 2P+2C Z PV
Celikovsky (Gar.)
BE3M35PSR Real-time Systems Programming Z,ZK 6 |2P+2C| Z PV
Michal Sojka Jan Tomlain
Three-dimensional Computer Vision
BE4M33TDV Radim Sara Radim Sara Radim Séra (Gar.) 22K 6 2P+2C Za PV
BE3M38VBM1 Videometry and Contactless Measurement Z,ZK 6 2P+2L VA PV
BE3M38VIN1 Virtual Instrumentation Z,ZK 6 |2P+2L| L PV

Antonin Platil, Jaroslav Roztocil Antonin Platil Antonin Platil (Gar.)

Charakteristiky predmett této skupiny studijniho planu: K6d=2021_MKYREPV2 Nazev=Compulsory elective subjects of the programme
- Group 2
BE3M33PKR | Advanced robot kinematics | zzK | 6
Predmét vysvétli a pfedvede teoretické a vypocetni metody pro popis a analyzu kinematiky pramyslovych robotd, principy reprezentace prostorového pohybu (rotani matice, kvaterniony,
Eulerav vektor, Cayleyova parametrizace) a popis robottd (Denavit-Hartenbergova konvence) pro analyzu kinematiky manipulatort. Hlavnimi tématy budou a) feSeni inverzni kinematické
ulohy pro obecny 6DOF sériovy manipulator a b) analyza jeho singularit. Zakladnimi teoretickymi a vypocetnimi nastroji budou linearni a polynomialni algebra a metody vypocetni
algebraické geometrie. Teoretické techniky budou ovéfovany v implementaénich tlohach na simulacich. Pfedmét je teoreticky a vhodny pro studenty, ktefi maji zajem o matiku a o
pokracovani v akademické kariére.
BE3M38POS | Advanced sensors | zzK | 6
Overview of sensors of physical quantities used in industry and research and associated methods of signal processing. Students will gain advanced knowledge of sensors and methods
of signal processing. They will gain practical experience with measurement of physical quantities with various types of sensors.
BE3M38PSL1 | Aircraft Avionics | zzk | 6
The course acquaints students with the current technology used in aircraft instruments and unmanned aerial vehicles, ie systems and sensors working in the low frequency range and
methods used to process their data. The course includes a detailed description of aircraft instrumentation and its resistance to external influences, a description of aircraft power sources,
analysis of instruments and systems for measuring engine and aerometric quantities, and a description of emergency and operational diagnostics. The course also deals with the field
of inertial navigation aids, used sensors and systems, their modeling and description. It analyzes in detail the principles of calculations of navigation equations, including methods of
fusion of navigation data and their processing.
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BE4M36UIR | Artificial Intelligence in Robotics | zzK | 6

The course aims to acquaint students with the use of planning approaches and decision-making techniques of artificial intelligence for solving problems arising in autonomous robotic
systems. Students in the course are employing knowledge of planning algorithms, game theory, and solving optimization problems in selected application scenarios of mobile robotics.
Students first learn architectures of autonomous systems based on reactive and behavioral models of autonomous systems. The considered application scenarios and robotic problems
include path planning, persistent environmental monitoring, robotic exploration of unknown environments, online real-time decision-making, deconfliction in autonomous systems, and
solutions of antagonistic conflicts. In laboratory exercises, students practice their problem formulations of robotic challenges and practical solutions in a realistic robotic simulator or
consumer mobile robots. Tento pfedmét je také soucasti meziuniverzitniho programu prg.ai Minor. Ten spojuje to nejlepsi z vyuky Al v Praze s cilem poskytnout studujicim hlubsi a
$irsi vhled do oboru umélé inteligence. Vice informaci je k dispozici na webu https://prg.ai/minor.

BE3M35RSA | Automotive Control Systems | zzK | 6

The course introduces students to the fundamentals of control systems in modern automobiles. Students will learn basic methods for modeling vehicle dynamics, gain an overview of
the main vehicle components, and become familiar with the principles of control algorithms for driver assistance and autonomous systems. The course combines theoretical lectures
with practical demonstrations of selected systems, such as ABS, traction control, adaptive cruise control, ESC, and lane-keeping systems.

BE3M38ASE | Automotive sensors and networks | zzK | 6

The course provides students with a deeper insight into the functional principles of advanced sensor systems in cars, methods of signal processing in sensors and explains how to use
them in vehicle subsystems. It also deals with distributed vehicle systems for real-time control and methods of their testing. Theoretical lectures are complemented by practical laboratory
teaching with real elements (ECUs, sensors) of modern vehicles.

BE3M35KOA | Combinatorial Algorithms |  zzk | 6
Cilem pfedmétu je seznamit studenty s problémy a algoritmy kombinatorické optimalizace (€asto se nazyva diskrétni optimalizace, vyznamné se pfekryva s pojmem operaéni vyzkum).
V navaznosti na pfredméty z oblasti linearni algebry, algoritmizace, diskrétni matematiky a zaklad(i optimalizace jsou ukazany techniky zaloZené na grafech, celo¢iselném linearnim
programovani, heuristikach, aproximaénich algoritmech a metodach prohledavani prostoru feSeni. Pfedmét je zaméfen na aplikace optimalizace ve skladech, pozemni a letecké
doprave, logistice, planovani lidskych zdrojd, rozvrhovani vyrobnich linek, smérovani zprav, rozvrhovani v paralelnich pocitacich. Vysledek studentské ankety pfedmétu je zde:
http:/iwww.fel.cvut.cz/anketa/aktualni/courses/A4M35KO

BE3M35DRS | Dynamics and Control of Networks | zzK | 6

Tento kurz reaguje na stale se zvysujici pozadavky na pochopeni souc¢asnych siti rozsahlych komplexnich systémi slozenych z mnoha komponent a subsystému propojenych do
jediné distribuované entity. Zde budeme zvaZovat zakladni podobnosti mezi riznymi oblastmi, jako je napt. pfedpovidani ifeni globalnich pandemii, dynamiky vefejného minéni a
manipulace s komunitami prostfednictvim socialnich médii, kontroly vytvareni bezpilotnich vozidel, vyroby a distribuce energie v energetickych sitich atd. Pochopeni takovych
presvédéivych problémi daleko presahuje hranice jakéhokoli fyzického, technologického nebo védecka doména. Proto budeme analyzovat jevy napfi¢ raznymi doménami, véetné
spolecenskych, ekonomickych a biologickych siti. U takto propojenych sitovych systémt zavisi vysledné chovani nejen na vlastnostech jejich jednotlivych komponent a detailech jejich
fyzickych ¢i logickych interakci, ale také na pfesném zpUsobu propojeni téchto komponent detailni topologii propojeni. Z tohoto dlvodu prvni éast kurzu pfedstavuje zakladni teoretické
a abstraktni koncepty analyzy vypocetni sité; zejména teorie algebraickych grafd, sitové miry a metriky a zakladni sitové algoritmy. Druha ¢ast pfedmétu nasledné nahlizi na sité jako
na dynamické systémy, studuje jejich vlastnosti a zplsoby jejich fizeni, a to pfedevsim pomoci metod teorie automatického Fizeni.

BE3M35SRL | Flight Control Systems | zzK | 6

The course is devoted to classical and modern control design techniques for autopilots and flight control systems. Particular levels are discussed, starting with the dampers attitude
angle stabilizers, to guidance and navigation systems. Next to the design itself, important aspects of aircraft modelling, both as a rigid body and considering flexibility of the structure,
are discussed

BE3M33HRO | Humanoid robots | zzk | 6
Pfedmét se zamétuje na robotiku orientovanou na €lovéka: humanoidni roboty a interakci ¢lovéka s robotem. Motivaci je vize robotu jako asistentl i spoleénikd v doméacnostech. Kurz
uvadi do technologie humanoidnich robotl se specifickymi vyzvami a pfilezitostmi: (i) design, pfiméa a inverzni kinematika, (ii) vnimani vice smysly - zrak, hmat, sluch, propriocepce,
inercialni senzory, apod., (iii) chlize a udrzeni rovnovahy, (iv) uchopovani. Druhéa ¢ast predmétu se soustiedi na interakci ¢lovéka s robotem (human-robot interaction, HRI), coz zahrnuje
jak fyzickou interakci (bezpe¢nost, kolaborativni robotika), tak kognitivni/socialni interakci - jak navrhnout roboty a jejich chovani tak, aby bylo pro lidi pfijatelné a pfirozené.

BE3M35HYS | Hybrid Systems | zzK | 6
Hybridni dynamické systémy, dnes nékdy oznacované také jako kyberfyzikalni, obsahuji jak ¢asti fidici se fyzikalnimi zakony, tak i ¢asti chovajici se podle logickych predpisu a pravidel,
nezfidka zakédovanych ve formé algoritmd a implementovanych softwarové. Chovani téch prvnich mize byt popsano realnymi veli¢inami, jejichz vyvoj ve spojitém &i diskrétnim ¢ase
je bézné modelovan pomoci diferencialnich i diferenénich rovnic. Chovani téch druhych je bézné popisovano veli¢inami nabyvajicimi spo¢etného &i jen kone¢ného poctu hodnot (Ci
dokonce i jen dvou v pfipadé veli¢in binarnich), jejichz vyvoj je modelovan pomoci logickych modeld jako jsou kone¢né stavové automaty nebo Petriho sité. Pfi modelovani a analyze
hybridnich systémi a navrhu Fidicich systému pro né se tyto dvé tfidy modell prolinaji. Hybridni vSak mGze byt i samotny fidici systém. A prdmyslovou realitou je, Ze praktické fidici
systémy kromé té spojité slozky pfedstavované PID regulatory ¢i Kalmanovy filtry obsahuji i slozku vyhodnocujici spinéni logickych podminek. Pfepinané linearni regulétory (angl. gain
scheduling), supervizni fizeni (angl. supervisory control), fizeni v klouzavém rezimu (angl. sliding mode control) ¢i resetovaci fizeni (angl. reset control) jsou priklady takovych regulator(
s hybridni dynamikou. Mimoradné dulezitosti nabyvaji metody hybridniho fizeni v sitovém prosttedi, kde méteni ¢i akéni zasahy jsou po siti posilany pouze pfi spinéni néjaka podminky,
aby se tak minimalizoval sitovy provoz (angl. event triggered control). Hybridni dynamické systémy tak predstavuji vhodny teoreticky i mimofadné prakticky ramec pro modelovani,
analyzu i syntézu velkého mnozstvi praktickych fidicich systéma. Cilem tohoto pokrocilého predmétu je pomoci studentlim ziskat zakladni kompetence (znalosti ale i praktické
navrhové/vypocetni dovednosti) v této prakticky velmi relevantni a i teoreticky stale intenzivné rozvijené oblasti.

BE3M38INA1 | Integrated avionics | zzk | 6

The course Integrated Modular Avionics (IMA) focuses on a modern concept of the approach to the development and design of aircraft electronics (avionics), where the transition from
distributed HW systems to SW blocks. They use high-speed connections to exchange data in applications related to paid air transport. The existing regulatory basis and airspace
sharing define the requirements for the accuracy, reliability, and functionality of electronic systems even in the event of a failure. In the course, students will learn details about the
requirements for so-called safety-critical multi-sensor systems, methods of data processing from predetermined systems, fault detection methods, selection of primary computer and
control system in parallel architectures, bus technology, and methods of testing/certification of aircraft instruments.

BE2M32MKSA | Mobile Networks | zzk | 6
Pfedmét seznamuije s principy a funkcemi mobilnich burikovych siti zejména s ohledem na aktualné nasazované a budouci technologie pro mobilni komunikace. Student pochopi
architekturu a principy fungovani jednotlivych generaci mobilnich siti od GSM, pfes UMTS a LTE/LTE-A az k 5G. Pfedmét studenty seznami i s vybranymi technikami a zpGsoby
komunikace pro budouci mobilni sité (6G). Po absolvovani pfedmétu se studenti dokazi orientovat v problematice burikovych mobilnich siti a budou schopni fesit problémy spojené s
provozem a planovanim téchto siti.

BE3M33MRS | Multi-robot aerial systems | zzK | 6
Pfedmét poskytne Uvod do problematiky vicemotorovych bezpilotnich Iétajicich prostiedkl (UAV). Studenti se seznami se standardnimi palubnimi senzory a s principy odhadu a fizeni
stavu UAV. Budou diskutovany techniky planovani pohybu, planovani cesty, lokalizace, mapovani a prizkumu pro samostatné se pohybujici UAV a jejich skupiny. Kromé toho se
studenti seznami s metodikou pro fizeni roje vice robotd, letu formace UAV a manipulaci s prostfedim pomoci UAV.
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BE3M35NES | Nonlinear Systems | zzK | 6

The goal of this course is to introduce basics of the modern approaches to the theory and applications of nonlinear control. Fundamental difference when dealing with nonlinear systems
control compared with linear case is that the state space approach prevails. Indeed, the frequency response approach is almost useless in nonlinear control. State space models are
based mainly on ordinary differential equations, therefore, an introduction to solving these equations is part of the course. More importantly, the qualitative methods for ordinary differential
equations will be presented, among them Lyapunov stability theory is crucial. More specifically, the focus will be on Lyapunov function method enabling to analyse stability of nonlinear
systems, not only that of linear ones. Furthemore, stabilization desing methods will be studied in detail, among them the so-called control Lyapunov function concept and related
backstepping method. Special stress will be, nevertheless, given by this course to introduce and study methods how to transform complex nonlinear models to simpler forms where
more standard linear methods would be applicable. Such an approach is usually refered to as the so-called exact nonlinearity compensation. Contrary to the well-known approximate
linearization this method does not ignore nonlinearities but compensates them up to the best possible extent. The course introduces some interesting case studies as well, e.g. the
planar vertical take off and landing plane ("planar VTOL"), or a simple 2-dimensional model of the walking robot.

BE3M35PSR | Real-time Systems Programming | zzK | 6

The goal of this course is to provide students with basic knowledge about software development for real-time systems, for example in control and embedded applications. The main
focus is on embedded systems equipped with a real-time operating system (RTOS). Lectures will cover real-time systems theory, which can be used to formally verify timing correctness
such systems. Another set of lectures will introduce methods and techniques used for development of safety-critical systems, whose failure may have catastrophic consequences.
During labs, students will first solve a few simple tasks to familiarize them with basic components of VxWorks RTOS and to benchmark the used OS and hardware (Xilinx Zynq). The
obtained metrics represent the typical criteria for assessing the suitability of a given platform for the given application. After the simple tasks, students will solve complex task of
time-critical motion control application which will require full utilization of RTOS features. All the tasks at the labs will be implemented in C (or C++) language.

BE4M33TDV | Three-dimensional Computer Vision | zzK | 6

This course introduces methods and algorithms for 3D geometric scene reconstruction from images. The student will understand these methods and their essence well enough to be
able to build variants of simple systems for reconstruction of 3D objects from a set of images or video, for inserting virtual objects to video-signal source, or for computing ego-motion
trajectory from a sequence of images. The labs will be hands-on, the student will be gradually building a small functional 3D scene reconstruction system and using it to compute a
virtual 3D model of an object of his/her choice.

BE3M38VBM1 | Videometry and Contactless Measurement |  zzk | 6

The course deals with optoelectronic sensors and their use in non-contact measurement systems based on the principles of videometry; problems of radiation and waves, their properties,
behavior; optical projection system. The course deals with the lab. tasks, it is further solved, practically realized and presented the evaluated project of the optoelectric sensor.
BE3M38VIN1 | Virtual Instrumentation | zzK | 6

The subject deals with modern measuring instruments, virtual instruments (V1) and data acquisition and processing systems (DAQ). It presents principles of instruments and measurement
systems in laboratory and industrial environment, selected measurement methods and standards for programming of VI and DAQ systems.

Nazev bloku: Volitelné pfedméty
Minimalni pocet kreditl bloku: 0
Role bloku: V

Kod skupiny: 2021_MKYREVOL

Nazev skupiny: Elective subjects

Podminka kredity skupiny:

Podminka pfedméty skupiny:

Kredity skupiny: 0

Poznamka ke ~Student can choose arbitrary subject of themagister's program (EEM - Electrical Engineering, Power

skupiné: Engineering and Mlanagement, EK - EIectropics and Commulnicgtions, KYR - (_beerrl]etics and Robotics,
Ol - Open Informatics, OES - Open Electronics Systems) which is not part of his curriculum. Student can
choose with consideration of recommendation of the branch guarantee.You can find a selection of optional

courses organized by the departments on the web site
http://www.fel.cvut.cz/cz/education/volitelne-predmety.html

Seznam predmétti tohoto prichodu:

Kéd Nazev predmétu Zakonceni | Kredity
BDIP30 Diplomova prace - Diploma Thesis z 30

Samostatna zavére€na prace inzenyrského studia komplexniho charakteru. Téma prace si student vybere z nabidky témat souvisejicich se studovanym oborem, ktera vypiSe oborova
katedra ¢i katedry. Prace bude obhajovana pred komisi pro statni zavére¢né zkousky.

BE2M32MKSA| Mobile Networks | zzK | 6
Pfedmét seznamuije s principy a funkcemi mobilnich burikovych siti zejména s ohledem na aktualné nasazované a budouci technologie pro mobilni komunikace. Student pochopi
architekturu a principy fungovani jednotlivych generaci mobilnich siti od GSM, pfes UMTS a LTE/LTE-A az k 5G. Pfedmét studenty seznami i s vybranymi technikami a zplsoby

komunikace pro budouci mobilni sité (6G). Po absolvovani pfedmétu se studenti dokazi orientovat v problematice burikovych mobilnich siti a budou schopni fesit problémy spojené s

provozem a planovanim téchto siti.

BE3M33ARO1| Autonomous Robotics | zzK | 6
Pfedmét Autonomni Robotika naugi pricipdm potfebnym k vyvoji algoritmi pro inteligentni mobilni roboty jako jsou napfiklad algoritmy pro: (1) Mapovani a lokalizaci (SLAM) a kalibraci
sensord (napf. lidaru ¢i kamery). (2) Planova i cesty v existujici mapé, ¢i planovani explorace v ¢aste¢né neznamé mapé. DUllezité: Oéekava se, ze studenti maji pracovni znalost
optimalizace (Gauss-Newton method, Levenberg Marquardt method, full Newton method), matematické analyzy (gradient, Jacobian, Hessian, vicerozmérny Taylor polynom), linear
algebra (least-squares method),pravdépodobnostni teorie (vicerozmérny gaussian), statistiky (maximum likelihood a maximum aposteriori estimate), programovani v pythonu a algoritmd
strojového uceni. Tento pfedmét je také soucasti meziuniverzitniho programu prg.ai Minor. Ten spojuje to nejlepsi z vyuky Al v Praze s cilem poskytnout studujicim hlubsi a Sir§i vhled
do oboru umélé inteligence. Vice informaci je k dispozici na webu https://prg.ai/minor.
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BE3M33HRO]| Humanoid robots Z,ZK 6
Pfedmét se zamétuje na robotiku orientovanou na élovéka: humanoidni roboty a interakci €lovéka s robotem. Motivaci je vize robotu jako asistenttl ¢i spole¢nik(l v doméacnostech. Kurz
uvadi do technologie humanoidnich robotl se specifickymi vyzvami a pfilezitostmi: (i) design, pfima a inverzni kinematika, (ii) vnimani vice smysly - zrak, hmat, sluch, propriocepce,
inercialni senzory, apod., (iii) chlize a udrzeni rovnovahy, (iv) uchopovéani. Druha ¢ast predmétu se soustfedi na interakci €lovéka s robotem (human-robot interaction, HRI), coz zahrnuje
jak fyzickou interakci (bezpeénost, kolaborativni robotika), tak kognitivni/socialni interakci - jak navrhnout roboty a jejich chovani tak, aby bylo pro lidi pfijatelné a pfirozené.
BE3M33MRS | Multi-robot aerial systems | zzK | 6
Predmét poskytne Gvod do problematiky vicemotorovych bezpilotnich Iétajicich prostfedkt (UAV). Studenti se seznami se standardnimi palubnimi senzory a s principy odhadu a fizeni
stavu UAV. Budou diskutovany techniky planovani pohybu, planovani cesty, lokalizace, mapovani a priizkumu pro samostatné se pohybujici UAV a jejich skupiny. Kromé toho se
studenti seznami s metodikou pro fizeni roje vice robot, letu formace UAV a manipulaci s prostfedim pomoci UAV.

BE3M33PKR | Advanced robot kinematics | zzKk | 6
Predmét vysvétli a pfedvede teoretické a vypocetni metody pro popis a analyzu kinematiky pramyslovych robotd, principy reprezentace prostorového pohybu (rotani matice, kvaterniony,
EulerGv vektor, Cayleyova parametrizace) a popis robott (Denavit-Hartenbergova konvence) pro analyzu kinematiky manipulatord. Hlavnimi tématy budou a) feSeni inverzni kinematické

Ulohy pro obecny 6DOF sériovy manipulator a b) analyza jeho singularit. Zakladnimi teoretickymi a vypocetnimi nastroji budou linearni a polynomialni algebra a metody vypocetni
algebraické geometrie. Teoretické techniky budou ovéfovany v implementaénich Glohach na simulacich. Pfedmét je teoreticky a vhodny pro studenty, ktefi maji zajem o matiku a o
pokracovani v akademické kariéfe.

BE3M35DRS | Dynamics and Control of Networks | zzk | 6
Tento kurz reaguje na stale se zvysujici pozadavky na pochopeni sou¢asnych siti rozsahlych komplexnich systému slozenych z mnoha komponent a subsystému propojenych do
jediné distribuované entity. Zde budeme zvaZovat zakladni podobnosti mezi riznymi oblastmi, jako je napt. pfedpovidani Sifeni globalnich pandemii, dynamiky vefejného minéni a

manipulace s komunitami prostiednictvim socialnich médii, kontroly vytvareni bezpilotnich vozidel, vyroby a distribuce energie v energetickych sitich atd. Pochopeni takovych
presvédEivych problémU daleko presahuje hranice jakéhokoli fyzického, technologického nebo védecka doména. Proto budeme analyzovat jevy napfi¢ riznymi doménami, v€etné
spolecenskych, ekonomickych a biologickych siti. U takto propojenych sitovych systémii zavisi vysledné chovani nejen na vlastnostech jejich jednotlivych komponent a detailech jejich
fyzickych ¢i logickych interakci, ale také na pfesném zpUsobu propojeni téchto komponent detailni topologii propojeni. Z tohoto divodu prvni ¢ast kurzu predstavuje zakladni teoretické
a abstraktni koncepty analyzy vypocetni sité; zejména teorie algebraickych grafl, sitové miry a metriky a zakladni sitové algoritmy. Druha ¢ast pfedmétu nasledné nahlizi na sité jako
na dynamické systémy, studuje jejich vlastnosti a zplsoby jejich fizeni, a to pfedevS§im pomoci metod teorie automatického Fizeni.

BE3M35HYS | Hybrid Systems | zzk | 6

Hybridni dynamické systémy, dnes nékdy oznacované také jako kyberfyzikalni, obsahuji jak ¢asti fidici se fyzikalnimi zakony, tak i €asti chovajici se podle logickych pfedpist a pravidel,

neziidka zakddovanych ve formé algoritm( a implementovanych softwarové. Chovani téch prvnich muze byt popsano realnymi veli¢éinami, jejichZ vyvoj ve spojitém &i diskrétnim ¢ase

je bézné modelovan pomoci diferencialnich ¢i diferenénich rovnic. Chovani téch druhych je bézné popisovano veli¢éinami nabyvajicimi spocetného ¢&i jen kone¢ného poctu hodnot (&i
dokonce i jen dvou v pfipadé veli¢in binarnich), jejichz vyvoj je modelovan pomoci logickych modelu jako jsou kone€né stavové automaty nebo Petriho sité. Pfi modelovani a analyze
hybridnich systému a navrhu fidicich systému pro né se tyto dvé tfidy modeld prolinaji. Hybridni vS§ak maze byt i samotny Fidici systém. A pramyslovou realitou je, Zze praktické fidici
systémy kromé té spojité slozky predstavované PID regulatory ¢i Kalmanovy filtry obsahuji i slozku vyhodnocujici spinéni logickych podminek. Pfepinané linearni regulatory (angl. gain
scheduling), supervizni fizeni (angl. supervisory control), fizeni v klouzavém rezimu (angl. sliding mode control) &i resetovaci fizeni (angl. reset control) jsou pfiklady takovych regulatort

s hybridni dynamikou. MimoFadné ddlezitosti nabyvaji metody hybridniho fizeni v sitovém prosttedi, kde méFeni ¢i akéni zasahy jsou po siti posilany pouze pfi spinéni néjaka podminky,

aby se tak minimalizoval sitovy provoz (angl. event triggered control). Hybridni dynamické systémy tak predstavuji vhodny teoreticky i mimoradné prakticky ramec pro modelovani,
analyzu i syntézu velkého mnozstvi praktickych fidicich systému. Cilem tohoto pokrocilého predmétu je pomoci studentiim ziskat zakladni kompetence (znalosti ale i praktické
navrhové/vypocetni dovednosti) v této prakticky velmi relevantni a i teoreticky stale intenzivné rozvijené oblasti.

BE3M35KOA | Combinatorial Algorithms | zzk | 6
Cilem pfedmétu je seznamit studenty s problémy a algoritmy kombinatorické optimalizace (¢asto se nazyva diskrétni optimalizace, vyznamné se pfekryva s pojmem operacni vyzkum).
V navaznosti na pfedméty z oblasti linearni algebry, algoritmizace, diskrétni matematiky a zaklad( optimalizace jsou ukazany techniky zalozené na grafech, celo¢iselném linearnim
programovani, heuristikach, aproximaénich algoritmech a metodach prohledavani prostoru fedeni. Pfedmét je zaméfen na aplikace optimalizace ve skladech, pozemni a letecké
doprave, logistice, planovani lidskych zdrojud, rozvrhovani vyrobnich linek, smérovani zprav, rozvrhovani v paralelnich pocitacich. Vysledek studentské ankety pfedmétu je zde:
http://www.fel.cvut.cz/anketa/aktualni/courses/A4M35KO

BE3M35LSY1] Linear Systems | zzk | 6
The purpose of this course is to introduce mathematical tools for the description, analysis, and partly also synthesis, of dynamical systems. The focus will be on linear time-invariant
multi-input multi-output systems and their properties such as stability, controllability, observability and state realization. State feedback, state estimation, and the design of stabilizing
controllers will be explained in detail. Partially covered will be also time-varying and nonlinear systems. Some of the tools introduced in this course are readily applicable to engineering
problems such as the analysis of controllability and observability in the design of flexible space structures, the design of state feedback in aircraft control, and the estimation of state
variables. The main motivation, however, is to pave the way for the advanced courses of the study program. The prerequsites for this course include undergraduate level linear algebra,
differential equations, and Laplace and z transforms.
BE3M35NES | Nonlinear Systems Z,ZK 6
The goal of this course is to introduce basics of the modern approaches to the theory and applications of nonlinear control. Fundamental difference when dealing with nonlinear systems
control compared with linear case is that the state space approach prevails. Indeed, the frequency response approach is almost useless in nonlinear control. State space models are
based mainly on ordinary differential equations, therefore, an introduction to solving these equations is part of the course. More importantly, the qualitative methods for ordinary differential
equations will be presented, among them Lyapunov stability theory is crucial. More specifically, the focus will be on Lyapunov function method enabling to analyse stability of nonlinear
systems, not only that of linear ones. Furthemore, stabilization desing methods will be studied in detail, among them the so-called control Lyapunov function concept and related

backstepping method. Special stress will be, nevertheless, given by this course to introduce and study methods how to transform complex nonlinear models to simpler forms where
more standard linear methods would be applicable. Such an approach is usually refered to as the so-called exact nonlinearity compensation. Contrary to the well-known approximate

linearization this method does not ignore nonlinearities but compensates them up to the best possible extent. The course introduces some interesting case studies as well, e.g. the

planar vertical take off and landing plane ("planar VTOL"), or a simple 2-dimensional model of the walking robot.

BE3M350FD | Estimation, Filtering and Detection | zzk | 6
This course will cover description of the uncertainty of hidden variables (parameters and state of a dynamic system) using the probability language and methods for their estimation.
Based on bayesian problem formulation principles of rational behavior under uncertainty will be analyzed and used to develop algorithms for parameter estimations (ARX models,
Gaussian process regression), filtering (Kalman filter) and detection (likelihood ratio theory) . We will demonstrate numerically robust implementation of the algorithms applicable in
real life problems for the areas of industrial process control, robotics and avionics.

BE3M350RR Optimal and Robust Control Z,ZK 6
BE3M35PSR Real-time Systems Programming Z,ZK 6
The goal of this course is to provide students with basic knowledge about software development for real-time systems, for example in control and embedded applications. The main
focus is on embedded systems equipped with a real-time operating system (RTOS). Lectures will cover real-time systems theory, which can be used to formally verify timing correctness
such systems. Another set of lectures will introduce methods and techniques used for development of safety-critical systems, whose failure may have catastrophic consequences.
During labs, students will first solve a few simple tasks to familiarize them with basic components of VxWorks RTOS and to benchmark the used OS and hardware (Xilinx Zynq). The
obtained metrics represent the typical criteria for assessing the suitability of a given platform for the given application. After the simple tasks, students will solve complex task of
time-critical motion control application which will require full utilization of RTOS features. All the tasks at the labs will be implemented in C (or C++) language.
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BE3M35RSA | Automotive Control Systems | zzk | 6
The course introduces students to the fundamentals of control systems in modern automobiles. Students will learn basic methods for modeling vehicle dynamics, gain an overview of
the main vehicle components, and become familiar with the principles of control algorithms for driver assistance and autonomous systems. The course combines theoretical lectures

with practical demonstrations of selected systems, such as ABS, traction control, adaptive cruise control, ESC, and lane-keeping systems.

BE3M35SRL | Flight Control Systems | zzK | 6
The course is devoted to classical and modern control design techniques for autopilots and flight control systems. Particular levels are discussed, starting with the dampers attitude
angle stabilizers, to guidance and navigation systems. Next to the design itself, important aspects of aircraft modelling, both as a rigid body and considering flexibility of the structure,
are discussed

BE3M38ASE | Automotive sensors and networks | zzk | 6
The course provides students with a deeper insight into the functional principles of advanced sensor systems in cars, methods of signal processing in sensors and explains how to use
them in vehicle subsystems. It also deals with distributed vehicle systems for real-time control and methods of their testing. Theoretical lectures are complemented by practical laboratory

teaching with real elements (ECUs, sensors) of modern vehicles.

BE3M38DIT1] Diagnostics and Testing | zzK | 6
The course aims to introduce students to the problems of modelling and fault detection, ensuring fault tolerance, monitoring the operational status of complex industrial components
and autonomous systems, non-destructive testing and diagnostics of electronic devices with analogue and digital circuits.

BE3M38INAI | Integrated avionics | zzK | 6
The course Integrated Modular Avionics (IMA) focuses on a modern concept of the approach to the development and design of aircraft electronics (avionics), where the transition from
distributed HW systems to SW blocks. They use high-speed connections to exchange data in applications related to paid air transport. The existing regulatory basis and airspace
sharing define the requirements for the accuracy, reliability, and functionality of electronic systems even in the event of a failure. In the course, students will learn details about the
requirements for so-called safety-critical multi-sensor systems, methods of data processing from predetermined systems, fault detection methods, selection of primary computer and
control system in parallel architectures, bus technology, and methods of testing/certification of aircraft instruments.

BE3M38POS | Advanced sensors | zzK | 6
Overview of sensors of physical quantities used in industry and research and associated methods of signal processing. Students will gain advanced knowledge of sensors and methods
of signal processing. They will gain practical experience with measurement of physical quantities with various types of sensors.

BE3M38PSL1| Aircraft Avionics | zzK | 6

The course acquaints students with the current technology used in aircraft instruments and unmanned aerial vehicles, ie systems and sensors working in the low frequency range and

methods used to process their data. The course includes a detailed description of aircraft instrumentation and its resistance to external influences, a description of aircraft power sources,

analysis of instruments and systems for measuring engine and aerometric quantities, and a description of emergency and operational diagnostics. The course also deals with the field

of inertial navigation aids, used sensors and systems, their modeling and description. It analyzes in detail the principles of calculations of navigation equations, including methods of
fusion of navigation data and their processing.

BE3M38SPD1| Data acquisition and transfer | zzK | 6
The aim of the course is to acquaint students with the principles and limits of data transmission from sensors and similar sources of information for loT and M2M communication,
wireless sensor networks and specific algorithms used in them, respecting the limiting conditions of their function. The basic algorithms of distributed information processing in sensor
networks will be studied, as well as technologies for obtaining energy for powering wireless nodes of the network.

BE3M38VBMf| Videometry and Contactless Measurement | zzk | 6
The course deals with optoelectronic sensors and their use in non-contact measurement systems based on the principles of videometry; problems of radiation and waves, their properties,
behavior; optical projection system. The course deals with the lab. tasks, it is further solved, practically realized and presented the evaluated project of the optoelectric sensor.

BE3M38VIN1 | Virtual Instrumentation | zzK | 6
The subject deals with modern measuring instruments, virtual instruments (V1) and data acquisition and processing systems (DAQ). It presents principles of instruments and measurement
systems in laboratory and industrial environment, selected measurement methods and standards for programming of VI and DAQ systems.

BE3M38ZDS1| Signal processing and digitization | zzK | 6
Students will gain knowledge for the design and implementation of systems for processing and digitization of analog signals. They will deepen the knowledge acquired in previous
theoretical subject and gain practical experience in the design and analysis of systems for signal processing, AD conversion and data acquisitation. Emphasis is placed on reducing
uncertainties, speed, stability and resistence to interfering signals.

BE3MPROJ6 Project Z 6
BE3MPVTY1 Teamwork z 6

Teamwork is the basis of most of the activities that people perform in companies and their personal lives. In this course, students can try how to solve a technical task in a team, how
to cooperate, how to communicate together and how to solve problems such as project delays, how to include external influences in the plan, etc.

BE4M33MPV | Computer Vision Methods | zzK | 6
The course covers selected computer vision problems: search for correspondences between images via interest point detection, description and matching, image stitching, detection,

recognition and segmentation of objects in images and videos, image retrieval from large databases and tracking of objects in video sequences. This course is also part of the
inter-university programme prg.ai Minor. It pools the best of Al education in Prague to provide students with a deeper and broader insight into the field of artificial intelligence. More
information is available at https://prg.ai/minor.

BE4M33TDV Three-dimensional Computer Vision Z,ZK 6
This course introduces methods and algorithms for 3D geometric scene reconstruction from images. The student will understand these methods and their essence well enough to be
able to build variants of simple systems for reconstruction of 3D objects from a set of images or video, for inserting virtual objects to video-signal source, or for computing ego-motion

trajectory from a sequence of images. The labs will be hands-on, the student will be gradually building a small functional 3D scene reconstruction system and using it to compute a

virtual 3D model of an object of his/her choice.

BE4M36UIR | Artificial Intelligence in Robotics | zzK | 6
The course aims to acquaint students with the use of planning approaches and decision-making techniques of artificial intelligence for solving problems arising in autonomous robotic
systems. Students in the course are employing knowledge of planning algorithms, game theory, and solving optimization problems in selected application scenarios of mobile robotics.
Students first learn architectures of autonomous systems based on reactive and behavioral models of autonomous systems. The considered application scenarios and robotic problems
include path planning, persistent environmental monitoring, robotic exploration of unknown environments, online real-time decision-making, deconfliction in autonomous systems, and

solutions of antagonistic conflicts. In laboratory exercises, students practice their problem formulations of robotic challenges and practical solutions in a realistic robotic simulator or

consumer mobile robots. Tento pfedmét je také soucasti meziuniverzitniho programu prg.ai Minor. Ten spojuje to nejlepsi z vyuky Al v Praze s cilem poskytnout studujicim hlubsi a

Sirsi vhled do oboru umélé inteligence. Vice informaci je k dispozici na webu https://prg.ai/minor.

BECM33MLF | Machine Learning Fundamentals | zzK [ 6

Aktualizace vy$e uvedenych informaci naleznete na adrese _http://bilakniha.cvut.cz/cs/f3.html
Generovano: dne 24.05.2026 v 13:35 hod.
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