Studijni plan

Nazev planu: Medical Electronics and Bioinformatics - Specialization Medical
Instrumentation

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

Obor studia, garantovany katedrou: Uvodni stranka

Garant oboru studia.:

Program studia: Medical Electronics and Bioinformatics

Typ studia: Navazujici magisterské prezenéni

Pfedepsané kredity: 114

Kredity z volitelnych pfedméta: 6

Kredity v rdmci planu celkem: 120

Poznamka k planu:

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

Kod skupiny: 2018_MBIOEP

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 clent) Zakonceni |Kredity |Rozsah | Semestr| Role
Vyucujici, autoFi a garanti (gar.)

Biological signals . ;
BEAM31BSG Petr JeZdik, Roman Cmejla, Michal Novotny Roman Cmejla Roman Cmejla Z,ZK 6 2P+2L L P
(Gar.)

Diploma Project
BEMPROJ6 Roman Cmejla, Petr Po$ik, Jan Kybic, Vratislav Fabian Petr Posik Roman 4 6 Op+6s ZL P
Cmejla (Gar.)

Medical Imaging Systems
BEAM33ZSL Jan Kybic, André Sopczak, Jan Petr Jan Kybic Jan Kybic (Gar.) Z,2K 6 2P+2C L P

Medical Instrumentation and Devices
BEAM31LET Jan Havlik Jan Havlik Jan Havlik (Gar.) 22K 6 2P+2L Za P

Statistical data analysis
BE4M3BSAN S Kieme JiFf Kiin i e (Gar,) Z,ZK 6 |2P+20C z P

Charakteristiky predmett této skupiny studijniho planu: K6d=2018_MBIOEP Nazev=Compulsory subjects of the programme

BEAM31BSG |Biological signals | zzk | 6
Naplni pfedmétu jsou nativni a evokované biosignaly pouzivané v rliznych klinickych borech sou¢asné mediciny a metody jejich snimani, zpracovani, zaznamu a vyhodnocovani v
Casové a frekvenéni oblasti. U vyznamnych biosignalll jsou studenti seznameni s jejich genezi, fyziologickou podstatou, charakteristikami signalli nutnych pro konstrukci pfistroji a
ptipadné s fyzikalnimi a matematickymi modely. V laboratornich Glohach maji studenti prileZitost ke snimani vlastnich biologickych signall a k jejich naslednému zpracovani v
programovém prostfedi MATLAB. Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M31BSG

BEMPROJ6 | Diploma Project | z | 6
Independent work in the form of a project. A student will choose a topic from a range of topics related to his or her branch of study, which will be specified by branch department or
branch departments. The project will be defended within the framework of a subject.

BEAM33ZSL | Medical Imaging Systems | zzk | 6
Obsahem pfedmétu je koncepce, vlastnosti a struktura zobrazovacich systému uzivanych v sou¢asné dobé v Iékarstvi. Jedna se 2D mikroskopické, rentgenové a ultrazvukové
zobrazovaci systémy véetné dopplerovského ultrazvuku. Déle se budeme zabyvat tomografickymi (3D) systémy: pocitacovou tomografii (CT), magnetickou rezonanci (MRI) véetné
funkéni MR a nuklearnimi zobrazovacimi metodami (PET,SPECT). Dal$i informace naleznete na strance https://cw.fel.cvut.cz/wiki/courses/zsl Vysledek studentské ankety predmétu
je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/BEAM33ZSL

BEAM31LET | Medical Instrumentation and Devices | zzK | 6
Daraz je kladen na principy aplikované lékaiské elektroniky pouzivané v modernich pfistrojich. Struktury a funkéni bloky jednotlivych diagnostickych a terapeutickych Iékarskych
pristroju. Elektrokardiografy, elektroencefalografy, elektromyografy, lékafské monitory, pfistroje pro méfeni krevniho tlaku a pritoku krve, pulsni oxymetry, anesteziologické a resuscita¢ni
pfistroje, pfistroje pro klinickou laboratof, elektrostimulatory, kardiostimulatory, defibrilatory, sluchové pomuicky, kochlearni implantaty, terapeutické aplikace ultrazvuku, zaklady
ultrazvukovych diagnostickych systémd, radioterapie a stereotakticka radiochirurgie. Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M31LET

BE4M36SAN | Statistical data analysis | zzK | 6
Cilem predmétu je seznamit se se statistckymi pfistupy k analyze dat nad ramec tradiéni vyuky statistiky a pravdépodobnosti. Kurz se soustfedi na vicepfiznakovou explorativni
statistickou analyzu, prohloubi ale i znalosti konfirmaénich pfistupu.
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Kod skupiny: 2018_MBIOEDIP

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 predmeti této skupiny studijniho planu: K6d=2018_MBIOEDIP Nazev=Diploma Thesis

BDIP30 | Diplomova prace - Diploma Thesis | z | 30
Samostatna zavére¢na prace inzenyrského studia komplexniho charakteru. Téma préace 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 pfedméty specializace
Minimalni pocet kredit bloku: 30
Role bloku: PS

Kod skupiny: 2018_MBIOEPS2

Nazev skupiny: Compulsory subjects of specialization - specialization Medical instrumentation
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
Koéd (u skupiny pfedmétii seznam koédu jejich élent) Zakonceni |Kredity |Rozsah | Semestr| Role
Vyucujici, autoFi a garanti (gar.)

Analog Signal Processing
BEAM31ZAS Jifi Hospodka Jifi Hospodka Jifi Hospodka (Gar.) Z,ZK 6 2P+2C L PS

Applications of Electromagnetic Fields in Medicine
BEAM17EPM Jan Vrba Jan Vrba Jan Vrba (Gar.) 22K 6 2P+2L L PS

Construction of Medical Systems
BEAM3BKLS Jan Holub Jan Holub Jan Holub (Gar) 22K 6 |2P2L] 2 i

Neurophysiology
BEAM3TNPG Premysl Jiruska, Helena Pivorikova Pfemysl Jiruska Premysl Jiruska (Gar.) Z,ZK 6 2P+2C Za PS

Physics for Diagnostics and Therapy
BEAMO2FPT Vratislav Fabian, Jan Vrba, Ladislav Oppl, Jaroslav Jira Vratislav Fabian Z,ZK 6 2P+2L PS
Vratislav Fabian (Gar.)

Charakteristiky predmetu této skupiny studijniho planu: K6d=2018_MBIOEPS2 Nazev=Compulsory subjects of specialization -
specialization Medical instrumentation

BEAM31ZAS | Analog Signal Processing | zzK | 6
Predmét se zabyva analogovymi vstupné-vystupnimi bloky pro pfenos a zpracovani signalli. Jsou diskutovana obvodové feseni zesilovacu a filtr(i, véetné jejich navrhu, simulace a
meéreni. Studenti se seznami s obvodovou koncepci a moznostmi feSeni soudobych analogovych struktur. V druhé ¢asti jsou uvedeny navrhové postupy a moznosti realizace analogovych
kmito&tovych filtri, véetné diskrétné pracujicich obvodl. Zavér je vénovan moznostem pocitacové optimalizace elektronickych obvodu a filtra.

BEAM17EPM | Applications of Electromagnetic Fields in Medicine | zzk | 6

The major aim of these lectures is to give to students a basic overview of biophysical aspects of EM fields in different biological systems, including an overview of microwave applications
in medicine. Safety limits, clinical usage of EM field effects on biological systems, microwave hyperthermia, measurement of dielectric parameters of biological tissues, EM exposure
of mobile phone users, magnetic resonance imaging, interaction of optical radiation with biological tissue.

BEAM38KLS Construction of Medical Systems Z,ZK 6

BEAM31NPG Neurophysiology Z,ZK 6

The course will provide an introduction to the structure and function of the neural system and the mechanisms behind major diseases of the human brain. It will combine topics from
various disciplines ranging from electrophysiology, neurobiology, neuroanatomy, neurology, psychiatry to biophysics and bioengineering. Understanding the principles how the human
brain works in health and disease represents a crucial prerequisite for the development and implementation of modern engineering technologies to better diagnose and treat brain
disorders.

BEAMO2FPT | Physics for Diagnostics and Therapy | zzK | 6

V ramci tohoto pfedmétu se studenti v prvnich sedmi pfednaskach seznami s problematikou civilizaénich chorob pohybového Ustroji a Ié€by bolesti pohybového aparatu. Velky prostor
je vénovan elektroterapeutickym metodam, terapeutickému ultrazvuku a fototerapii. Dale jsou probirany pokrocilé neurorehabilitaéni metody, zejména metody transkranialni stimulace
mozku (repetitivni transkranialni magneticka stimulace mozku - rTMS, transkraniélni elektricka stimulace mozku - tDCS a elektrokonvulzivni terapie - ECT) Ve druhé poloviné semestru
je vénovana pozornost moznostem vyuziti ionizujiciho elektromagnetického pole v I1ékafské diagnostice a terapii (napf. RTG, protonova terapie, radioterapie atd.).

Nazev bloku: Povinné volitelné predméty
Minimalni poCet kreditl bloku: 24
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Role bloku: PV

Kod skupiny: 2018_MBIOEPPV2

Nazev skupiny: Compulsory elective subjects of the programme

Podminka kredity skupiny: V této skupiné musite ziskat 24 kreditt
Podminka pfedméty skupiny: V této skupiné musite absolvovat 4 pfedmeéty
Kredity skupiny: 24

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.)

BEAM31ADA Adaptive signal processing Z,ZK 6 2P+2C 4 PV
Advanced Algorithms

BE4M33PAL Max Hollmann, Ondfej Drbohlav, Daniel Prisa Daniel Prasa Daniel Prisa Z,ZK 6 2P+2C Y4 PV
(Gar.)

BEAM31AOL Applied optoelectronics in medicine Z.7K 6 2P+2C L PV
Jan Havlik ’
Bioinformatics

BEAMSEBIN Jiti Kléma Jifi Kléma Jifi Kléma (Gar.) 22K 6 2P+2C L PV
Biosensors

BEAMO2BIO Bohuslav Rezek Bohuslav Rezek Bohuslav Rezek (Gar.) 22K 6 2P+2L z PV

BE4M35KO Combinatorial Optimization Z.ZK 6 3P+2C L PV

Zdenék Hanzélek Zdenék Hanzalek Zdenék Hanzalek (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.)
Digital Signal Processing

BE2M31DSPA Petr Pollak Petr Pollak Petr Pollak (Gar.) Z,ZK 6 2P+2C Z PV
Introduction to Electromagnetic Compatibility

BEAM17EMC Tomas Korinek Tomas Kofinek Tomas Korinek (Gar.) Z,ZK 6 2P+2L z PV
Machine Learning Fundamentals

BECM33MLF Vojtéch Franc Vojtéch Franc Vojtéch Franc (Gar.) 22K 6 2P+2C L.z PV
Medical Image Processing

BEAM33ZMO Jan Kybic, Oleksandr Shekhovtsov Jan Kybic Jan Kybic (Gar.) Z,ZK 6 2P+2C z PV

BEAM31MOA Modeling and analysis of brain activity Z,ZK 6 2P+2C z PV

BEAM33MOS Modeling and Simulation Z,ZK 6 |2P+2c| Z PV
Petr Posik

BE4M36MBG Molecular Biology and Genetics Z.ZK 6 3P+1C L PV

Martin Pospisek Martin Pospisek Martin Pospisek (Gar.)

Neuroinformatics
BEAMS33NIN Giulia DAAngelo, Karla Stépanova, Jan Antolik, Daniel Novak, Eduard Bakstein, Z,ZK 6 2P+2C L PV
David Kala, Jiti Hammer Daniel Novak Daniel Novéak (Gar.)

Symbolic Machine Learning
BE4M36SMU Filip Zelezny, Ondfej Kuzelka, Gustav Sir OndFej KuzZelka Ondrej Kuzelka Z,ZK 6 2P+2C L PV
(Gar.)

Charakteristiky predmett této skupiny studijniho planu: K6d=2018_MBIOEPPV2 Nazev=Compulsory elective subjects of the programme

BEAM31ADA | Adaptive signal processing |  zzk | 6
Tento pfedmét prezentuje zakladni principy adaptivnich algoritm( pro filtraci, dekorelaci, separaci a beamformingu. Jsou probirany algoritmy pro adaptivni estimaci a predikci. Je
analyzovano jejich chovani, rizné zplsoby implementace a praktické aplikace. Dale jsou vysvétleny algoritmy pro adaptivni dekorelaci a separaci vicerozmérnych signalt. Nakonec
jsou probrany techniky pro adaptivni tvarovani pfijimaci charakteristiky fady senzord (beamforming).

BE4M33PAL | Advanced Algorithms | zzK | 6
Basic graph algorithms and graph representation. Combinatorial algorithms. Application of formal languages theory in computer science - pattern matching.

BEAM31AOL Applied optoelectronics in medicine Z,ZK 6
BEAMB36BIN Bioinformatics Z,7ZK 6

The goal of the course is to explain the principles used in algorithms for processing molecular data. The course contains algorithms for sequence assembly, sequence alignment,
sequence probabilistic and grammatical modelling, algorithms used for finding connections between primary and secondary/tertial structure of proteins and their functions and interactions,
algorithms for analysis of data from highly parallel measurements (especially gene expression), and algorithms for modelling processes as metabolism and regulation of gene expression.

BEAMO02BIO | Biosensors |  zzk | 6

This course introduces the physical, electronic, biological principles of biosensors and provides information on past, present and future technologies. Various mechanisms and sensor
concepts for specific applications (such as detection of glucose, urea, proteins, cells, bacteria, etc.) are explained. In addition, the course introduces the use of modern nanostructures
and nanomaterials in biosensors to achieve reliable and sensitive devices for diagnosis at the point of care, in food safety or environmental monitoring. We will also discuss current
challenges and future perspectives for various applications of biosensors.

BE4M35KO | Combinatorial Optimization | zzk | 6

The goal is to show the problems and algorithms of combinatorial optimization (often called discrete optimization; there is a strong overlap with the term operations research). Following
the courses on linear algebra, graph theory, and basics of optimization, we show optimization techniques based on graphs, integer linear programming, heuristics, approximation
algorithms and state space search methods. We focus on application of optimization in stores, ground transportation, flight transportation, logistics, planning of human resources,
scheduling in production lines, message routing, scheduling in parallel computers.
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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.

BE2M31DSPA | Digital Signal Processing | zzK | 6

The subject gives overview about basic methods of digital signal processing and their applications (examples from speech and biological signal processing): disrete-time signals and
systems, signal characteristics in time and frequency domain, Fourier transform, fast algorithms for DFT computation, introduction to digital filter design, digital filtering in time and
frequency domain, decimation and interpolation and their usage in filter banks, basics of LPC analysis. Further details can be found at &lt;a
href=http://noel.feld.cvut.cz/vyu/be2m31dspa&gt;http://noel.feld.cvut.cz/vyu/be2m31dspadlt;/a&gt; .

BEAM17EMC | Introduction to Electromagnetic Compatibility |  zzK | 6

The course dwells on problems of electromagnetic compatibility. Students obtain the basic knowledges in the field of electromagnetic compatibility - electromagnetic interference,
susceptibility and testing methods. The course leads to gain professional skills in the field of electrical engineering.

BECM33MLF Machine Learning Fundamentals Z,ZK 6
BEAM33ZMO Medical Image Processing Z,ZK 6
Pfedmét popisuje algoritmy digitalniho zpracovani 2D a 3D obrazd, s ddrazem na biomedicinské aplikace. Dlkladnéji proto budou probrany zejména nejpouzivanéjsi techniky pfi
zpracovani medicinskych obraz(i: segmentace, registrace, a klasifikace. Metody budou ilustrovany fadou pfikladd na lékafskych datech. Studenti si vyzkous$i implementaci nékterych
algoritm0 v ramci cviéeni. Vzhledem k velmi znaénému prekryvu predmétti A6M33ZMO a A4M33DZO budou tyto pfedméty v letoSnim roce vyucovany spole¢né. Prosim sledujte www
stranku pfedmétu. http://cw.felk.cvut.cz/doku.php/courses/abm33zmo/start Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M33ZMO
BEAM31MOA | Modeling and analysis of brain activity | zzK | 6
Tento pfedmét pokryva zakladni metody modelovani a analyzy mozkové aktivity. Po zavedeni/zopakovani zékladnich pojmd dynamickych systém( budou studovany piiklady generativnich
modeld mozkové aktivity, napfi¢ drovnim od modelt dynamiky na membrané neuronu po aktivu neuralnich populaci a jejich interakci. V druhé ¢asti kurzu se budeme vénovat metodam
analyzy a statistického modelovani mozkové aktivity od zékladnich metod analyzy funkéni a efektivni konektivity mozku az po pokroéilé partie grafové analyzy struktury mozkovych
siti.

BEAM33MOS | Modeling and Simulation |  zzk | 6
Modelovaci techniky ¢asto pouzivané v Biomedicinském inZzenyrstvi a odpovidajici programové nastroje: Matlab - Simulink, Modelica. Technologie modelovani a procesy s tim souvisejici.
Typy modell, modely spojitého a diskrétniho ¢asu, modely linearni a nelinearni se soustfedénymi parametry a jejich realizace v programovém prosttedi. Formalizace a vytvoreni
modelu k zvolenému systému, jeho identifikace, verifikace a interpretace. Rovnovazné stavy (homeostaza) a jejich vySetfovani simulacemi. Modely rozpojenych a zpétnovazebnich
systéma. Pouziti fuzzy-neuronovych modell v biomediciné. Modely jednotlivych systéma i celych soustav definovanych v Biomedicinském inzenyrstvi. Modely bunéénych a fyziologickych
regulaci, modely populaci. Aplikace modelti pfi tvorb& umélych organd. MiSTO VYUKY: Vyuka bude probihat na 1.LF UK, U nemocnice 4, uéebna DEKP2, ptizemi, &islo dvefi 1.26,
U nemocnice 5, Oddéleni biokybernetiky, Ustav patologické fyziologie. Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M33MOS
BE4M36MBG | Molecular Biology and Genetics | zzK | 6
Predmét si klade za cil vysvétlit zaklady molekularni biologie v historickém kontextu vyvoje molekularni genetiky. Dliraz je kromé nezbytné faktografie kladen na vysvétleni experiment,
které vedly k zasadnim objevim molekularni biologie. VeSkeré vysvétlované biologické procesy jsou paralelné vysvétlovany na zastupcich vSech tfech hlavnich forem Zivota - bakteriich,
archaea a eukaryotech. Existuji-li rozdily na urovni replikace a projevu genetické informace mezi jednobuné€nymi a mnohobunéénymi, jsou porovnani i zastupci téchto. Pfednaska
obsahuje i praktické odkazy zejména do medicinské praxe. Budou probirany i zéklady genomiky a proteomiky a zéklady genového inZzenyrstvi. Roli cvi¢eni naplni doprovodné blokové
praktikum, které sestava z teoretické, demonstraéni a praktické ¢asti.

BEAM33NIN | Neuroinformatics | zzK | 6
Pfedmét je zaméfen na modelovani neurond, metody u€eni na celularni trovni, zpracovani signald neurond, kddovani a dekédovani informace v mozku. Pfednasky aplikuji ziskané
poznatky na pfiklady z neurofyziologické praxe. Cvi¢eni jsou zaméFeny na analyzu zaznama signalt neuront ziskanych ze zvifeciho i lidského mozku.

BE4M36SMU | Symbolic Machine Learning | zzk | 6

This course consists of four parts. The first part of the course will explain methods through which an intelligent agent can learn by interacting with its environment, also known as
reinforcement learning. This will include deep reinforcement learning. The second part focuses on Bayesian networks, specifically methods for inference. The third part will cover
fundamental topics from natural language learning, starting from the basics and ending with state-of-the-art architectures such as transformer. Finally, the last part will provide an
introduction to several topics from the computational learning theory, including the online and batch learning settings.

Nazev bloku: VoliteIné pfedméty
Minimalni pocet kreditd bloku: 0
Role bloku: V

Kod skupiny: 2018_MBIOEVOL

Nazev skupiny: Elective subjects

Podminka kredity skupiny:

Podminka pfedméty skupiny:

Kredity skupiny: 0

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

skupiné: Engineering and Management, EK - Electronics and Communications, KYR - Cybernetics 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
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Seznam predmétt tohoto prichodu:

Kod Nazev predmétu Zakonceni | Kredity

BDIP30 Diplomova préace - Diploma Thesis z 30
Samostatna zavéreéna prace inzenyrského studia komplexniho charakteru. Téma préace 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.

BE2M31 DSPA| Digital Signal Processing Z,ZK 6
The subject gives overview about basic methods of digital signal processing and their applications (examples from speech and biological signal processing): disrete-time signals and
systems, signal characteristics in time and frequency domain, Fourier transform, fast algorithms for DFT computation, introduction to digital filter design, digital filtering in time and
frequency domain, decimation and interpolation and their usage in filter banks, basics of LPC analysis. Further details can be found at &lt;a
href=http://noel.feld.cvut.cz/vyu/be2m31dspa&gt;http://noel.feld.cvut.cz/vyu/be2m31dspa&it;/a&gt; .

BE4M33MPV Computer Vision Methods Z,ZK 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.

BE4M33PAL | Advanced Algorithms | zzk | 6
Basic graph algorithms and graph representation. Combinatorial algorithms. Application of formal languages theory in computer science - pattern matching.
BE4M35KO | Combinatorial Optimization | zzK | 6

The goal is to show the problems and algorithms of combinatorial optimization (often called discrete optimization; there is a strong overlap with the term operations research). Following
the courses on linear algebra, graph theory, and basics of optimization, we show optimization techniques based on graphs, integer linear programming, heuristics, approximation
algorithms and state space search methods. We focus on application of optimization in stores, ground transportation, flight transportation, logistics, planning of human resources,

scheduling in production lines, message routing, scheduling in parallel computers.

BE4M36MBG | Molecular Biology and Genetics ZZK | 6
Predmeét si klade za cil vysvétlit zaklady molekularni biologie v historickém kontextu vyvoje molekularni genetiky. Dliraz je kromé nezbytné faktografie kladen na vysvétleni experiment,
které vedly k zasadnim objevim molekularni biologie. VeSkeré vysvétlované biologické procesy jsou paralelné vysvétlovany na zastupcich vSech tfech hlavnich forem Zivota - bakteriich,
archaea a eukaryotech. Existuji-li rozdily na drovni replikace a projevu genetické informace mezi jednobuné€nymi a mnohobuné&nymi, jsou porovnani i zastupci téchto. Pfednaska
obsahuje i praktické odkazy zejména do medicinské praxe. Budou probirany i zéklady genomiky a proteomiky a zéklady genového inZzenyrstvi. Roli cvi¢eni napini doprovodné blokové
praktikum, které sestava z teoretické, demonstracni a praktické ¢asti.

BE4M36SAN | Statistical data analysis | zzK | 6
Cilem predmétu je seznamit se se statistckymi pfistupy k analyze dat nad ramec tradi¢ni vyuky statistiky a pravdépodobnosti. Kurz se sousttedi na vicepfiznakovou explorativni
statistickou analyzu, prohloubi ale i znalosti konfirmaénich pfistupd.

BE4M36SMU | Symbolic Machine Learning | zzK | 6
This course consists of four parts. The first part of the course will explain methods through which an intelligent agent can learn by interacting with its environment, also known as
reinforcement learning. This will include deep reinforcement learning. The second part focuses on Bayesian networks, specifically methods for inference. The third part will cover
fundamental topics from natural language learning, starting from the basics and ending with state-of-the-art architectures such as transformer. Finally, the last part will provide an

introduction to several topics from the computational learning theory, including the online and batch learning settings.

BEAMO02BIO | Biosensors Z,ZK 6
This course introduces the physical, electronic, biological principles of biosensors and provides information on past, present and future technologies. Various mechanisms and sensor
concepts for specific applications (such as detection of glucose, urea, proteins, cells, bacteria, etc.) are explained. In addition, the course introduces the use of modern nanostructures

and nanomaterials in biosensors to achieve reliable and sensitive devices for diagnosis at the point of care, in food safety or environmental monitoring. We will also discuss current

challenges and future perspectives for various applications of biosensors.

BEAMO2FPT Physics for Diagnostics and Therapy | Z,ZK 6
V ramci tohoto pfedmétu se studenti v prvnich sedmi pfednaskach seznami s problematikou civilizaénich chorob pohybového Ustroji a Ié€by bolesti pohybového aparatu. Velky prostor
je vénovan elektroterapeutickym metodam, terapeutickému ultrazvuku a fototerapii. Dale jsou probirany pokrocilé neurorehabilitaéni metody, zejména metody transkranialni stimulace
mozku (repetitivni transkranialni magneticka stimulace mozku - rTMS, transkraniélni elektricka stimulace mozku - tDCS a elektrokonvulzivni terapie - ECT) Ve druhé poloviné semestru
je vénovana pozornost moznostem vyuziti ionizujiciho elektromagnetického pole v Iékafské diagnostice a terapii (napf. RTG, protonova terapie, radioterapie atd.).

BEAM17EMC| Introduction to Electromagnetic Compatibility | zzK | 6
The course dwells on problems of electromagnetic compatibility. Students obtain the basic knowledges in the field of electromagnetic compatibility - electromagnetic interference,
susceptibility and testing methods. The course leads to gain professional skills in the field of electrical engineering.

BEAM17EPM| Applications of Electromagnetic Fields in Medicine | zzK | 6
The major aim of these lectures is to give to students a basic overview of biophysical aspects of EM fields in different biological systems, including an overview of microwave applications
in medicine. Safety limits, clinical usage of EM field effects on biological systems, microwave hyperthermia, measurement of dielectric parameters of biological tissues, EM exposure
of mobile phone users, magnetic resonance imaging, interaction of optical radiation with biological tissue.

BEAM31ADA | Adaptive signal processing ] Z,ZK | 6
Tento pfedmét prezentuje zakladni principy adaptivnich algoritmd pro filtraci, dekorelaci, separaci a beamformingu. Jsou probirany algoritmy pro adaptivni estimaci a predikci. Je
analyzovano jejich chovani, riizné zpusoby implementace a praktické aplikace. Dale jsou vysvétleny algoritmy pro adaptivni dekorelaci a separaci vicerozmérnych signald. Nakonec
jsou probrany techniky pro adaptivni tvarovani pfijimaci charakteristiky fady senzort (beamforming).

BEAM31AOL Applied optoelectronics in medicine Z,ZK 6

BEAM31BSG Biological signals Z,ZK 6
NéplIni pfedmétu jsou nativni a evokované biosignaly pouzivané v riiznych klinickych borech sou¢asné mediciny a metody jejich snimani, zpracovani, zaznamu a vyhodnocovani v
&asové a frekvenéni oblasti. U vyznamnych biosignald jsou studenti seznameni s jejich genezi, fyziologickou podstatou, charakteristikami signalt nutnych pro konstrukci pfistroju a
pfipadné s fyzikalnimi a matematickymi modely. V laboratornich Glohach maji studenti pfilezZitost ke snimani vliastnich biologickych signall a k jejich naslednému zpracovéani v
programovém prosttedi MATLAB. Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M31BSG

BEAM31LET | Medical Instrumentation and Devices | zzK | 6
Daraz je kladen na principy aplikované lékarské elektroniky pouzivané v modernich pfistrojich. Struktury a funkéni bloky jednotlivych diagnostickych a terapeutickych Iékarskych
pristroju. Elektrokardiografy, elektroencefalografy, elektromyografy, lékafské monitory, pfistroje pro méfeni krevniho tlaku a pratoku krve, pulsni oxymetry, anesteziologické a resuscitacni
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pristroje, pfistroje pro klinickou laboratof, elektrostimulatory, kardiostimulatory, defibrilatory, sluchové pomtcky, kochlearni implantaty, terapeutické aplikace ultrazvuku, zaklady
ultrazvukovych diagnostickych systémdl, radioterapie a stereotakticka radiochirurgie. Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M31LET

BEAM31MOA| Modeling and analysis of brain activity | zzk | 6
Tento pfedmét pokryvéa zakladni metody modelovani a analyzy mozkové aktivity. Po zavedeni/zopakovani zékladnich pojmi dynamickych systémi budou studovany pfiklady generativnich
modell mozkové aktivity, napfi¢ arovnim od modelt dynamiky na membrané neuronu po aktivu neuralnich populaci a jejich interakci. V druhé ¢asti kurzu se budeme vénovat metodam
analyzy a statistického modelovani mozkové aktivity od zakladnich metod analyzy funkéni a efektivni konektivity mozku az po pokrogilé partie grafové analyzy struktury mozkovych
siti.

BEAM31NPG]| Neurophysiology | zzK | 6
The course will provide an introduction to the structure and function of the neural system and the mechanisms behind major diseases of the human brain. It will combine topics from
various disciplines ranging from electrophysiology, neurobiology, neuroanatomy, neurology, psychiatry to biophysics and bioengineering. Understanding the principles how the human
brain works in health and disease represents a crucial prerequisite for the development and implementation of modern engineering technologies to better diagnose and treat brain
disorders.

BEAM31ZAS | Analog Signal Processing | zzk | 6
Pfedmét se zabyva analogovymi vstupné-vystupnimi bloky pro pfenos a zpracovani signald. Jsou diskutovana obvodové feseni zesilovacu a filtrd, vEetné jejich navrhu, simulace a
méfeni. Studenti se seznami s obvodovou koncepci a moznostmi feSeni soudobych analogovych struktur. V druhé €asti jsou uvedeny navrhové postupy a moznosti realizace analogovych
kmito&tovych filtrd, véetné diskrétné pracujicich obvodu. Zavér je vénovan moznostem pocitacové optimalizace elektronickych obvodu a filtrd.

BEAM33MOS] Modeling and Simulation | zzk | 6
Modelovaci techniky ¢asto pouzivané v Biomedicinském inZzenyrstvi a odpovidajici programové nastroje: Matlab - Simulink, Modelica. Technologie modelovani a procesy s tim souvisejici.
Typy modell, modely spojitého a diskrétniho ¢asu, modely linearni a nelinearni se soustfedénymi parametry a jejich realizace v programovém prosttedi. Formalizace a vytvoreni
modelu k zvolenému systému, jeho identifikace, verifikace a interpretace. Rovnovazné stavy (homeostaza) a jejich vySetfovani simulacemi. Modely rozpojenych a zpétnovazebnich
systémd. Pouziti fuzzy-neuronovych modell v biomediciné. Modely jednotlivych systému i celych soustav definovanych v Biomedicinském inzenyrstvi. Modely bunéénych a fyziologickych
regulaci, modely populaci. Aplikace modelti pfi tvorb& umélych organt. MiSTO VYUKY: Vyuka bude probihat na 1.LF UK, U nemocnice 4, uéebna DEKP2, ptizemi, &islo dvefi 1.26,
U nemocnice 5, Oddéleni biokybernetiky, Ustav patologické fyziologie. Vysledek studentské ankety pfedmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M33MOS

BEAMS33NIN | Neuroinformatics | zzk | 6
Pfedmét je zaméfen na modelovani neurond, metody uéeni na celularni Urovni, zpracovani signald neurond, kddovani a dekédovani informace v mozku. Pfednasky aplikuji ziskané
poznatky na priklady z neurofyziologické praxe. Cvi¢eni jsou zaméfeny na analyzu zaznamu signalt neuron(l ziskanych ze zvifeciho i lidského mozku.

BEAM33ZMO| Medical Image Processing | zzk | 6
Predmét popisuje algoritmy digitalniho zpracovani 2D a 3D obrazu, s ddrazem na biomedicinské aplikace. Dlkladnéji proto budou probrany zejména nejpouzivanéjsi techniky pfi
zpracovani medicinskych obrazl: segmentace, registrace, a klasifikace. Metody budou ilustrovany fadou pf¥ikladd na Iékafskych datech. Studenti si vyzkous$i implementaci nékterych
algoritm0 v ramci cviéeni. Vzhledem k velmi znaénému prekryvu predméti A6M33ZMO a A4M33DZO budou tyto pfedméty v letoSnim roce vyucovany spole¢né. Prosim sledujte www
stranku pfedmétu. http://cw.felk.cvut.cz/doku.php/courses/abm33zmof/start Vysledek studentské ankety predmétu je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/A6M33ZMO

BEAMS33ZSL | Medical Imaging Systems | zzk | 6
Obsahem prfedmétu je koncepce, vlastnosti a struktura zobrazovacich systému uzivanych v sou¢asné dobé v lékarstvi. Jedna se 2D mikroskopické, rentgenové a ultrazvukové
zobrazovaci systémy véetné dopplerovského ultrazvuku. Déle se budeme zabyvat tomografickymi (3D) systémy: pocitacovou tomografii (CT), magnetickou rezonanci (MRI) véetné
funkéni MR a nuklearnimi zobrazovacimi metodami (PET,SPECT). DalSi informace naleznete na strance https://cw.fel.cvut.cz/wiki/courses/zs| Vysledek studentské ankety predmétu
je zde: http://www.fel.cvut.cz/anketa/aktualni/courses/BEAM33ZSL

BEAM36BIN | Bioinformatics | zzK | 6
The goal of the course is to explain the principles used in algorithms for processing molecular data. The course contains algorithms for sequence assembly, sequence alignment,
sequence probabilistic and grammatical modelling, algorithms used for finding connections between primary and secondary/tertial structure of proteins and their functions and interactions,
algorithms for analysis of data from highly parallel measurements (especially gene expression), and algorithms for modelling processes as metabolism and regulation of gene expression.

BEAMB38KLS Construction of Medical Systems Z,ZK 6
BECM33MLF Machine Learning Fundamentals Z,ZK 6
BEMPROJ6 Diploma Project z 6

Independent work in the form of a project. A student will choose a topic from a range of topics related to his or her branch of study, which will be specified by branch department or
branch departments. The project will be defended within the framework of a subject.

Aktualizace vy$e uvedenych informaci naleznete na adrese _http://bilakniha.cvut.cz/cs/f3.html
Generovano: dne 05.05.2026 v 18:07 hod.
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