
Study plan 

Name of study plan: Transportation Systems and Technology (EN) 

Faculty/Institute/Others: 
Department: 
Branch of study guaranteed by the department: Welcome page 
Garantor of the study branch:     
Program of study: Transportation Systems and Technology 
Type of study: Doctoral 
Required credits: 0 
Elective courses credits: 0 
Sum of credits in the plan: 0 
Note on the plan: 

Name of the block: Compulsory courses in the program 
Minimal number of credits of the block: 0 
The role of the block: P 

Code of the group: D-P-D-25 
Name of the group: Compulsory courses Ph.D. D from 25/26 
Requirement credits in the group: 
Requirement courses in the group: In this group you have to complete 3 courses 
Credits in the group: 0 
Note on the group:​

Role Semester Scope Credits Completion 

Name of the course / Name of the group of courses 
(in case of groups of courses the list of codes of their 
members) 
Tutors,  authors  and guarantors (gar.) 

Code 

P ZK Applied Mathematics 11APM 

P ZK 12DIB 

P ZK Foreign Language - English 15JAA 

Characteristics of the courses of this group of Study Plan: Code=D-P-D-25 Name=Compulsory courses Ph.D. D from 25/26 
ZK Applied Mathematics 11APM 

Random processes and real applications Bayesian prediction model of stochastic system (distribution, equations) Continuous and discrete model - simulation of dynamical systems 
System state, state-space model, filtering (Kalman filter) Estimation of model parameters - Bayes relation, reproducibility, exponential family of distributions Estimation statistics of 
continuous and discrete model, on-line recalculation of statistics, point estimates Estimation of models with non-Gaussian or non-categorical distribution reproducibility, point estimates 
Prediction with Bayesian model Finite interval control, dynamic programming, Riccati equations, algorithmization Mixture models of distributions with continuous and discrete components, 
hierarchical mixtures Estimation of mixture of distributions Mixture estimation for clustering and classification Hierarchical mixture estimation Prediction with mixture model 

ZK 12DIB 
Theory and application of non-bunched (free) vehicle movement. Theory of traffic flow. Methods for determining the capacity of the road and motorway link sections. Methods for 
determining the capacity of give-way intersections, signalized intersections and roundabouts. Shock wave of traffic flow. Prognostic transport models (aggregated and disaggregated). 
Calibration and balancing of models. Segregation and integration of transport on public roads and motorways. Conceptual documents in transport and their preparation, strategy. 
Selection of appropriate data within the analytical part of the sustainable mobility plan. Use of data from mobile operators for traffic analysis. Scenarios of future development of 
sustainable mobility, vision, basic measurable goals. Monitoring and evaluation of transport measures and projects. Indicators for mobility, smart cities. Technical expertise in transportation 
Road accident analysis Road accident prevention 

ZK Foreign Language - English 15JAA 

Name of the block: Compulsory elective courses 
Minimal number of credits of the block: 0 
The role of the block: PV 

Code of the group: D-J-25 
Name of the group: Second language Ph.D. from 25/26 
Requirement credits in the group: 
Requirement courses in the group: In this group you have to complete 1 course 
Credits in the group: 0 
Note on the group:​
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Role Semester Scope Credits Completion 

Name of the course / Name of the group of courses 
(in case of groups of courses the list of codes of their 
members) 
Tutors,  authors  and guarantors (gar.) 

Code 

PV Z Foreign Language - French 15JAF 

PV Z Foreign Language - German 15JAN 

PV Z Foreign Language - Russian 15JAR 

PV Z Foreign Language - Spanish 15JAS 

Characteristics of the courses of this group of Study Plan: Code=D-J-25 Name=Second language Ph.D. from 25/26 
Z Foreign Language - French 15JAF 

Introductory lecture. Literature, Internet sources. Revision of the most important grammar parts. Professional texts grammatical, lexical and stylistic characteristics. Public transport. 
Paris x Prague. Underground. Trams in France. Rail transport. Records of TGV. Air transport. Air fleet. Road transport. Motorways, toll. Transport safety. Terminology of the selected 
study area, specific terminology in French. Translation of professional texts. Consultation for the presentation of doctoral thesis - spelling, lexical and stylistic arrangement Written 
presentation of doctoral thesis, summary, discussion. Oral presentation of a professional article from the area of transport The course has a form of consultation hours during a period 
of two semesters. A precondition for receiving the credit is mastering of basic grammar and terminology needed for presentations of independent work within the field of one's 
specialisation, such as reading specialised texts and submitting a resume of dissertation thesis. 

Z Foreign Language - German 15JAN 
Research, work with German search engines. Main grammatical structures, their practical application in particular texts verb forms, Participle. Main grammatical structures, their practical 
application in particular texts sentence structure Stylistic and lexical features of professional language, text work. Usage of passive in professional texts. Work with professional texts, 
text structure, presentation of professional contents. Specific language means in description of graphs. Translation of professional texts examples from the study area. Vocabulary of 
specific professional terms, comparison of Czech and German terminology of the given study area Preparation of presentation of student´s own doctoral thesis. Written presentation 
of the doctoral thesis. Oral presentation of the doctoral thesis in PowerPoint. Individual presentation with a professional topic Summary The course has a form of consultation hours 
during a period of two semesters. A precondition for receiving the credit is mastering of basic grammar and terminology needed for presentations of independent work within the field 
of one's specialisation, such as reading specialised texts and submitting a resume of dissertation thesis. 

Z Foreign Language - Russian 15JAR 
Research, work with Russian search engines. Main grammatical structures, test sources, their application verb forms. Main grammatical structures, test sources, their application 
sentence structure, inflection. Stylistic features of professional language, text work. Usage of passive in professional texts. Individual presentation of professional texts practice. Specific 
language means, graph description, lexical means of written professional text. Translation of professional texts practice. Creation of database of specific professional terms, comparison 
of Czech and Russian terminology of the given area. Syntactic-semantic structure with presentation of a professional work (prepared sources and their practical application). Written 
presentation of the prepared doctoral work. Oral presentation of the doctoral work in PowerPoint. Individual presentation with a professional topic. The course has a form of consultation 
hours during a period of two semesters. A precondition for receiving the credit is mastering of basic grammar and terminology needed for presentations of independent work within the 
field of one's specialisation, such as reading specialised texts and submitting a resume of dissertation thesis. 

Z Foreign Language - Spanish 15JAS 
Introducción. Presente. / Introductory lecture. Present simple. Medios de transporte. / Transport means. Futuro. Perífrasis ir a + inf./ Future tense. Phrase ir a + inf. Transporte en la 
República Checa. / Transport in the Czech Republic. Pretérito perfecto compuesto. / Past tense perfect. Transporte en España e Iberoamérica. / Transport in Spain and Latin America. 
Pretérito perfecto imperfecto. / Past tense continuous. Política de transporte de la UE. / Transport politics in the EU. Pretérito perfecto simple. / Past simple. Accidentes. / Accidents. 
Curiosidades. / Interesting facts in transport. CV. Carta de motivación. / CV. Letter of motivation. Repaso. / Repetition. Presentación + examen. / Presentation + written test. 

Code of the group: D-V-D-25 
Name of the group: Compulsory elective courses Ph.D. D from 25/26 
Requirement credits in the group: 
Requirement courses in the group: In this group you have to complete at least 1 course ( at most  22) 
Credits in the group: 0 
Note on the group:​

Role Semester Scope Credits Completion 

Name of the course / Name of the group of courses 
(in case of groups of courses the list of codes of their 
members) 
Tutors,  authors  and guarantors (gar.) 

Code 

PV ZK Active safety 16ABI 

PV ZK Applied Strength and Elasticity 18APP 

PV ZK Automation of Transportation and Construction Technology 16AT 

PV ZK Non-contact measurements in experimental mechanics 18BME 

PV ZK Safety of Transport 12BZD 

PV ZK Biomechanics and Human Safety in Transport 18BBC 

PV ZK Transport and Land - Use Planning 12DRU 

PV ZK Dynamics and computational methods in vehicle design and 
testing 

16DVZ 

PV ZK Economics of Transport and Telecommunication 17EDTD 

PV ZK Building Information Modelling 12BIM 

PV ZK Information Technologies in Transportation 14ITV 

PV ZK Rail Transport 12KOD 

PV ZK Materials for Transport Structures 18MKD 

PV Z,L ZK Modeling of Traffic Accidents Causations and Processes 22MPN 
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PV ZK Numerical methods of mechanics and dynamics 18NMMD 

PV ZK Reverse Engineering Procedures in Transportation 22PRI 

PV ZK Transport Operation and Transport Excesses 12REX 

PV ZK Technology of Railway Transport 17TZEL 

PV ZK Traffic Flow Theory II 12TIR2 

PV ZK Theory of Transport 17TRDL 

PV ZK Selected Environmental Issues in Transport 12VPE 

PV ZK Testing Methods of Structures and Materials 18ZKM 

Characteristics of the courses of this group of Study Plan: Code=D-V-D-25 Name=Compulsory elective courses Ph.D. D from 25/26 
ZK Active safety 16ABI 

- ADAS and driver support systems, their relation to active safety. - Automated driving systems. - Mechatronic active safety systems of vehicles. - Electronic active vehicle safety 
systems. - Predictive active vehicle safety systems. - Cooperating active vehicle safety systems. - Risk assessment of vehicle systems using FMEA (Failure Mode and Effect Analysis). 
- Application of DoE (Design of Experiment) methods. - Laboratory testing of active safety systems in VR (Virtual Reality) environments. - Laboratory testing of active safety with real 
vehicles and vehicle systems. - Hardware in the Loop (HIL) test methods. - Methods for evaluation and interpretation of experimental results. 

ZK Applied Strength and Elasticity 18APP 
3D elasticity equations. Plane strain. Plane stress. Axial symmetry. Coordinate transformation. Derivation of the equations of 2D elasticity. Airy stress function, principles of solution of 
2D elasticity. Plates. Kirchhoff's theory of thin plates. Mindlin's theory of thick plates. Plate equation - numerical methods of solution. Solution by the finite difference method. Shells. 
Rotationally symmetric shells. Membrane and bending theory of shells. Nature of failure of materials and failure criteria. Plasticity - introduction to mathematical theory of finite 
deformations. Tensor calculus. Plasticity criteria, notation, incremental theory of plasticity. Numerical methods of solution. Direct stiffness method. Solution of beam structures. Numerical 
methods - overview. Variational principles in mechanics and dynamics. Finite element method. Principle of the method, principles of spatial and time discretization, convergence of the 
method. Types of FEM elements, overview. Stiffness matrix and element mass matrix, derivation. Non-linear problems and methods of their solution. Principles of iterative methods. 

ZK Automation of Transportation and Construction Technology 16AT 
Lumpe, bulk and liquid material transport system. Automatized control systems for the construction of highway and airdrome areas and the utilization of automatized systems in the 
construction of underground buildings or permanent wals. Utilization of optoelectronics , ultrasound, total stations and GPS. Repairs and maitenance of roads. Material recycling. 
Logistics of building technologies and automatic control of earthmoving machines. Economic evaluation of the utilization of automation in transport constructions. Road, rail, ship and 
air transport Transport of people, lumpes, liquid and bulk material Transport of soil Conveyers with and without traction elements Continual and cyclic working means Vertical transport 
Basics of optoelectronics, lasers senders and detectors Ultrasound systems Total stations and GPS Overground and underground line constructions, their building, repairs, maintenance 
and recycling Utilization of control modern mothods in the construction of roads, highways, airfields or railways Control of earthmoving machines during the construction of line earth 
works Logistics of construction technologies Economic evaluation of the use of modern control methods 

ZK Non-contact measurements in experimental mechanics 18BME 
Limits of contact methods and sensors. Design elements of optical systems. Optical microscopy, interference and confocal microscopy. Optical interferometry, stereoscopy. Optical 
methods for measuring displacements and deformations (digital image correlation). Electron microscopy for topographic imaging, defectoscopy and material analysis. Methods of image 
data processing. Radiographic methods, computed tomography and its applications in experimental mechanics. Non-contact measurement of vibrations and velocities of objects. 

ZK Safety of Transport 12BZD 
Introduction - current valid legislation in road transport Traffic psychology Development of road accidents in the Czech Republic and abroad Examples of road accident processing and 
their usability in practice Road safety analysis Road safety audit Examples of audits performed on the TEN-T network Method of traffic conflicts monitoring Road safety inspection 
Crossroads and stop sign, viewed from inside a car Traffic barrier Safety in tunnels Process of approving transport solutions of the Parliament in the Czech Republic Scientific approaches 
to road safety 

ZK Biomechanics and Human Safety in Transport 18BBC 
Anatomy of the human musculoskeletal system. Mechanical properties and deformation behaviour of tissues. Experimental biomechanics. Dynamics and factors of injury processes, 
injury criteria. Modern imaging and diagnostic methods in medicine. Principles of rehabilitation, regenerative medicine and tissue engineering. Protective equipment and safety measures 
to reduce the consequences of injury. Numerical simulations of dynamic processes leading to injury. 

ZK Transport and Land - Use Planning 12DRU 
Relations and connection between transport and territory Specification of linear transport structures Transport solutions in spatial planning Spatial planning tools Sustainable mobility 
plans Cycling Academy Suburbanization Transit and target traffic solutions Principles of solving unnecessary and necessary transport Solutions for pedestrian and bicycle traffic 
Hierarchization of streets in cities The principle of traffic calmed streets Rail transport in cities and agglomerations 

ZK Dynamics and computational methods in vehicle design and testing 16DVZ 
- Principles of vehicle dynamics solving - Combined vehicle dynamics - Tests of driving characteristics (dynamics) of vehicles and their evaluation - Evaluation of driving comfort and 
ergonomics - Approaches to passive safety, problems of biomechanics - Mathematical and theoretical tools for experimental work - Mechatronic vehicle systems - Numerical methods 
used in vehicle dynamics - Software packages used to solve vehicle mechanics and dynamics, calculations and their outputs, validation and identification 

ZK Economics of Transport and Telecommunication 17EDTD 
The subject is dedicated to analytical and synthetically views of economic activities, both the production and services business systems. The main interest is focused on the parts which 
will be provided in decision-making processes by future engineers, technologists and managers. The property and financial structures create the basic issues for business activities. 
Furthermore, the attention is concentrated on time life cycle of product and service, quantification economic time life, depreciation and methods of its calculation. The problem of 
inventories as a key question of business activities is provided and basic mathematical inventory models are given. The core of entrepreneurial process - cost analysis, cost estimating 
, revenue, profit and benefit are put to the main interest of engineer and manager together with structure of business plan, entrepreneurial projects and their analysis and evaluation. 
Finally, the characteristics of time life business cycle from the start of activities to the end these ones are discussed. The position of transport in the system of the national economy 
Macroeconomic models Transport infrastructure, transport and telecommunications operation Multiplicative effects of transport infrastructure Trading with products in transport and 
telecommunications Cost calculation, pricing and tariffs creation Qualitative factors of transport systems Economic - energy aspects of transport systems Transport and environment, 
theory of externalities Infrastructure operation, public sector theory Services in the public interest Principles of transport services in the area Transport and telecommunications companies, 
choice of company type, its establishment and operation Economic principles of evaluation of transport projects 
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ZK Building Information Modelling 12BIM 
Modelling of the projects and the parts of the transport infrastructure. Definition of the Building Information Modelling / Building Information Management (BIM), advantages and 
disadvantages. Preparation of the information models in the field of the transport civil engineering, preparation of the procedures related to the models. Documents related to the BIM 
- documents of a legislative and a non-legislative nature. Information flow processes in the BIM. Use of the BIM in individual phases of the life cycle of a traffic construction project, 
continuity of the individual phases - designing, building. Use of the BIM in individual phases of the life cycle of a traffic construction project, continuity of the individual phases - 
administration and maintenance. Systems of transport province and connection between them and the BIM. Data analysis of information models - building collisions (in space), building 
procedures (building progress chart). Data analysis of information models - bill of quantities and budgets, lists of modification, evaluation of variants. Use of the digital technologies in 
the transport infrastructure and connection between them and information models. Work in three- and more dimension model - use for analysis and preparation of the information 
models. Current situation in the BIM in the Czech Republic and in the Europe, working groups to the BIM support, solving problems. Practical examples of the BIM application to 
transport construction. 

ZK Information Technologies in Transportation 14ITV 
Flight planning and flight planning software EFB Aircraft performance software Electronic loadsheet Preflight and postflight analysis software Software for Airline Management Eurocontrol 
software Software using for CDM process Aircraft and passenger handling software ACARS - principles and application ATC systems Flight watch systems AFTN, SITA principles and 
applications Safety and Security information systems 

ZK Rail Transport 12KOD 
Rail transport systems their parameters, advantages and disadvantages, optimal use. Operational aspects of individual rail transport systems, basic parameters of rail vehicles and 
their infrastructure background. Individual rail transport systems interfaces and compatibility among them (dual rail systems). High-speed railway transport possible approaches, 
solutions, parameters, examples from the world. Increase of rail systems attractiveness and profitability conditions of the particular rail transport systems, basic principles of economic 
evaluation. Geometrical parameters of railway track modern elements, various shapes of transition curves and cant transitions, their parameters, advantages and disadvantages. 
Geometrical parameters of railway track derivation of non-linear transition curves and cant transitions parameters, determination of their lengths; derivation of vertical curve. Selection 
of optimal variant of rail transport problem solution available tools (risks and multi-criterial analysis, systems analysis tools, operation research tools). Selection of optimal variant of rail 
transport problem solution applications examples. Transit transport terminals of passenger transport tools for their optimal shape and disposition. Passengers movement modelling in 
transit transport terminals. Intermodal freight transport with the use of rail transport technical and operation solutions. Transport potential in passenger and freight transport available 
statistical data, transportation survey, transportation prediction. Interoperability in railway transport in Europe, railway lines categories according to the Czech law and their impact to 
railway systems operation and development. 

ZK Materials for Transport Structures 18MKD 
Material informatics, selection diagrams, material properties databases, material maps, material selection procedure. Atomic models, potential properties, calculations of material 
properties from the first principles, computational methods. New trends in "classical" structural materials (steels for the automotive industry, superalloys for jet engines, self-healing 
materials) Principles of construction of composite materials, fibrous materials and their parameters, degradation processes in composites. Degradation and fractography, influence of 
extreme loading conditions and environment, durability and reliability, reliability design, degradation mechanisms. Smart materials - sensors and actuators. Principles and applications. 
Functionally graded materials, metamaterials, energy harvesting from the environment. Influence of defects, theoretical strength and its implications for the design of new materials. 
2D and 1D materials. 

ZK Modeling of Traffic Accidents Causations and Processes 22MPN 
Software simulations and modelling in road traffic accidents analysis - overview, processing procedures, accuracy, systems, licensing, general principles of use, explanation of terms. 
Comparison of procedures, limitations and advantages of different expert software suitable for road traffic accidents analysis, types of models Comparison of procedures, limitations 
and advantages of different expert software suitable for road traffic accidents analysis, types of models Control of simulation software (working with vehicles, working with models, 
modelling changes in geometry and physical properties) Modelling of collisions with geometry and physical properties modification Simulation and modelling of simple ellipsoid assemblies 
Modelling of accident processes 3D models of environments and active elements for simulation environments - custom creation, scanning, libraries Modelling of processes in 3D 
environment models - analysis of the real environment on the accident process Accident reconstruction based on accident data (EDR) Modelling of selected crash tests 1 (verification, 
validation of models) Modelling of selected crash tests 2 (verification, validation of models) Solving real crash situations 1 Solving real crash situations 2 Issues of insufficient evidence 

ZK Numerical methods of mechanics and dynamics 18NMMD 
Direct stiffness method. Application to truss structures. Tension/compression beam. Solution of truss structures. Variational formulation of tesion/compression beam. Variational 
formulation of beam loaded in bending. Beam with shear effects (Timoshenko). Beam on elastic foundation (Timoshenko-Winkler). Beam loaded with M+N+T combination. Isoparametric 
elements. Natural coordinates. Isoparametric elements. Triangular and quadrilateral elements. Linear and quadratic elements T3 and T6, Q4 and Q8. Plane stress, plane strain. Plane 
deformation, plane strain. Elements for plane problems. Plane strain, plane strain. Derivation of element stiffness matrix. Spatial elements. Summary of 2D and 3D elasticity in FEM. 
Use of symbolic algebra tools. Linear dynamics and FEM. Hamilton's variational principle. Consistent and diagonal mass matrices. Solutions for natural shapes and natural frequencies 
solution. Direct time integration of equations of motion. Implicit and explicit methods. Newmark's method. Numerical integration. Solution of nonlinear problems. 

ZK Reverse Engineering Procedures in Transportation 22PRI 
Introduction to reverse engineering Scanning - principles, technology, digitization, technical equipment Scanning - vectorization, scanning of samples, scan check Parametric modelling 
1 - principles, physical dimension - material properties - material definition, component modelling, creating technical documentation from parametric modeller environment Parametric 
modelling 2 - modelling assemblies, more complex projects, principles of adaptive modelling, parametric models and calculations - FEM - linear loading of structures, modelling of the 
measured sample according to production documentation Photogrammetry - overview, procedures Photogrammetry - methodology, algorithms Basic processing of measured data - 
working with point cloud, cleaning Basic processing of measured data - building models, processing procedures, polygonization Processing of measured data - algorithmization, model 
simplification Processing of measured data - input information - geometric fidelity preservation issues Verification and comparison of processed models (samples) 1 Verification and 
comparison of processed models (samples) 2 Exchangeable data formats - data transfer between graphic systems, prototype - 3D prints, production, CNC 

ZK Transport Operation and Transport Excesses 12REX 
Introduction, overview of the subject Basics of vehicle dynamics Theory of traffic flow Models of the traffic flow, communications load, Management of urban agglomerations in a 
hierarchical arrangement (transport hub, transport area) Theory of queues, shock waves. Quality of transport and its assessment. Management of line communications - highways 
Traffic accidents - their development Driver behavior, microsleep, aggression in traffic Preventive tools to increase road safety Transport excesses, their analysis, the causes, identify 
and minimize the consequences. Improving of transport safety and fluency. Theoretical basis of methods for early identification of accidents and congestion Theory of cooperative 
systems Repetition, test information 

ZK Technology of Railway Transport 17TZEL 
Research Methods of Causal Relationships of Demand Elasticity on Supply Planning in Railway Transport Organization and management of technological processes in rail passenger 
and freight transport Operational modelling of freight transport paths, stochastic control ATO-system AVV, interaction of AVV and ETCS systems Minimum headways safety distances, 
points of possible mutual danger, factors influencing the length of minimum headways, Methods for determining track capacity, collision point theory, performance of the railway system 
as a whole Methods of optimising capacity and throughput, relationship between capacity and quality of service Timetable elements, UIC methodology, path´s heterogeneity Arrangement 
of simple IPT- junctions Timetable stability, critical section for determining stability, possible solutions in case of insufficient timetable stability Methods for optimising operational 
processes in relation to infrastructure capacity Methods of solving the interaction between traffic, infrastructure and means of transport Operational management of railway traffic, 
optimisation methods, strategies and disposition objectives Modelling of technological processes on available and proposed transport infrastructure 
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ZK Traffic Flow Theory II 12TIR2 
The subject is focused on a traffic flow at rural and urban roads. There are explained traffic flow parameters in detail, and their one-to one relationship among them and ways of their 
evaluation data pretreatment, filtration, transformation and methods of reduction. Methods of measurement in a point and along a road. Traffic flow capacity. Explanation in detail of 
different influences on traffic flow capacity. Next part is focused on macroscopic traffic models, discontinuities in traffic flow shock waves and acceleration noise in traffic flow. As a 
basement for the discrete modeling of traffic flow there are explained statistical models for the description of traffic flow parameters continuous (speed) and discrete (traffic volume) 
and their distributions. In detail there are introduced microscopic models as deterministic models basic theory and possibilities of their usage for traffic simulation including of examples 
of their applications. The last part is dedicated to introduction to modern theory of physics of traffic flow and queuing theory. 

ZK Theory of Transport 17TRDL 
Paths in undirected graphs Paths in directed graphs Minimum spanning trees, Eulerian and Hamiltonian graphs Traveling salesman problem, Vehicle routing problem, heuristic methods 
Network flow Graph planarity Graph coloring Trees Assignment problem Location and allocation problems Discrete location problems Continuous location problems Discrete optimization 
problems and their solution Application of genetic algorithms to discrete optimization problems Selected topics from mathematical optimization of transportation problems 

ZK Selected Environmental Issues in Transport 12VPE 
Issues of traffic noise, general principles and current legislation Noise sources, measures to reduce noise Field measurement with NOR 140 sound analyzer Evaluation of measured 
values Air and environmental pollution Types of pollutants from transport The impact of transport on global climate change Measures to reduce environmental pollution due to transport, 
applicable legislation Traffic - air pollution models, their historical development, types, application possibilities, examples of outputs from a number of international studies and projects 
Landscape fragmentation and its consequences Implementation of appropriate measures to reduce the barrier effect and their effectiveness Legislative framework and examples of 
solutions from the Czech Republic and abroad Transport in the framework of sustainable development, sustainable mobility Legislative framework, examples from the Czech Republic 
and abroad 

ZK Testing Methods of Structures and Materials 18ZKM 
Design of experimental procedures and assessment of their reliability, measurement errors. Measurement of mechanical properties of materials in laboratory conditions. Strain gauge 
methods for measuring deformation and residual stresses. Measurement and evaluation of deformation processes on real structures, implementation of long-term measurements. 
Hybrid methods - combination of experimental methods and simulations. Diagnostics of structural elements and systems, evaluation of defects in materials and products. Monitoring 
of damage evolution, determination of residual service life. 

List of courses of this pass: 

Credits Completion Name of the course Code 

ZK Applied Mathematics 11APM 
Random processes and real applications Bayesian prediction model of stochastic system (distribution, equations) Continuous and discrete model - simulation of dynamical systems 
System state, state-space model, filtering (Kalman filter) Estimation of model parameters - Bayes relation, reproducibility, exponential family of distributions Estimation statistics of 

continuous and discrete model, on-line recalculation of statistics, point estimates Estimation of models with non-Gaussian or non-categorical distribution reproducibility, point estimates 
Prediction with Bayesian model Finite interval control, dynamic programming, Riccati equations, algorithmization Mixture models of distributions with continuous and discrete components, 

hierarchical mixtures Estimation of mixture of distributions Mixture estimation for clustering and classification Hierarchical mixture estimation Prediction with mixture model 

ZK Building Information Modelling 12BIM 
Modelling of the projects and the parts of the transport infrastructure. Definition of the Building Information Modelling / Building Information Management (BIM), advantages and 

disadvantages. Preparation of the information models in the field of the transport civil engineering, preparation of the procedures related to the models. Documents related to the BIM 
- documents of a legislative and a non-legislative nature. Information flow processes in the BIM. Use of the BIM in individual phases of the life cycle of a traffic construction project, 

continuity of the individual phases - designing, building. Use of the BIM in individual phases of the life cycle of a traffic construction project, continuity of the individual phases - 
administration and maintenance. Systems of transport province and connection between them and the BIM. Data analysis of information models - building collisions (in space), building 
procedures (building progress chart). Data analysis of information models - bill of quantities and budgets, lists of modification, evaluation of variants. Use of the digital technologies in 

the transport infrastructure and connection between them and information models. Work in three- and more dimension model - use for analysis and preparation of the information 
models. Current situation in the BIM in the Czech Republic and in the Europe, working groups to the BIM support, solving problems. Practical examples of the BIM application to 

transport construction. 

ZK Safety of Transport 12BZD 
Introduction - current valid legislation in road transport Traffic psychology Development of road accidents in the Czech Republic and abroad Examples of road accident processing and 

their usability in practice Road safety analysis Road safety audit Examples of audits performed on the TEN-T network Method of traffic conflicts monitoring Road safety inspection 
Crossroads and stop sign, viewed from inside a car Traffic barrier Safety in tunnels Process of approving transport solutions of the Parliament in the Czech Republic Scientific approaches 

to road safety 

ZK 12DIB 
Theory and application of non-bunched (free) vehicle movement. Theory of traffic flow. Methods for determining the capacity of the road and motorway link sections. Methods for 

determining the capacity of give-way intersections, signalized intersections and roundabouts. Shock wave of traffic flow. Prognostic transport models (aggregated and disaggregated). 
Calibration and balancing of models. Segregation and integration of transport on public roads and motorways. Conceptual documents in transport and their preparation, strategy. 
Selection of appropriate data within the analytical part of the sustainable mobility plan. Use of data from mobile operators for traffic analysis. Scenarios of future development of 

sustainable mobility, vision, basic measurable goals. Monitoring and evaluation of transport measures and projects. Indicators for mobility, smart cities. Technical expertise in transportation 
Road accident analysis Road accident prevention 

ZK Transport and Land - Use Planning 12DRU 
Relations and connection between transport and territory Specification of linear transport structures Transport solutions in spatial planning Spatial planning tools Sustainable mobility 

plans Cycling Academy Suburbanization Transit and target traffic solutions Principles of solving unnecessary and necessary transport Solutions for pedestrian and bicycle traffic 
Hierarchization of streets in cities The principle of traffic calmed streets Rail transport in cities and agglomerations 

ZK Rail Transport 12KOD 
Rail transport systems their parameters, advantages and disadvantages, optimal use. Operational aspects of individual rail transport systems, basic parameters of rail vehicles and 

their infrastructure background. Individual rail transport systems interfaces and compatibility among them (dual rail systems). High-speed railway transport possible approaches, 
solutions, parameters, examples from the world. Increase of rail systems attractiveness and profitability conditions of the particular rail transport systems, basic principles of economic 

evaluation. Geometrical parameters of railway track modern elements, various shapes of transition curves and cant transitions, their parameters, advantages and disadvantages. 
Geometrical parameters of railway track derivation of non-linear transition curves and cant transitions parameters, determination of their lengths; derivation of vertical curve. Selection 
of optimal variant of rail transport problem solution available tools (risks and multi-criterial analysis, systems analysis tools, operation research tools). Selection of optimal variant of rail 
transport problem solution applications examples. Transit transport terminals of passenger transport tools for their optimal shape and disposition. Passengers movement modelling in 
transit transport terminals. Intermodal freight transport with the use of rail transport technical and operation solutions. Transport potential in passenger and freight transport available 
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statistical data, transportation survey, transportation prediction. Interoperability in railway transport in Europe, railway lines categories according to the Czech law and their impact to 
railway systems operation and development. 

ZK Transport Operation and Transport Excesses 12REX 
Introduction, overview of the subject Basics of vehicle dynamics Theory of traffic flow Models of the traffic flow, communications load, Management of urban agglomerations in a 

hierarchical arrangement (transport hub, transport area) Theory of queues, shock waves. Quality of transport and its assessment. Management of line communications - highways 
Traffic accidents - their development Driver behavior, microsleep, aggression in traffic Preventive tools to increase road safety Transport excesses, their analysis, the causes, identify 

and minimize the consequences. Improving of transport safety and fluency. Theoretical basis of methods for early identification of accidents and congestion Theory of cooperative 
systems Repetition, test information 

ZK Traffic Flow Theory II 12TIR2 
The subject is focused on a traffic flow at rural and urban roads. There are explained traffic flow parameters in detail, and their one-to one relationship among them and ways of their 
evaluation data pretreatment, filtration, transformation and methods of reduction. Methods of measurement in a point and along a road. Traffic flow capacity. Explanation in detail of 
different influences on traffic flow capacity. Next part is focused on macroscopic traffic models, discontinuities in traffic flow shock waves and acceleration noise in traffic flow. As a 

basement for the discrete modeling of traffic flow there are explained statistical models for the description of traffic flow parameters continuous (speed) and discrete (traffic volume) 
and their distributions. In detail there are introduced microscopic models as deterministic models basic theory and possibilities of their usage for traffic simulation including of examples 

of their applications. The last part is dedicated to introduction to modern theory of physics of traffic flow and queuing theory. 

ZK Selected Environmental Issues in Transport 12VPE 
Issues of traffic noise, general principles and current legislation Noise sources, measures to reduce noise Field measurement with NOR 140 sound analyzer Evaluation of measured 
values Air and environmental pollution Types of pollutants from transport The impact of transport on global climate change Measures to reduce environmental pollution due to transport, 
applicable legislation Traffic - air pollution models, their historical development, types, application possibilities, examples of outputs from a number of international studies and projects 
Landscape fragmentation and its consequences Implementation of appropriate measures to reduce the barrier effect and their effectiveness Legislative framework and examples of 

solutions from the Czech Republic and abroad Transport in the framework of sustainable development, sustainable mobility Legislative framework, examples from the Czech Republic 
and abroad 

ZK Information Technologies in Transportation 14ITV 
Flight planning and flight planning software EFB Aircraft performance software Electronic loadsheet Preflight and postflight analysis software Software for Airline Management Eurocontrol 
software Software using for CDM process Aircraft and passenger handling software ACARS - principles and application ATC systems Flight watch systems AFTN, SITA principles and 

applications Safety and Security information systems 

ZK Foreign Language - English 15JAA 
Z Foreign Language - French 15JAF 

Introductory lecture. Literature, Internet sources. Revision of the most important grammar parts. Professional texts grammatical, lexical and stylistic characteristics. Public transport. 
Paris x Prague. Underground. Trams in France. Rail transport. Records of TGV. Air transport. Air fleet. Road transport. Motorways, toll. Transport safety. Terminology of the selected 
study area, specific terminology in French. Translation of professional texts. Consultation for the presentation of doctoral thesis - spelling, lexical and stylistic arrangement Written 

presentation of doctoral thesis, summary, discussion. Oral presentation of a professional article from the area of transport The course has a form of consultation hours during a period 
of two semesters. A precondition for receiving the credit is mastering of basic grammar and terminology needed for presentations of independent work within the field of one's 

specialisation, such as reading specialised texts and submitting a resume of dissertation thesis. 

Z Foreign Language - German 15JAN 
Research, work with German search engines. Main grammatical structures, their practical application in particular texts verb forms, Participle. Main grammatical structures, their practical 
application in particular texts sentence structure Stylistic and lexical features of professional language, text work. Usage of passive in professional texts. Work with professional texts, 
text structure, presentation of professional contents. Specific language means in description of graphs. Translation of professional texts examples from the study area. Vocabulary of 
specific professional terms, comparison of Czech and German terminology of the given study area Preparation of presentation of student´s own doctoral thesis. Written presentation 
of the doctoral thesis. Oral presentation of the doctoral thesis in PowerPoint. Individual presentation with a professional topic Summary The course has a form of consultation hours 

during a period of two semesters. A precondition for receiving the credit is mastering of basic grammar and terminology needed for presentations of independent work within the field 
of one's specialisation, such as reading specialised texts and submitting a resume of dissertation thesis. 

Z Foreign Language - Russian 15JAR 
Research, work with Russian search engines. Main grammatical structures, test sources, their application verb forms. Main grammatical structures, test sources, their application 

sentence structure, inflection. Stylistic features of professional language, text work. Usage of passive in professional texts. Individual presentation of professional texts practice. Specific 
language means, graph description, lexical means of written professional text. Translation of professional texts practice. Creation of database of specific professional terms, comparison 
of Czech and Russian terminology of the given area. Syntactic-semantic structure with presentation of a professional work (prepared sources and their practical application). Written 

presentation of the prepared doctoral work. Oral presentation of the doctoral work in PowerPoint. Individual presentation with a professional topic. The course has a form of consultation 
hours during a period of two semesters. A precondition for receiving the credit is mastering of basic grammar and terminology needed for presentations of independent work within the 

field of one's specialisation, such as reading specialised texts and submitting a resume of dissertation thesis. 

Z Foreign Language - Spanish 15JAS 
Introducción. Presente. / Introductory lecture. Present simple. Medios de transporte. / Transport means. Futuro. Perífrasis ir a + inf./ Future tense. Phrase ir a + inf. Transporte en la 

República Checa. / Transport in the Czech Republic. Pretérito perfecto compuesto. / Past tense perfect. Transporte en España e Iberoamérica. / Transport in Spain and Latin America. 
Pretérito perfecto imperfecto. / Past tense continuous. Política de transporte de la UE. / Transport politics in the EU. Pretérito perfecto simple. / Past simple. Accidentes. / Accidents. 

Curiosidades. / Interesting facts in transport. CV. Carta de motivación. / CV. Letter of motivation. Repaso. / Repetition. Presentación + examen. / Presentation + written test. 

ZK Active safety 16ABI 
- ADAS and driver support systems, their relation to active safety. - Automated driving systems. - Mechatronic active safety systems of vehicles. - Electronic active vehicle safety 

systems. - Predictive active vehicle safety systems. - Cooperating active vehicle safety systems. - Risk assessment of vehicle systems using FMEA (Failure Mode and Effect Analysis). 
- Application of DoE (Design of Experiment) methods. - Laboratory testing of active safety systems in VR (Virtual Reality) environments. - Laboratory testing of active safety with real 

vehicles and vehicle systems. - Hardware in the Loop (HIL) test methods. - Methods for evaluation and interpretation of experimental results. 

ZK Automation of Transportation and Construction Technology 16AT 
Lumpe, bulk and liquid material transport system. Automatized control systems for the construction of highway and airdrome areas and the utilization of automatized systems in the 

construction of underground buildings or permanent wals. Utilization of optoelectronics , ultrasound, total stations and GPS. Repairs and maitenance of roads. Material recycling. 
Logistics of building technologies and automatic control of earthmoving machines. Economic evaluation of the utilization of automation in transport constructions. Road, rail, ship and 
air transport Transport of people, lumpes, liquid and bulk material Transport of soil Conveyers with and without traction elements Continual and cyclic working means Vertical transport 
Basics of optoelectronics, lasers senders and detectors Ultrasound systems Total stations and GPS Overground and underground line constructions, their building, repairs, maintenance 
and recycling Utilization of control modern mothods in the construction of roads, highways, airfields or railways Control of earthmoving machines during the construction of line earth 

works Logistics of construction technologies Economic evaluation of the use of modern control methods 

ZK Dynamics and computational methods in vehicle design and testing 16DVZ 
- Principles of vehicle dynamics solving - Combined vehicle dynamics - Tests of driving characteristics (dynamics) of vehicles and their evaluation - Evaluation of driving comfort and 

ergonomics - Approaches to passive safety, problems of biomechanics - Mathematical and theoretical tools for experimental work - Mechatronic vehicle systems - Numerical methods 
used in vehicle dynamics - Software packages used to solve vehicle mechanics and dynamics, calculations and their outputs, validation and identification 

Page 6 out of 8 



ZK Economics of Transport and Telecommunication 17EDTD 
The subject is dedicated to analytical and synthetically views of economic activities, both the production and services business systems. The main interest is focused on the parts which 
will be provided in decision-making processes by future engineers, technologists and managers. The property and financial structures create the basic issues for business activities. 

Furthermore, the attention is concentrated on time life cycle of product and service, quantification economic time life, depreciation and methods of its calculation. The problem of 
inventories as a key question of business activities is provided and basic mathematical inventory models are given. The core of entrepreneurial process - cost analysis, cost estimating 
, revenue, profit and benefit are put to the main interest of engineer and manager together with structure of business plan, entrepreneurial projects and their analysis and evaluation. 
Finally, the characteristics of time life business cycle from the start of activities to the end these ones are discussed. The position of transport in the system of the national economy 
Macroeconomic models Transport infrastructure, transport and telecommunications operation Multiplicative effects of transport infrastructure Trading with products in transport and 

telecommunications Cost calculation, pricing and tariffs creation Qualitative factors of transport systems Economic - energy aspects of transport systems Transport and environment, 
theory of externalities Infrastructure operation, public sector theory Services in the public interest Principles of transport services in the area Transport and telecommunications companies, 

choice of company type, its establishment and operation Economic principles of evaluation of transport projects 

ZK Theory of Transport 17TRDL 
Paths in undirected graphs Paths in directed graphs Minimum spanning trees, Eulerian and Hamiltonian graphs Traveling salesman problem, Vehicle routing problem, heuristic methods 
Network flow Graph planarity Graph coloring Trees Assignment problem Location and allocation problems Discrete location problems Continuous location problems Discrete optimization 

problems and their solution Application of genetic algorithms to discrete optimization problems Selected topics from mathematical optimization of transportation problems 

ZK Technology of Railway Transport 17TZEL 
Research Methods of Causal Relationships of Demand Elasticity on Supply Planning in Railway Transport Organization and management of technological processes in rail passenger 
and freight transport Operational modelling of freight transport paths, stochastic control ATO-system AVV, interaction of AVV and ETCS systems Minimum headways safety distances, 
points of possible mutual danger, factors influencing the length of minimum headways, Methods for determining track capacity, collision point theory, performance of the railway system 
as a whole Methods of optimising capacity and throughput, relationship between capacity and quality of service Timetable elements, UIC methodology, path´s heterogeneity Arrangement 

of simple IPT- junctions Timetable stability, critical section for determining stability, possible solutions in case of insufficient timetable stability Methods for optimising operational 
processes in relation to infrastructure capacity Methods of solving the interaction between traffic, infrastructure and means of transport Operational management of railway traffic, 

optimisation methods, strategies and disposition objectives Modelling of technological processes on available and proposed transport infrastructure 

ZK Applied Strength and Elasticity 18APP 
3D elasticity equations. Plane strain. Plane stress. Axial symmetry. Coordinate transformation. Derivation of the equations of 2D elasticity. Airy stress function, principles of solution of 
2D elasticity. Plates. Kirchhoff's theory of thin plates. Mindlin's theory of thick plates. Plate equation - numerical methods of solution. Solution by the finite difference method. Shells. 

Rotationally symmetric shells. Membrane and bending theory of shells. Nature of failure of materials and failure criteria. Plasticity - introduction to mathematical theory of finite 
deformations. Tensor calculus. Plasticity criteria, notation, incremental theory of plasticity. Numerical methods of solution. Direct stiffness method. Solution of beam structures. Numerical 
methods - overview. Variational principles in mechanics and dynamics. Finite element method. Principle of the method, principles of spatial and time discretization, convergence of the 
method. Types of FEM elements, overview. Stiffness matrix and element mass matrix, derivation. Non-linear problems and methods of their solution. Principles of iterative methods. 

ZK Biomechanics and Human Safety in Transport 18BBC 
Anatomy of the human musculoskeletal system. Mechanical properties and deformation behaviour of tissues. Experimental biomechanics. Dynamics and factors of injury processes, 
injury criteria. Modern imaging and diagnostic methods in medicine. Principles of rehabilitation, regenerative medicine and tissue engineering. Protective equipment and safety measures 

to reduce the consequences of injury. Numerical simulations of dynamic processes leading to injury. 

ZK Non-contact measurements in experimental mechanics 18BME 
Limits of contact methods and sensors. Design elements of optical systems. Optical microscopy, interference and confocal microscopy. Optical interferometry, stereoscopy. Optical 

methods for measuring displacements and deformations (digital image correlation). Electron microscopy for topographic imaging, defectoscopy and material analysis. Methods of image 
data processing. Radiographic methods, computed tomography and its applications in experimental mechanics. Non-contact measurement of vibrations and velocities of objects. 

ZK Materials for Transport Structures 18MKD 
Material informatics, selection diagrams, material properties databases, material maps, material selection procedure. Atomic models, potential properties, calculations of material 

properties from the first principles, computational methods. New trends in "classical" structural materials (steels for the automotive industry, superalloys for jet engines, self-healing 
materials) Principles of construction of composite materials, fibrous materials and their parameters, degradation processes in composites. Degradation and fractography, influence of 
extreme loading conditions and environment, durability and reliability, reliability design, degradation mechanisms. Smart materials - sensors and actuators. Principles and applications. 
Functionally graded materials, metamaterials, energy harvesting from the environment. Influence of defects, theoretical strength and its implications for the design of new materials. 

2D and 1D materials. 

ZK Numerical methods of mechanics and dynamics 18NMMD 
Direct stiffness method. Application to truss structures. Tension/compression beam. Solution of truss structures. Variational formulation of tesion/compression beam. Variational 

formulation of beam loaded in bending. Beam with shear effects (Timoshenko). Beam on elastic foundation (Timoshenko-Winkler). Beam loaded with M+N+T combination. Isoparametric 
elements. Natural coordinates. Isoparametric elements. Triangular and quadrilateral elements. Linear and quadratic elements T3 and T6, Q4 and Q8. Plane stress, plane strain. Plane 
deformation, plane strain. Elements for plane problems. Plane strain, plane strain. Derivation of element stiffness matrix. Spatial elements. Summary of 2D and 3D elasticity in FEM. 

Use of symbolic algebra tools. Linear dynamics and FEM. Hamilton's variational principle. Consistent and diagonal mass matrices. Solutions for natural shapes and natural frequencies 
solution. Direct time integration of equations of motion. Implicit and explicit methods. Newmark's method. Numerical integration. Solution of nonlinear problems. 

ZK Testing Methods of Structures and Materials 18ZKM 
Design of experimental procedures and assessment of their reliability, measurement errors. Measurement of mechanical properties of materials in laboratory conditions. Strain gauge 

methods for measuring deformation and residual stresses. Measurement and evaluation of deformation processes on real structures, implementation of long-term measurements. 
Hybrid methods - combination of experimental methods and simulations. Diagnostics of structural elements and systems, evaluation of defects in materials and products. Monitoring 

of damage evolution, determination of residual service life. 

ZK Modeling of Traffic Accidents Causations and Processes 22MPN 
Software simulations and modelling in road traffic accidents analysis - overview, processing procedures, accuracy, systems, licensing, general principles of use, explanation of terms. 
Comparison of procedures, limitations and advantages of different expert software suitable for road traffic accidents analysis, types of models Comparison of procedures, limitations 
and advantages of different expert software suitable for road traffic accidents analysis, types of models Control of simulation software (working with vehicles, working with models, 

modelling changes in geometry and physical properties) Modelling of collisions with geometry and physical properties modification Simulation and modelling of simple ellipsoid assemblies 
Modelling of accident processes 3D models of environments and active elements for simulation environments - custom creation, scanning, libraries Modelling of processes in 3D 

environment models - analysis of the real environment on the accident process Accident reconstruction based on accident data (EDR) Modelling of selected crash tests 1 (verification, 
validation of models) Modelling of selected crash tests 2 (verification, validation of models) Solving real crash situations 1 Solving real crash situations 2 Issues of insufficient evidence 

ZK Reverse Engineering Procedures in Transportation 22PRI 
Introduction to reverse engineering Scanning - principles, technology, digitization, technical equipment Scanning - vectorization, scanning of samples, scan check Parametric modelling 
1 - principles, physical dimension - material properties - material definition, component modelling, creating technical documentation from parametric modeller environment Parametric 
modelling 2 - modelling assemblies, more complex projects, principles of adaptive modelling, parametric models and calculations - FEM - linear loading of structures, modelling of the 
measured sample according to production documentation Photogrammetry - overview, procedures Photogrammetry - methodology, algorithms Basic processing of measured data - 

working with point cloud, cleaning Basic processing of measured data - building models, processing procedures, polygonization Processing of measured data - algorithmization, model 
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simplification Processing of measured data - input information - geometric fidelity preservation issues Verification and comparison of processed models (samples) 1 Verification and 
comparison of processed models (samples) 2 Exchangeable data formats - data transfer between graphic systems, prototype - 3D prints, production, CNC 

For updated information see  http://bilakniha.cvut.cz/en/FF.html 
Generated: day 2026-07-15, time 09:33. 
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