Instrumentation-automation I-II. Embedded systems
· Adapting digital systems to analogue circuits (means of implementation, digital-to-analogue converters, characteristics, applications). Processing of analogue signals (analogue-to-digital converters, connecting auxiliary circuits, characteristics, applications).
· Peripheral devices (displays, input device management, drive). Driving high power elements, devices from digital circuits (buffers, power drivers, isolators, protection). Digital signal transmission, signal conduction principles, their implementation (noise reduction, symmetrical-asymmetrical signal conduction, ripple conduction, noise protection: high level logic, hysteresis input circuit)
· Functions, functions and related characteristics of analog signal processing circuits (Linear and non-linear circuit functions; frequency independent and frequency dependent applications. Amplifier characteristics, linear and nonlinear distortion). Feedback applications in analogue and digital circuits.
· measuring amplifiers, measuring circuits. (Functions of measuring amplifiers, instrumentation amplifiers, bridge amplifiers, GUARD, I-meters, R-meters, input circuits of DC voltmeters.)

· Oscillators, waveform generators. (Principle of oscillation, classification of oscillators, testing a chosen oscillator circuit, oscillator characteristics. Waveform generator circuit principle and circuit test.)
· Linear and switching power supply circuits and their characteristics. (Block diagram of power supply, voltage regulator circuit test, power ratios, current limiting, DC-DC converters, circuit parameters.)
· Aims, tasks, methods and devices of measurement of non-electric quantities in general. Proper conditions of measurement execution. Transducer types and overall characteristics. Construction and connection modes of sensors and transducers, standardized output signal levels. Overview of methods and instruments for measurement data acquisition and storage. Precision of measurement devices and measurement errors, Ingress Protection (IP) marking.  Static and dynamic characteristics and calibration of measurement devices.
· Measuring spatial distance: continuous distance vs. level measurements. Proximity, reference and limit switches: mechanical, inductive and capacitive types. Relative and absolute encoders for measuring distance and rotation angle. Ultrasonic and optical distance sensors, light barriers. Measurement of liquid and pellet level in reservoirs: mechanical, ultrasonic and resistive solutions. Concept of force and torque measurement. Reduction of force/torque measurement to mechanical deformation: strain gauges, optical displacement methods, piezo-principle. Construction of compact force/torque measurement cells, multi axis force and torque measurement devices. Reduction of force/torque measurement to magnetic properties, magneto-elastic cells.

· Measurement of angular velocity. Stroboscopes, DC/AC tachogenerators, optical, magnetic tachometers. Application example: Antilock Braking System (ABS) sensors, used in automotive industry. Vibration measurements. Role of vibration measurement and analysis in failure diagnostics. Accelerometers: piezoelectric, electromagnetic types. Dynamic characteristics of accelerometers. Optical vibration measurement methods.

· Basics of heat propagation in solids, liquids and gases (conductivity, convectivity, radiation). Temperature measurement devices: resistance thermometer, thermistors, thermocouples, thermal cameras. Construction of thermic transducers, calibration. Temperature measurements in liquids, gases and on solid surfaces. Main optical quantities (wavelength, intensity), spectral properties. Light sensors: photocells, photoresistors, phototransistors, photodiodes, color sensors. Role of “smart” cameras in production quality control.

· Concept of measurement of absolute and differential pressure. Mechanical construction of pressure transducers, conversion possibilities of pressure to electric signal (deformation, resistive, capacitive, piezo-principles). Basic quantities of flow measurement: static/dynamic pressure, local speed, volume and mass flow rate. Local speed measurement: Pitot-static tube. Volume-flow rate measurement: Venturi-tube, orifice flow meters. Proper configuration of measurement sections, concept of mechanical losses in fluids, possible compensation methods.

· Special volume and mass flow rate measurement devices: turbine flow meters, magneto-hydrodynamic (MHD), ultrasonic flow meters. Concept of Coriolis-principle, operation of Coriolis flow-meters. Flow-meters based on thermal conductivity. Comparison of different flow meters from viewpoint of usability. Modern MEMS (Micro Electro Mechanical) sensors: angular orientation sensing (gyro sensors), multi-axis acceleration measurement used in “smart” consumer electronic devices. Several industrial method and device for orientation and acceleration measurement
· Functional, timing and implementation issues of embedded systems.
· Why is it in some cases harder to implement on embedded systems compared to for example a PC? Why are embedded systems used? 

· Concept and types of real-time systems.
· Types of real time systems? What does it mean if a deadline is missed on a Hard real time system? What does it mean if a deadline is missed on a Hard real time system? What does it mean if a deadline is missed on a Hard real time system!
· What is the main features and practicable options of Hard real-time systems? 
· What is the main features and practicable options of Soft real-time systems?
· Computer architectures. The structure and main features of von Neumann and Harvard architecture?
· The concept, types and general characteristics of multiprocessor systems.
· Example how can be a multiprocessor system unsymmetrical. Example how can be a multiprocessor system unsymmetrical?

