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AsUsTInYassveaiie

Physical quantities and system of units. Measurement systems. Analysis and representation of results.

Uncertainty and uncertainty budget. Metrological standard and reference material. Instrument

calibration and traceability Realization of units.
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(Metrological Analysis)
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Uncertainty in measurements. Concept of probability in measurements and probability distributions.
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Error analysis and estimates of mean and errors. Monte Carlo techniques. Least-squires fit and fit

testing.
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Metrological documentations and system. Analysis of calibration hierarchy for validation of unbroken

metrological traceability chain.
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(Uncertainty in Measurement)
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Importance of uncertainty in science and technology. Measurement fundamentals. Terms used in
measurement. Uncertainty and error. Some statistical concepts. Systematic errors. Calculation of

uncertainties.

WATIMYNTaNG 3(3-0-6)
(Mechanical Metrology)
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Mechanical quantities and measurement. Mechanical systems. Standard and calibration of mechanical

measuring instruments. Modern technology and instruments.
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Laboratory for 01436521 Mechanical Metrology.
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Overview of thermodynamics and statistical mechanics in thermal metrology. Principles of
thermometry and thermo-meters. The ITS-90 and temperature calibration techniques. Thermal

measurements and advanced research in thermal metrology.
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Laboratory for 01436523 Thermal Metrology.
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Principle and coordinate transformation. Cartesian and non-Cartesian coordinate machines coordinate
measuring machines (CMMs). Principle and design of mechanical type touch probes. Principle of Non-
contact and optical probing systems. CMM measurement strategies and application considerations.
Measurement data evaluation and analysis software. Standardization for CMMs. CMMs kinematic and
dynamic errors. CMMs verification and calibration. Sources of measurement uncertainty. Principle of
assessment for conformance with CMMs specification. CMMs accuracy enhancement. Future of

coordinate metrology.
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(Large-scale Dimensional Metrology)
VI lABainaALUUasiy MIussgndiawesuussuuiiiansinay wannsinssezduysal Bn1sin

o

WUUNYANA MENMIVRAARSIANS MaNMTawesinmuLazNaeddsIa N153einann ez kasaudifiuy
szuufiie uvdsinnvesmmnanandeulunisda snpsprudmiuiaiesdie IanguiiAdarinain
Conventional large-scale dimensional measurement. Laser-based application on spherical coordinate.
Principle of absolute distance measurement. Multi-lateration measurement method. Principle of laser
radar. Laser tracker and theodolite total station principle. Photogrammetry and optical 3D-CMS.

Sources of measurement error. Standardization for large-scale dimensional instruments.
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Electrostatic, electric field and magnetic field. Maxwell's equations. Electromagnetic radiations.
Electrical and magnetic properties of material and electromagnetic phenomena. Standard of electrical
and magnetic quantities. Measurement and calibration of electrical and magnetic measuring

instrument. Modern technology and instruments.
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Laboratory for 01436531 Electrical and Magnetic Metrology.
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Principles of optics. Optical sensor. Laser principles and applications. Optical metrology and alignment
metrology. Photogrametry, photometry interferometry and spectroscopy. Optical fiber applications in

measurement. Optical radiation standard and instrument calibration. Case study.
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(Laboratory in Advanced Photonic Metrology)
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Laboratory for 01436541 Advanced Photonic Metrology.
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Introduction to quantum theory. Laser cooling and standard of time. Superconductivity and voltage
standard. Quantum hall effect and resistance standard. Quantum tunnelling and current standard.
Plank’s constant and standard of mass. Boltzmann’s constant and temperature standard. Single

photon metrology. Quantum algorithm and metrological analysis.
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(Manufacturing Measurement)
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Measurement technique in manufacturing. Instrument and sensors in manufacturing. Measurement in
monitoring system and safety. Interference and protection. Research and modern technique in

manufacturing metrology.
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(Laboratory in Management of Metrological Laboratory) 1(0-3-2)
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Introduction to management of a quality system. Preparation for laboratory accreditation. Overview of
ISO/IEC 17025 and ISO 15189 and other related documents. Roll of quality manager. Laboratory design
and risk analysis. Development of documentations and implementation of quality systems. Field trip

required
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Principles of the ability to separate surface roughness from the shape of work piece by means Fourier
transform theory. Method for use equation to create a reference line to able to evaluate surface
roughness. Design and principle of contact and non-contact measurement systems for surface
measurement. Surface and roundness measurement strategies and application considerations.
Measurement data evaluation and analysis software. Standardization for surface and roundness
measuring instruments. Surface and roundness measuring instrument verifications and calibrations.
Sources of measurement uncertainties. Principle of assessment for conformance with surface and

roundness measuring instrument specification. Accuracy enhancement and future of surface metrology.
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(Biomedical Metrology)
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Measurement in medicine. Calibration of body weight scale. Calibration of blood pressure
measurement device. Calibration of pulse oximeter. Calibration of volume measurement. Calibration of
electrocardiographs devices. Calibration of ultrasound devices. Calibration of blood testing devices.

Quality management in healthcare system.

szilguigiTensunsInen 2(1-3-4)
(Research Methodology in Metrology)
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General research techniques, research aspect in metrology, literature study and searching techniques,
abstract writing, project approached management, feasibility study of a particular approach to a

problem in metrology, risk assessment, research proposal writing.
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(Metrology Practicum)
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Practice and training in advanced standard laboratory and calibration at least 30 days.
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(Current Issues in Metrology)
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Redefinition of SI base units, uncertainty evaluation by means of a Monte Carlo approach.
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Independent study on interesting topic at the master’s degree level, compiled into a report and

present in the final oral examination.

01436596  (309l@N1LYNINIATING 1-3
(Selected Topic in Metrology)
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Selected topics in metrology at the master’s degree level. Topics are subject to change each

semester.
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(Seminar)
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Presentation and discussion on current interesting topics in metrology at the master’s degree level.
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(Special Problems)
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Study and research in metrology at the master’s degree level and compile into a written report.
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(Thesis)
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Research at the master’s degree level and compile into a thesis.

aneﬁmiﬁflL‘%ﬁ]miﬁnmmwﬁngm

ANUTBUIAUNNTING IS UNYATANERS T1918N1TANYISEAUTNNARN VIV UTIAINGITY UININLIFBNEATAERNT

WU A wUU N 1

1) nanuinerinuduiodruniedinednusfeddsunsifun visegreeslduniseousulFanuiluasans
sefuMAvesTAUUILNATIIANANANUTEMARIENTIININNIEANANT (389 HENINUTINTRINTANNTINT NSNS
AMTHBULNINANUNIIVING

2) sufouufoRsuy Wulunaiiumingrdoiivun

WA N WUU N 2

1) nanuineinuduiedrunieiveniinusdeddsunsifun wisegreesldfuniseoudulianuluisans
sefumMAvesTRUULIATIIAMNNALUSENARMENTIIN TN gANANY F89 ndnInusinITRaNTANNTETITITNTAniy
NSINELNIHANUNIAYINS viethiaueafiuszyaivinstasunanuiiiausatuanysal (Full Papen) ld3unisafiasily
seaduiiiosnnnsuseaniunig (Proceedings) fandn

2) sufouufoRsun Wulumuiiuminendoriun

WA U

1) nanuineinuduiodrunieineniinusdeddsunsifun wisegreesldsuniseoudulianuluasans
ﬁzG'fusmﬁw%aizﬁummﬁmﬁﬁﬁﬂmmwmmismmmsnﬁmmﬁmﬁqmuﬁnm Sos ndnnawinsRinsasasmBnsdmiu
NSINELNIHANUNIAYINS viethiaueafiuszyadvinsTasunanuiiiausatuanysal (Full Papen) ld3unisafiasily
ﬁwmuﬁuLﬁmmﬂmiﬂﬁzﬂ;ﬁmmﬁ (Proceedings) fanan?

2) suouufinaue Wulumuiumingrduinue



