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(Current Issues in Metrology)
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3.1.5 AN95UYS182%

01436511

01436512

01436513™"

NANUINTING 3(3-0-6)
(Principles of Metrology)

YT NNIEAINLAZTZUUNEIY T2UUT0INITIN NTATIZRLEEANS
LERaNaNITIn ANUldituauLarsIeMIAN LYY 1INTTIUNUINTING]
Lz ane198e NMsiguNIRTgINEUNTalaENITAULINIEIN N15UTEANER59T09
Vel

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.

NTIATIZANINUINTINE 3(3-0-6)
(Metrological Analysis)

Aanuliutueulun1ste wwAreruasdulunsiawaznsuanuas
autiasduy MsteszdanueaiaedeunarnsussiiuAeasLay AL
Aaniadeu Wadauoudaisla anmvsnzanlneisideaesiosiigauaznng
NARDUAIUNUNZEL

Uncertainty in measurements. Concept of probability in
measurements and probability distributions. Error analysis and estimates
of mean and errors. Monte Carlo techniques. Least-squires fit and fit
testing.

NSAULIATFIUNATINGAZLONANTVNG 1Y 1(0-3-2)
(Metrological Traceability and Documentations)

ONENTIIATINEMaENTTASEUUENETS MTaTgETuTuTeInTs
Lﬁsmmmgmtﬁam’mmmauL‘Viaamasuaﬂa’laiszimaﬁummgmﬁlsimmmu

Metrological documentations and system. Analysis of calibration

hierarchy for validation of unbroken metrological traceability chain.

HeAnusuly
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AnuldnduaulunsIn 3(3-0-6)

(Uncertainty in Measurement)

AnudAyvesnNlidusuluInemansuazivalulad nann1sin
flugnu imdnidldlunista arwliudususazanuerainideu Manszas
Az Apaving Anueataededsszuy nMseanaaliuiuey

Importance of uncertainty in science and technology.
Measurement fundamentals. Terms used in measurement. Uncertainty and
error. Probability distribution. Expectation value. Systematic errors.
Calculation of uncertainties.
UINTINYUBING 3(3-0-6)
(Mechanical Metrology)

USH0UTINA UaTNITIN STUURNNG UINTFIURALNITHIEUNINTIIY
iwesindena waluladuazgunsaigalyl

Mechanical quantities and measurement. Mechanical systems.
Standard and calibration of mechanical measuring instruments. Modern
technology and instruments.
UjURnsunsingdana 1(0-3-2)
(Laboratory in Mechanical Metrology)

UHUANSE MUY 01436521 1T INgNTNa

Laboratory for 01436521 Mechanical Metrology.
1INTINGNTINIUTOU 3(3-0-6)
(Thermal Metrology)

IVNDUVNAFANSHALNAFARSADALUUATINGNTIAINTIU NNV
nsinlsnuTeunazinesueilines anaguugiaina 1990 uazmallans
g UIATIIURMNYH mii’mLs?qum%’auLLazﬂ’]i‘ii‘fﬂﬁﬁzuqqmqmm‘iwmL%ﬂmm
FoU

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.

*se391UnIny
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WMTIMEWTIPUTaUNAUURNT 1(0-3-2)
(Laboratory for Thermal Metrology)

UAURNTEMSUINT 01436523 11ATINe1TIAINTY

Laboratory for 01436523 Thermal Metrology.

IHTINYNTINAR 3(3-0-6)

(Coordinate Metrology)
PANNITHALNITHUAITZUUNNA A1STleumasbildssuuninasa

IS L% a

Wou nann1TiazNITeRNLUUlInassuuiTiaLuududa wannisiaianuulal
dufauazirinifauas mvsegndliiadesfliotalafiin vewduniussidunas
Jinsgsidoyanista umsgrudmsuies eslloTadeiida Anura1aLAd oy
AUAIEATLATNATH NIINIUABULAZNITALULINIFIU wiaafiunvesnwly
wueulunsin ndnnsusuduanuasaadasdudeivun 35mafivany
wiuvenAzesietndadiin alulafewandmiuinasinendeidn

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 probe. Application of CMMs measurement.
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.
UINFINTARIUNAA 3(3-0-6)
(Large-scale Dimensional Metrology)

a v %

WNTINeRARTInAAkU ALY N1sUSEENAAETUNTEUUTAR

Y] ¢ aa Y]

V3NN ManMTInsrerduysal INMsTALUUNMAIA nannsveRawesisaNg
VANNISLALDIANMULALNABIANTID NNTTIIAIINNNLALLEIEINTRAUUT LU
Ain wrasiuvesuAaInAdaulun1TIn WRsTINEmTUATe TN ULA

NUANAA
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01436532

01436541

dAa. 2

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 three dimension coordinate measurement
system. Sources of measurement error. Standardization for large-scale
dimensional instruments.
wesIedelniiuazusinan 3(3-0-6)
(Electrical and Magnetic Metrology)

Iadte auulain auinldingn aun1svesiunglaag NSuNSsd
waimdnlni andfnialniuasaudinisudivanvesian Usingnisainig
Iiusdindn msgudsanamelnil wazuiunamaudingn nsinnaznis
WovsasguesosiauSinumalnihuazusingn meluladuazgunsaigelvsl

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.
TR suesInendslniuasusdingn 1(0-3-2)
(Laboratory in Electrical and Magnetic Metrology)

UHURNsd MU 01436531 wmsinedlniuazusdingn

Laboratory for 01436531 Electrical and Magnetic Metrology.
wnsineglnneudugs 3(3-0-6)
(Advanced Photonic Metrology)

v Y

NANNWIALANEAS AITUSIIIAL-AEAT MENT0UALRTUATNNT
Usggnd 1INTINGITVALAANTLAZIINTINGINITIHUYY N1FTAINNIN N3
Touas msinlaenisunsnaeauazanlasalnd n1sussgndlowiiuadlunis
10 11MIFIUNTLATISERIRUmMansuarNsiieunsgIuaunsal nsdiAnw

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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UftRnsasinenneudugs 1(0-3-2)
(Laboratory in Advanced Photonic Metrology)

UURMS dmsuien 01436501 wmsinendauasiugs

Laboratory for 01436541 Advanced Photonic Metrology.
UATINGNTIAIDUFL 3(3-0-6)
(Quantum Metrology)

nguieeusudesiu nvaafuioiawesiazuinsgiuia anm
18908 UagIINIFIUANUANANS Usingnisaisoaifanioufuiariinggu
ANATUNIY N1580ARLIIATIAIBUANLAZUINTTIUNTERE ANAIRIVDINGIA
WAZHINTTIUNTS ANAIVRIlUATINUNLAEIIRTIIURUN WA IneTlnneu
e Juneuitidineudiuwazinasine e e

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.
WATINY N NOAAMNTTH 3(3-0-6)
(Manufacturing Measurement)

o v

wmadansialugraimnsy w3esia wazisuiildlugnannssy
n3iAluszUURNTEIMazNIssnYIAINUeanAs n1ssunauLazlesiu n13in
wavnsihseinsduasiiion m'ﬁ’%’aLLazmﬂﬁﬂimﬂumm‘ﬁwmqmmm‘im

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.

*se391UnIny
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UdRnsuSmMsvieslfuRnsunsinen 1(0-3-2)
(Laboratory in Management of Metrological Laboratory)

nsuiTszuunmn LD a3y nswIsukesUfuRnniiasuns
521950509 UTTwagy ISO/IEC 17025 uag 1SO 15189 uazianansdud
Aot NUVBIHIANITAUNIN NITTANIIMIANATALALAITIANITNTNYINS
WaenuarANgNAeY NMseusukarlidwuzininmy Msuimsgunsaliay
MAigUIIMIFIU NFEUINNMINTIITUTEMRIUfTRANMT Msdansaunden
warveddeINYeIU Ui MseenuuuielURnswazn1susedundm
e MIRRLILaz U URMULENATTAMAN nMsAnwUeNaaILT

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.
1ATINE AR 3(3-0-6)
(Surface Metrology)

miﬂszqﬂﬁvjSsﬁ‘mwuwg%mLﬁaﬂmwﬂﬁuﬁaaaﬂmﬂmmmmu N3
TaunsnidusidafioUszdfiumnuneuiia n8NN1THALN1TEDNLUUTEN
sruunsTauuududaasuuulddudalunistaiuia wdnisnsTauaznns
UszynaldindsiloTai uiauazaiunay sedunidmivlssuanauas
Anseidoya masnspiudmiueiosdiotaiufiauazaunay n1smiudey
LLazmiLﬁﬂummgmLﬂ?mﬁai’mﬁuﬁaLLazmwmau wid e unvesaaul
wiueulunste ndnnsuszfiuanudenndestudomrunvennieletn

NURILALAIILNAY ITNITALAIULUULALDUIARVBINIATINYINUR

*se391UnIny
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Application of Fourier transform on separation of surface and
roughness. Using equation to create a reference line for surface roughness
evaluation. Principle and design of contact and non-contact measurement
systems for surface measurement. Surface and roundness measurement
and application. Measurement data evaluation and analysis software.
Standardization for surface and roundness measuring instruments. Surface
and roundness measuring instrument verification and calibration. Sources
of measurement uncertainties. Principle of conformity assessment with
surface and roundness measuring instrument specification. Accuracy
enhancement and future of surface metrology.

1NASINYNTINITNNE 3(3-0-6)

(Biomedical Metrology)

MFIALUNINITUNNY mil,ﬁEJUﬁ,ﬂmgmm%im%’dﬁé’mﬁﬂ‘i’Nm&J 13
Lﬁaummgmméaﬁ@mmﬁﬂaﬁm miLﬁzmmmgmm%aﬁmﬂ%mmaaﬂ%L’«J‘u
Tudeon miLﬁ&lummgmmﬁmﬁmm miLﬁaummgmm‘%aﬂmwﬂéﬂwm’1
ala miLﬁEJ‘iJmmg’mma miLﬁ&J‘UiJmiﬁ’mm%ﬁﬂé’amwnﬁ AITIEU
mmgmm%awmaamﬁam miiﬁ‘mi@mmwimwumawme@

Measurement in medicine. Calibration of body weight scale.
Calibration of blood pressure measurement device. Calibration of pulse
oximeter. Calibration of volume measurement. Calibration of
electrocardiography devices. Calibration of ultrasound devices. Calibration
of blood testing devices. Quality management in healthcare system.
5z U8 UIBINEN NN TINGT 2(1-3-4)
(Research Methodology in Metrology)

wafiarhluluadde fenanisidenianesiven wedanisd1san
wazAnuwendls ATIWIUUNARED N1TUTMITLULIATINGG A15AN®IAL
JullsluseaziBonvestymniaunsiner msusadiuanudes nsdey

YoLEUDLATINTT

*se391UnIny
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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.

01436592  NISANULINTINEN 3
(Metrology Practicum)
AnvinueuazdfoRnuluies UfTGnsmassuduauasnisdien
wnsgrudunailidesnit 30 Ju
Practice and training in advanced standard laboratory and
calibration at least 30 days.
01436593  Usziiiulutlagiununsine, 2(2-0-4)
(Current Issues in Metrology)
Henulvsdvembeyagiuedls nsuszdiuanuliviusumessileou
Wuauiaila
Redefinition of SI base units, uncertainty evaluation by means of
a Monte Carlo approach.
01436595 " NSANWIAUAINDETY 3
(Independent Study)
nsfnwduadasyluideiuiaulaseduiyaiin SeuSeaduy
189U
Independent study on interesting topic at the master’s degree
level, compiled into a report.
01436596 BoaaNZNNATING 1-3
(Selected Topic in Metrology)
Sosameanasinen luseaudsyyln Hidedeavdsuwlasliy
TulsazniAN1ANY
Selected topics in metrology at the master’s degree level. Topics
are subject to change each semester.
01436597  duuwn 1
(Seminar)
mstnauekarefumemdefiunaulamanasiven Tusedud3yaiv
*snedyal
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Presentation and discussion on current interesting topics in

metrology at the master’s degree level.

01436598 Ugyyieiy 1-3
(Special Problems)
NMsANYIAUATIMIGENIATINGT SEAuUSa N waviSeuseadowdu
189U
Study and research in metrology at the master’s degree level
and compile into a written report.
01436599  Anentinus 1-36
(Thesis)

AelusyaiuUSynlnuavSeuSeadouduinerinus
Research at the master’s degree level and compile into a thesis.
3.2 Y9 - dNA AWVUILAZANAIVEID15Y

3.2.1 919138UsEImMANgNS

a1y %g ~ muaqa NFTIUEDU
ATLAUINIIBING
ARl §1U1UN NAIIUNIIBINTG nangns
g a de g Jaquu o
PFIUU U W.A. NANID Usuuss
N13ANYN
L | wedoey wdeises” WY 01436523 | 01436523
SRIANENS1NSY 1. Self-organization of multiarmed 01436524 101436524
w.u. (WEnd) spiral waves in excitable media, 01436597 | 01436595
PN UNEATAERS, 2562 01436598 | 01436596
2539 2. Concentration measurement of 01436599 | 01436597
W, (WEAnd) chromium passivation solutions 01436598
UUNINYINUNEATANERT, by an optical method, 2562 01436599
2542 3. Measurements of tin-palladium
Dr. rer. Nat. (Nonlinear catalyst concentration by an
Physics) optical method, 2562

* a'miﬁq%'uﬁmawﬁ'ngm
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aeu I A13LUADUY
ATNAUINIIYVINT
AR §11UN NAITUNIIYINTG RaNgns
g e de o Uaqiu o
YOANIUU U W.A. Ne5D Usulgs
N13ANE
Otto-von-Guericke 4. Multiarmed spiral waves
University Germany, 2551 generated by periodic stimuli in
m“zl'lﬁl,%ﬂ’nﬂﬁuu excitable systems, 2563
Biophysics, Excitable media,
Nonlinear Physics
2. | weungrd Fune” NIy 01436512 | 01436512
;gsdggﬂqaqugg 1. Haptic feedback with a reservoir 01436513 101436513
MU, WAnd) computing-based recurrent neural | 01436597 | 01436525
UNINYIBYLNEATAERNS, network for multiple terrain 01436599 [ 01436526
2534 classification of a walking robot, 01436551
.4, (FEnd) 2562 01436571
UUINYIBYLNEATAERNS, 2. Laser excitation spectroscopy of 01436563
2540 beryllium heat treatment in 01436595
Js5.0. WAnd) synthetic ruby, 2564 01436596
UUINY1BBURNR, 2556 3. Mathematical model of DBH 01436597
mmﬁlﬁimmzy uncertainty from the shape of the 01436598
Computational Physics, wood cross-section, 2564 01436599
Metrology, Condensed 4. Application of multi-wavelength
matter Physics lisht source to micro welding
inspection, 2564
3. | wounwgvs awysaiiedte | swdde 01436595
919136 1. Numerical tracking of impurities 01436596
.. ([Wand) by dust ablation in HT-6M plasma, 01436597
UMINRBUARS, 2551 2562 01436598

* a'miﬁq%'uﬁmawﬁ'ngm
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aeu I A13LUADUY
ATNAUINIIYVINT
AR §11UN NAITUNIIYINTG RaNgns
g e de o Jagiu o
YOANIUU U W.A. Ne5D Usulgs
N13ANE
M.Sc. (Physics) 2. Droplet transport from main HT- 01436599
Imperial College London, 6M poloidal limiter, 2562
UK, 2553 3. The plan of diagnostic systems for
Ph.D. (Physics) the first phase of Thailand
Imperial College London, tokamak, 2563
UK, 2558
4. | yremedns Sunsaot 3T 01436531 | 01436531

SO9ANANSI191S5E 1. Phase Formation, Morphology and [01436532 | 01436532
MU, WAnd) Magnetic Properties of PbTiOs- 01436596 | 01436595
UNINY1AYLNEATANERNS, Fe,O; Heterostructure Ceramics, 01436597 | 01436596
2539 2564 01436598 | 01436597
.. (W) 2. Magnetic Phase Transition without |[01436599 | 01436598
UNINYIAYLNEATANERNS, Heat Treatment of the as- 01436599
2545 Deposited Iron Oxide
Js5.0. WAnd) Nanoparticulate Films Prepared
UNIVREISYaNYal, 2550 by Sparking Process under
ﬁf]qy]ﬁ[ﬁ‘iﬂfgqj’]m External Magnetic Fields, 2564
A LAz wLEn ﬁg%’ui 3. Effect of silane coupling on the
USinumaliihuasusivén properties of polylactic

acid/barium ferrite magnetic

composite filament for the 3D

printing process, 2564

4. Loading Effect of Sol-Gel Derived

Barium Hexaferrite on Magnetic

Polymer Composites, 2564

* a'miﬁq%'uﬁmawﬁ'ngm
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YT I AT
ATLAUINIIBING
ARl 61U NAIIUNIIYINTG RaNgns
PR . - Uaglu .
YOANIUU U W.A. Ne5D ’ Usulgs
n15ANEN
5. | wedtand adreiiex NI 01436511 | 01436511
AYIEAEn519158 1. Effect of beryllium heat treatment | 01436521 | 01436513
.. ([W@nd) in synthetic ruby, 2562 01436522 | 01436514
UMINYIRBLNEATANERS, 2. The color center of beryllium- 01436541 | 01436521
2538 treated yellow sapphires, 2563 01436542 | 01436522
.. (Wand) 3. Internal resistance measurements | 01436561 | 01436541
UMINYIRBLNEATANERS, of Li-ion batteries using AC 01436592 | 01436542
2543 methods, 2564 01436593 | 01436561
m.a. (Wand) 4. Causes of color in purple-and 01436596 | 01436592
wImedemalulaggsus, yellow-quartz, 2564 01436597 | 01436593
2548 01436598 | 01436595
anideavey 01436599 | 01436596
Solid state Physics, 01436597
Metrology, Gemology 01436598
01436599
6. | wamas3nd WinUsedad™ | U3 01436562 [01436562
femansnansd 1. nsAnwdadouaziudsiifinass 01436591 |01436591
.. GEnd) nsnemzldend, 2562 01436597 01436595
UNINYAYLNEATANERNS, 2. Computer soundcard as an AC 01436598 01436596
2538 signal generator and oscilloscope | 01436599 |01436597
M.Sc. (Energy Technology) for the physics laboratory, 2561 01436598
Asian Institute of 3. Growth and characterization of 01436599
Technology, 2540 NiIWO nanorod films prepared by
Dr.rer.nat. (Physics) reactive magnetron Co-sputtering

* a'miﬁq%'uﬁmawﬁ'ngm
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Ruhr University Bochum, with oblique angle deposition,

Germany, 2550 2564

AU IVEY

Solid state spectroscopy,

Energy technology
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Importance of uncertainty in science and technology. Measurement fundamentals.
Terms used in measurement. Uncertainty and error. Probability distribution. Expectation value.
Systematic errors. Calculation of uncertainties.
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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 probe. Application of CMMs measurement. 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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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 three dimension coordinate measurement system. Sources of measurement error.
Standardization for large-scale dimensional instruments.
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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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Application of Fourier transform on separation of surface and roughness. Using equation to
create a reference line for surface roughness evaluation. Principle and design of contact and non-
contact measurement systems for surface measurement. Surface and roundness measurement
and application. Measurement data evaluation and analysis software. Standardization for surface
and roundness measuring instruments. Surface and roundness measuring instrument verification
and calibration. Sources of measurement uncertainties. Principle of conformity assessment with
surface and roundness measuring instrument specification. Accuracy enhancement and future of
surface 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 electrocardiography devices. Calibration of ultrasound devices. Calibration of blood
testing devices. Application of Metrology in healthcare system.
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Metrological documentations and system.
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Metrological documentations and system.
Analysis of calibration hierarchy for validation of
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