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Power Quality

welulaBndanudugs

Advanced Energy Technology
nseenuuUAIasdnanaluii
Electrical Machine Design
Aminssuszuulnlalianidn

Photovoltaic Systems Engineering

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(3-0-6)

12 ReAe

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(3-0-6)



303524

303528
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NTIATIBVAUAN YT VRINILUAIIUMAINTE AN TS
Analysis of DC Power Converter Characteristics
WidonitAawmnIsuluinnas

Special Topics in Electrical Power Engineering

nguivndiannsednduazszuvaussnatledia

303540

303541

303542

303543

303544

303548

303549

M399NUULNATVBUAL T NTNANAGS

Design of High-Frequency Amplifiers and Oscillators
miaaﬂLL‘U‘ULLaséjﬂLﬂiwﬁiﬂiﬂﬂﬁﬁJ%uq\i

Advanced Network Synthesis and Design
n@eulUTunTUIRAUTZUUNAIASS

Real-Time System Programming
ddnnsedndnauas

Opto-Electronics

didnnselinddanisunme

Biomedical Electronics
WideRirynadiannsedinduiarsyuvaneanailed 1
Special Topics in Electronics and Embedded Systems 1
WideiiAunedidnnseiinduagsyuvanaanailad 2

Special Topics in Electronics and Embedded Systems 2

NENIVTTUUAIUANLASNITUTTNIANAT Y Y0

303553

303554

303555

303562

303563

303564

303565

303566

303567

mimuqmma'ﬂLL‘U‘UﬂquLﬂ%@LLaﬂﬂNﬁd’lanza’m
Neural Network and Fuzzy Logic Control
iwumummummzamﬁaﬁ

Optimal Control Systems
NIIAIUALLUUPINUY

Robust Control

ANSUTEUIANANIN

Image Processing

ADUTILAD IV

Computer Vision

N1508NLUUAINTY

Filter Design

lARMIRHndlar IEUUYUEUA
Mechatronics and Robotics Systems
nLan

Wavelets

nguimIEeusiaiosing

Machine Learning Theory

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(2-2-5)

3(3-0-6)

3(2-2-5)

3(3-0-6)

3(3-0-6)



303569  YaMikAYNNNSTUUAIUALLAYNTUTEINARARY
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Special Topics in Control System Engineering

ngu3vdanssulvidess

303571

303572

303573

303574

303575

303576

303577

303578

303582

303583

303584

303585

303586

303589

deynanazseuuBaiugy 1

Stochastic Signals and Systems 1
deynanaz sEUUBLTugy 2

Stochastic Signals and Systems 2
nuivenduleruaiagnisdoasmanas

£UEU 3(3-0-6)

o

and Signal Processing

3(3-0-6)

3(3-0-6)

3(3-0-6)

Theory of Optical Fibers and Optical Commmunications

NM59ONKUUSTUUFRANS

Communication System Design
2995kulAsaN: Ngufuazinalla

Microwave Circuits: Theory and Techniques
mmwﬁﬂizmaﬂﬁluﬁm

Radio Wave Propagation
"3‘1/1qLL‘U‘U%JQﬁQLLazﬂ’ﬁ%@ﬁ’]ﬂ%ﬁW

Cellular Radio and Wireless Communications
ma?ﬁlamﬁizuuﬁuam%’uqq

Advanced Digital System Communications
sulouistulsvneusunsdmivimnssulnin
Finite Element Method for Electrical Enginee
seideuisideiavd wsuuduaniui
Numerical Methods in Electromagnetics
NouNSAMAENTUTEENALTIY

Queuing Theory and Applications
VWA

Coding Theory

VWi a80INe

Antenna Theory
widefiewmaimnssuliiindoans

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(2-2-5)

3(2-2-5)

3(3-0-6)

rng

3(2-2-5)

3(3-0-6)

3(3-0-6)

3(3-0-6)

3(3-0-6)

Special Topics in Communication Engineering

(2) NS

303593

303594

303595

WGTNUS 1 WNY A UL N2
Thesis 1, Type A2
WGTNUS 2 WNY A LUU N2
Thesis 2, Type A2
WINUS 3 WNU A LUU N2
Thesis 3, Type A2

U 12 W280A
3 UUIYNA

3 UUILNA

6 KUIAR
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(3) swAvUsAulituniein 37U 4 KW

303591 @uuun 1(0-2-1)
Seminar

303592 seideuitidemainedmansuazinalulad 3(3-0-6)

Research Methodology in Science and Technology
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3.1.4 uuNsAnYINANgATIAINISUAERTUNIUAARN (AAansTalnii) weu n wuu n2

SHEIY

303501

303502

303503

303592

303xxx

303xxx

eI

303591

303xxx

XXXXXX

XXXXXX

XXXXXX

303593

U 1
ANANITANEIAY
. i
(nguf)-UfUA-Anwnienuias)
ANRAERTAIMSUNTUSTIaNad 10l 3(3-0-6) 30
Mathematics for Signal Processing
ALnAERITAINTUNITUTENW 3(3-0-6) %39
Mathematics for Approximation
AMNAERT LT LAY 3(3-0-6)
Non-Linear Mathematics
szilguiniTunTinemaniuazinalulad 3(3-0-6)
(ladtdunaein)

Research Methodology in Science and
Technology (Non-credit)
IR 3(x-x-x)
Compulsory Course
RLANAGY 3(x-x-x)
Compulsory Course

594 9 MUWYAA

U 1
aAnsAnEUane
Fodwn o Q‘T:i 'ff’ﬁm,,
(N9 uf)-UURA-AneIA8AULR4)

dunwn (bidumiedn) 1(0-2-1)
Seminar (Non-credit)

JU9AY 3(x-x-X)
Compulsory Course

aeN 3(x-x-X)
Elective Course

I UEDN 3(x-X-X)
Elective Course

I UdN 3(x-X-X)

Elective Course
WUINUS 1 WNY A LUU A2 3 RUIAR
Thesis 1, Type A2

593 15 wagna
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U 2
A1ANTSANYIAU
o a o a U280
FUEIV JIU o Y
(wqwg—ﬂgum-ﬁnmmammaq)
303594  ANYIRNUS 2 bEU N WUU N2 3 BUILNA
Thesis 2, Type A2
XXXXXX A aen 3(X-X-X)
Elective Course
594 6 KUWNR
U 2
=
arAn1sAneIUansy
v a o a “i28nn
SHEIUN ¥3U o mem sy
(nqug-UUR-ANYINI8AULDY)
303595  NYITNUS 3 WAU A LUU N2 6 NUIBNM

Thesis 3, Type A2
594 6 MUIBNH
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3.1.5 A195U8T18U1
303501 AAAIERTEINTUNITUTEINaNaFYE U 3(3-0-6)
Mathematics for Signal Processing
nufanutnandu  eynsuylises nanisulamises nan1sudasaivay nansuuadugn
nan1swlasSesifumiie madszgndldaulussuunivaunasnisussaianadoyy i
Probability theory; Fourier series; the Fourier transform; the Laplace transform; the

z-transform; the discrete Fourier transform; applications in signal processing and control system.

303502 AfinFanTaImMIUNITUTEIM 3(3-0-6)
Mathematics for Approximation
aunLTeeiusasiey eunsuetiuALaENINARRUNIEN NOUMNING wasivndndaudy
wumhmsleneidsiiamasisiulszneusuns uavmsussgndldnuluddmns
Ordinary differential equations (ODEs); matrix theory and linear algebra; systems of ODEs;

introduction to numerical analysis and finite-element method; applications in engineering.

303503 AMIAAEASLT9E 3(3-0-6)

Non-Linear Mathematics

aunsseuiusandayliigady aunsleuiustes Jymasirauazduiiniaunanda gns
nMsmUsHusuuuiigesn fidulalanesiinuazulsuesiinvasinusitedou wasnsussenaldauly
WAAINTIY

Nonlinear ODEs; partial differential equations; Dirichlet problem, and integral calculus,
and Poisson integral formula; holomorphic and meromorphic functions of one complex variable,

applications in engineering.

303511 MsUfuRnsuazmIvANsEUUlNinmas 3(2-2-5)

Power System Operation and Control

wuuUdaesd niuesAUsznavvessruuliinidiwaznisiesiziluanlnaiuesssuu
ATTLAREU/NTTUAnSY MaRausTdeuiinslinsgiuazeanuuusruudnsuanizund anmedn
A3 UazaNENadIn ATUTTINMENUY A1TILATITRNITANINDT m‘smuQmmmﬁﬁuaﬂwa@ 19
MUANNNARSALLITR Tilasgsilvaninad msihsvuuneuinmefinlflunisuanauasdoans
WSouAUNIINAaITBUlUTLNTUADNIIAD LA NTINADINTURN YA

Modeling of power system components and load flow analysis of AC/DC systems;
development of methods to analyze and design of systems for steady state, transient, and
dynamic conditions; state estimation; contingency analysis; load-frequency control and automatic
generation control; load flow analysis; computer-aided systems monitoring and communication;

computer laboratory session on use of application software and sample study
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303512 naufinTesdnanaluiii 3(3-0-6)

Theory of Electrical Machines

AouwAnwes wiwed Wanduwilndniieindes uazmiiesa 199sudmdninduarme
was mMauvasiundenu ssuunssduife seuunsedug Muguduedosinsnalii: msdinse
LALDDNLUU g‘ULLUUﬁWaawmﬁt:ﬁMﬂ’lam%ﬂJmLﬂ%ﬁﬂiﬂﬁiﬂﬂﬂmzLLaGmLLazmimnaauamaz
Anund nieudasiniiuinueainanula w3ssdnsaunsanuna wiesdnswierhaua vowes
wlalien anmzdaaguuduamedsidaluih vifeutas uaziniesdnsnalwih usingnisalonsauas
Fdlnshs gunsalifnduilriuasnsneumisauy

Complexor, phasor, flux linkage, and units; electromagnetic circuits and transformers;
energy conversion, single excite, and double excite; fundamentals of electric machinery:
analysis and design; mathematical model of DC machines and fault detection; 3 phases
transformers, 3 phases synchronous machines, 3 phases induction machines; 1 phase motor;
transients on transmission lines, transformers, and machines; arcing and restriking

phenomena; lightning arresters and insulation coordination

303513 szUuNsHhUaIiUNEI9U 3(3-0-6)

Energy Conversion Systems

AANYMzkarn1TUTEENALTUETIAtINaY neneladuazinalinnisaruaANAL AU
wuuee Teun nszuansudunsvuanss nszuassuilunsyuanss nszuansudunssuaadu uay
nszaasuilunszuaadu avuitewdeniueiingn wadanstlestuluszuudidnnseiindings
msldnuszuudidnnsedndmdslunuusag Toun undsinemadlnideios ssuveusud seuu
AONNINRS SEUUINTANWIAN LagNITEUIUN1IA1) lugnaIvngsy

Characteristics and application of power switches; various DC-DC, AC-DC, DC-AC, and
AC-AC converter circuit topologies and their control techniques; total harmonic distortion
and power electronic system protection; application to uninterruptible power supplies,

automobiles, computer systems, telecommunications, and industrial processes.

303514 nsdaniskazausuiavesasisayulnanielniiaigs 3(3-0-6)
Organization and Finance of a Power Utility
wleuisuazinguszasavesarstsgulaanielniinids nisusulassasisvesianisinii

wiara sUkuulassaazvauievensuiulaseaing msuusguianmslidn anuaunsalunis

nanvoInan1siwin aatalwin mﬁ@mmmz%’ayjamﬂﬁm% NIAINULANITHEY ﬂ’]iﬁTWLLuﬂQU%Iﬂﬂ

Snselulil dosrinmedanandey
Policy and objectives of a power utility; electricity sector restructuring-rationale,

models and frameworks; electricity sector privatization; electricity sector productivity;

electricity market; management and account information; investment and finance; customer

classification; electricity tariff, environmental constraints
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303515 nMsmAnmnyaigawaznsUszgnaluluifds 3(2-2-5)
Optimization and Its Applications in Power Systems
YautBLagndNNIsveLATam AL aufigadmiussuuliindids msmuauszuy

Iifiddauuunatate nmsdenisszuuindandnediavanzay ginaenfiouud n13Uszgnd

Tausehvgdmsuszuulniinmds wieudunisveasadeulusunsuneuiumesdmiumailn N3

mAnmnzaLasnsUszendlityguseivslussuuliihmauasnsinasinsdifinwieeg
Realm and concepts of optimization techniques for power systems; real time

control of power systems; optimal power dispatch; unit commitment; Al applications;

computer laboratory session on use of application software and sample study

303516 weluladlihussgedugs 3(3-0-6)

Advanced High Voltage Technology

AosauAvesEnslad Lﬁﬂw‘%ﬂLLazLmemﬁ@ﬁIugmmmmwﬁmiﬁnuﬁ’mmazmau msleesluwdi
warMsiusnamU LA ﬂWﬁGU‘LJLLUULaEJ’J‘W‘%’E]ﬂ’ﬁ‘VIG‘la@Qﬂ’ﬁ‘UULLUUé’}LLﬂQ NSUSYILIAVBINSUSNATI NS
USuwiagunsal gunsalauiuagmsussend nsasauazanssouzvasaunsalluiusseas Anfudsequas
nyinnruagdevadadidnyiin Nseeniuukaem TN e Ul usg

Properties of dielectric materials and basic concept of atomic collision theory; ionization
and uniform field breakdown in gases; single collisions or beam experiments; time lags of
breakdown; calibration of apparatus; insulations and their applications; constructions and
performances of high voltage equipment; capacitance and dielectric losses measurement; design

and layout of high voltage power systems

303517 N13INHRULALLATYFA1ERTNITLNTN 3(3-0-6)
Electricity Economics and Planning
N199NUHUNNGINITNES YUNDINIFULATHTAansLazinalulagaasszuulnin Ay

£

#9015 N A1sNeINTalANARINSIE NN A1sgwRulunIAnIsHAR I LAz ASUSEUN

€

a

AUNUNITHERN N1TINMNUNITAWU N15ARTIATIAN N13Tansaunslalnia weuienisdnnig
3&LL’JG‘|§@3JLL63N&?W%V]U

Nature of electricity planning; economic and technological dimensions of power
systems; power supply requirements; electricity demand forecasting; generation planning
and production costing; investment planning; electricity pricing; demand-side management

and environmental management policy and their implications

303518 L@dusnnnaznainuesszuu Ay 3(3-0-6)
Power System Dynamics and Stability
Afle1n wagn1sauunuuuInasaslauniinvesesalsenounieglussuuluiinas nns
imwﬁmﬁmmmw%’mj mylesgmaiosnnluanmzdyaavunadn Bmsudlasazuius
fmuauiadesnmszuulninddgs n13MssaNstes MTIAIIERET oI INVRILTIFURUUEDA
WASWAIN
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Definitions and classifications; dynamic modeling of various power system
components; transient stability analysis; small signal stability analysis; method of
improvement; power system stabilizers; sub-synchronous resonance; voltage stability static

and dynamic analysis

303519 Aan il 3(3-0-6)

Power Quality

mudesslidslii maifialnanuaznsialvan gunsailiestulasmevinusmiuves
gunsad mmﬁaﬂmﬁLLazmmwauqmmwmmﬁﬁﬂﬂﬁw wdnnsvesrudedolduarauuasnde
Y9933UU MINauRuAITeiolfuazanuUasndsdmivannzuninagliund/anidu nagnsnis
Ufupsarudeiielfuazanutaonde Tsdwihawadn mfindaussdonsotussuuswine

Power supply requirements, load growth and load shed; protection devices and their
coordination; power quality requirements and their control; system reliability and security
concepts, planning of system reliability and security for normal and abnormal/ emergency
conditions; strategies to improve reliability and security; dispersed generations (DG), installing

and interfacing to distribution erid

303521 Lwﬂiu‘laﬁwé’amu%uqﬂ 3(3-0-6)

Advanced Energy Technology

wealladsruutiendanulih fnenm wamdnudemdmeadauasng sumaum nsld
WENIL HANSENUReALINA DL Mé’ﬂmiﬁugmuazﬂizmumﬁLL‘anwé’Nm UsgavSnmuaensiiag
w&aemy welilaBlasiszuulianua  wissdnsnalniianumla msvhanmwesedssiuilaliias
gunsaivaramdsmuildlussuundsnumauny madeuselsdluiin Auszuuliihuazmsmuny

Electrical power supply technology: capabilities, energy resources, fossil and renewable
energy, energy consumption, environmental impact; energy conversion: physical fundamentals,
processes, and efficiencies; three-phase AC drives technology: three-phase machines, operating
performance of synchronous generator; storage devices used in alternative energy systems;

electrical grid connection and controls between power plants and power

303522 N30DNKULLATDNINA LN 3(2-2-5)

Electrical Machine Design

mMseenuuuaLwivEnlnindmsueTesdnsng wu nsimuandlannuduiusues
PUIALALIATEATEITNING N1TRULINMENNITHAZIMATIATEINITEONWUUNITRUBE LM dY
mpdian1senuuULAIsdnInaLULLIMANA1ISUAY SR UIIANA LW T

Electromagnetic design of rotating machines, such as to develop an understanding
of the relationship between dimensions and rating of machines, to introduce the optimal
principles and techniques of winding design, to develop techniques for the design of

permanent magnet machines, and to calculate representative winding reactance
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303523 Aanssuszuulnlalianian 3(3-0-6)

Photovoltaic Systems Engineering

NANNITYINUYBUTAARAIBITINE NIINAUTNBULVIYAFREAIRITAE LUUTIRBINIY
ANAAIARSVBUYADNINE HAYDIAUTULALALRAUNNTRDNTYINNUTDLTAALATDTINE AllA
mMsmaaiidsgean sukuunsideusegunsafluszuulnlaliandn msuszgndldnudinnsedng
masuszuulnlalianidn

Operating principles of solar cells; characteristic curves of solar cells; mathematical
model of solar cells; effects of irradiance and temperature on solar cells; maximum power
point tracking approaches; configurations of photovoltaic systems; application of power

electronics in photovoltaic systems

303524 NMTHATIBVANEN BUETDIRILUAIRUMEINTELANSS 3(3-0-6)

Analysis of DC Power Converter Characteristics

yeweladvesiulasiuidnszuanss uuuiaesigiawm walansiadeUindaem ns
Anseidgyaavunanvesiulasiuianseianss enduaislouvesiiuasiurdainssuans
nanauauBItInsuazanouausduanuzoginvesiitasiufdinszuanss

DC power converter topologies; state-space models; state-space averaging
technique; small-signal analysis of DC power converters; transfer functions of DC power

converters; transient and steady-state responses of DC power converters

303528 tanitAunIIAInTu &y 3(3-0-6)
Special Topics in Electrical Power Engineering
seiniaasevaquideiiunaulalutiagiumeiuimnssuliiiids dagnidenunain

Raoulunuudiamnssulniaigg
This course covers topics of current interest in Electric Power Engineering selected

by the instructor in the area of Electrical Power Engineering

303531 mseonuuuszuuiltlilasTusieaves 3(2-2-5)
Microprocessor-Based System Design
n13d1aesedululasiuswaigesvesgunsal Tdnuluiaiaduasassnieay wwiRnlunig
ponLUY gunsnl srdauasuasenliuag noudaumesuaznsdumesiviy nmslusunsuiifiuseansnm
ATNTEAUEEMTUNITAIUAN NITIMEBIUNITORNWUULAL SEUUUTEIIANAVIAE6,
Microprocessor simulation of digital logic and real-time devices; design concepts;
device hardware and software configurations; transducers and interfaces; efficient

programming; high level languages for control; design aids and multi-processing system

303532 miaaﬂmewi@ﬁﬂmaﬁﬂﬁ%’jugq 3(2-2-5)
Advanced Electronic Circuit Design
AATIBALALOBNWUUNATTINQUINY ANATNITUARIT 1ATVININAR wavosruldidugauaf
vpspaUnand NMsldarumeaudadunasliidudadureseaiuaudidu 1935n5094NTIN 2935
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WIGUTEU 1ATAM NNTDBNLUUTDINITUL LA wastelrlAewasyiiliinEoy 95 adongUIems
Audladyana MalwzilazeaniuuaTldnnseiindlngefeneuiinmes unumvesreNimeslu
NILUINTOBNLUY LA DsTiauasnATla

Analysis and design of analog integrated circuits; constant current circuits, differential
amplifiers, effects of non-ideal characteristics of an operational amplifier; linear and nonlinear
applications of operational amplifiers such as active filters, comparators, multipliers; design of
various amplifiers, power supplies and regulators; phase-locked loop; waveform generator.
Computer-Aided Analysis and Design in Electronics Circuits; role of computers in the design

process; tools and techniques

303533 WMALANITAANDUAYYIMTUNIU 3(2-2-5)

Noise Reduction Techniques

noufuariinufUiRveansmugdygiusuniuuuudioy nalalunisandyayinsuniu iy
M3Pau NMsroasiuLaznIsnsas Myiaveddule amunasivessguia JamdwulowasiBudlalym
Tunsussgndtuurasngliiuuadu nseenuuuiinsasauudioule

Theory and practice of E.M. noise coupling; Techniques for noise reduction: shielding,
grounding and filtering; measurement of EMI to comply with government regulation; EMI

problems and solutions to switching power supply applications; design of EMI filter

303540 mia@ﬂLLUU’N%GUEHEJLLamwiﬁﬂLﬁmmmﬁQQ 3(2-2-5)

Design of High-Frequency Amplifiers and Oscillators

WITLADIA0) ?J@QVliﬁu%ﬁLGla%LLazﬂﬁ@@ﬂLLUUQQ%i%HWSﬁ@@WNﬂ?WNﬁQQ 1AS9UI8NT
Jug nsdueBuiiunudriglulasansula uag adu wnunmvesaiisuavnisldaululasaiienisdue
LAZNITODNUUVYIDINATVYI8F Y18l L@desnmnsluda wisdiwesn1snszdnnszaisuaznisiy
NUlUAITORNLUULAZ AT BTNV L TRd Y Q0

Transistor parameters and its design of amplifiers at high frequency, matching
network: impedance matching with microstrip line and stub; Smith’s chart and its use for
matching networks and design of amplifiers; bias stability; scattering parameters and its use

for oscillator design and stability determining

303541 miaammmazé’aLmﬂzﬁimmhaﬁffuqa 3(2-2-5)
Advanced Network Synthesis and Design
wnAnEANREIiUAS LT IUINLAEAIuILITilva U sdaaTeRlasatieLuy

NAUADUYDITANADITUA NITUTTLINITNTEIANTENY NITAAATIEVIAUAIUNIUINDTES-WOR-T 3D

UsTaauueIfiInsodkuus n1sduasizimnsesiulasm nsduaszilaseiefiivyssquuy

aau wAlANTe0NuUUAmMTUMINTDI0NE- wuuiududuulassasagauvaty
Positive real and bounded real concepts; synthesis of two-element kind lumped

networks; scattering description; synthesis of RLC impedances; approximation methods for
lumped filters; synthesis of microwave filters; synthesis of switched-capacitor networks;

design techniques for active RC filters modeled on classical structures
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303542 nsiulusinsuliiuTzuunanas 3(2-2-5)

Real-Time System Programming

syuurhausuunaasadodu JAnssussUUMULUUIEUUNANTSS AuEdies a1y
niouiu MIlUTLATUNSBNAN N1T319MITIAWIINURVUNAIRTI F981958UUUURNTTINN 113
\Bousefugunsniansausuuuviuil nadidnw

Introduction to real-time systems; real-time system engineering; reliability;
concurrency and concurrent programming; real-time scheduling; examples in real-time

operating systems; interfacing with real-time hardware; case studies

303543 Blannseindniauas 3(3-0-6)
Opto-Electronics
misuardoudlilunisiauas nguiillvemiediadu dnvurauiinisedouiivesnduly
ViorAA wiaIr I TnRaUUAeY QﬂﬂiaimaﬁuLLaQLLuuaﬂiﬁaﬁaﬁw nsiiasandygasuniulu
srUURTIRdULAs MIUszyndvesLaaraTBiannsetindsing 4 enfilu sruudeasiu-dilneuas
Units and definitions used in the lisht measurement, wave guide theories, wave
propagation in a wave guide. Light sources; semiconductor sensors for light detection;
noises in the optotelectronic devices; light applications and electronic circuits e.g,

communication system via light wave

303544 BLannIelndrinisinme 3(2-2-5)

Biomedical Electronics

AadnuzanzYeIgUNIaTInTLALIAT B3 UM UNSUIME AuaNTRLAZTULUUNNG
ﬂa‘jmmam%mmLﬂ%q%’uifuazqﬂﬂiaiLqué’zgzyﬂm ansEnuYesasiihiifidenisTannsnisunme
FUYINTUNIULALATEANAIN N B VBINITUBUNGURUUUINKAZUUUAUTIU 9 FIve18LkasiIdin
Al Reulvneuvesdmyay o gunIalvenedyans Msulasdyanguinuuasduaanieay N3
Usgyndldnuuesimunuruindlidmnssudine: msfalumsiinmeilafinnud wigineuas
winsdiotn meitadelneldedudnsnnuigs mstasammslvavedafinuazedudssnuias 4n
SidnlysauauatesiuiTanm/ieiesiusiad

Specification of biomedical sensors and instrumentation; sensor/transducer characteristics and
mathematical models; effects of the conditioning circuit on biomedical measurement; noise and errors;
theory of positive and negative feedback around amplifier and frequency limits; signal preconditioning;
instrumentation ampilifier; A/D conversion; use of microcontrollers in Bioengineering. Instrumentation for
analysis of human blood; cardiology and instrumentation; ultrasonic diagnosis; ultrasound and blood

flow measurement; electrode and biosensors/chemosensors

303548 Witafirun1ediannsainduayssuvausanailed 1 3(3-0-6)
Special Topics in Electronics and Embedded Systems 1

e tasaseupguindeiiaulaludagiundidnnsetinduassyuvausanatlaidgn
donungaeuluwvusdidnnseinduazszuvauenatla
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This course covers topics of current interest in electronics and embedded systems

selected by the instructor in the area of electronics and embedded systems

303549 FvaRiAun19BidnnIeinduassyuualadnailes 2 3(3-0-6)
Special Topics in Electronics and Embedded Systems 2
Anwiideiiinaulanisdidnvsednduarsyuvaussnailssdauinnanunainuivinisnie

ToYAIINYAAIMNTTY
Study the interesting topics in electronics and embedded systems, which are taken

from publications and industrial information

303551 NguAIUANTLE T 3(3-0-6)

Fundamentals of control theory

mimuauiuﬂ%gﬁamuzLLaz@mamﬂ’aﬁugm n1sdaundudiuusaniug n138enUUURa
duneaniug n1sdoundurieen NSATUALLULLDARIEIS AINTDIATINIU NTATUANLUULDARLT
TymnsfasuuasUayyinisiandya s uniu N159eNkUUNISAIUANKUUUTIUS

State-space control with basic properties; state feedback; state observer design; output
feedback; linear quadratic regulator (LQR) control; Kalman filter; linear quadratic Gaussian (LQG)

control; tracking problem and disturbance rejection problem; integral control design

303552 nuinsmenzauiaaLaynsUszend 3(3-0-6)

Optimization Theory and Its Applications

fugrunguimamanvangauiian nsmanzaufigauesilsidunatsdauususaain
Foulvuagoleuludadu mamAnmngauiigaimemaiafivay nsUszendldnulussuuaiugy
wazN1sUTELIANAF YU

Fundamentals of optimization theory; multi-variable optimization with/without constraints;

optimization with special tenchniques; applications in signal processing and control system

303553 NMIAIUANATINRUUARULATBLAEIATIT B UTEEM 3(2-2-5)

Neural Network and Fuzzy Logic Control

Tnsaaiesne vadlasmneUsvamussiuguassruunsInuuunguaieTIanssUIuNS3ous
NMI0BNLUUAIAIUANKULAGUATE N1sUssendldnulunsiuunlamnmneg mieanudiassuuugy
09 MIAwILAIeY MITRemazmUANsEUUlBNdY l@hesnn seuumuaNwuulials-Hed lasseasn
mMaseuskaeniiweslusyuuiils-iled

Various structures of artificial neural networks and fuzzy logic systems as well as special
learning mechanisms; fuzzy controller design; applications to classification problems, binary
associative memories, self-organizing maps, and nonlinear system modeling and control; stability;

adaptive Neuro-Fuzzy control system, parameter and structure learning in Neuro-Fuzzy system
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303554 wwmuqmwummzamﬁqm 3(2-2-5)
Optimal Control Systems
mMsUszgndldaulusunsuiionainuazunagdaveansuusiusedamasaueuuuumny

flgn vdnn1sAgeanvesneuiioniu nquivessnifadu-aladuaznsuszend nseonuuusEUY

ﬂ’JU@iJLLUUWL’JﬁWLWﬂzﬁEj@ ﬂ’]i’e]@ﬂLLUUiBUUﬂ’JUF’]NLLUUEL%L%J@Lwaﬂmm’wﬁlz‘m N199BNLUUTEUU
mugudndunfinasisidsaes Bnsualuszuuauauwuuming fian

Applications of dynamic programming and the calculus of variations to optimal
control problems; Pontryagin  maximum principle, Hamilton-Jacobi theory and its
applications; time-optimal control system design; fuel-optimal control system design; linear

system design using quadratic criteria; computational methods in optimal control systems

303555 NMIAIUANLUUAINU 3(2-2-5)

Robust Control

ngudsruuidaudu wdesnmaisly wuusiaewesszuviiiaiullndueunauuiiil
Tassadauazuuuliiflasiadne msuvanduduuuuiavaiy nquidnsuersvumdn undeanaseid
VOULYA LEDHIAINLUUAIVULAZANTIOULLUUAINY NITIATIZILAZNITALATIZYN aUn193nNIA
NSAIVANLUULEARIDTT NTOBNHUUMIATUANKUY H, kAT He NITOBNKUUMIETS Ho quints

Linear system theory; internal stability; modeling of uncertain systems: unstructured
and structured uncertainties; linear fractional transformation (LFT); small gain theorem;
bounded real lemma; robust stability and robust performance; u analysis and synthesis;

Riccati equations; LQR control; H, and Hy, controller design; Hy, lOOp-shaping design

303561 n1sUsEIaNadyI 3(2-2-5)
Signal Processing
ANANTRLAZNTIMUNF Y IAESEUU MTIATIN TaamaesruUludiauandenud s
Uszananadayauaralowessuunaifiimion
Characterization and classification of signals and systems; signal and system analysis in time-

domain and frequency-domain; continuous-time signal processing by discrete-time system

303562 N5UTTUIARANN 3(2-2-5)

Image Processing

nguinmuazszuuidaduassiidluianaiuazanud nseduvey ﬂ’]ﬁLﬁmwuuﬂww N9
Uzanaulas NIy IUEAN nsasrenmalng msdusanm

The theory of image and two-dimensional linear system in time-domain and
frequency-domain; edge detection; image enhancement; image restoration and estimation;

image reconstruction; image compression
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303563 AaNinaTIviel 3(2-2-5)

Computer Vision

Yadeiugiuvesmenfinmesivia wadalunisanudilanmuasnisszaiananin
seAUge nsutsdinnm Tassaiadsduiug lassairamasuiads nsiadeulm n1sdug nns
YN SEUUNTUOUTIY

The fundamentals of computer vision; techniques for image understanding and high-
level image processing; image segmentation, geometric structures, relational structures,

motion, matching, inference, vision systems; object recognition

303564 N139BNLUUAINTDI 3(3-0-6)

Filter Design

15985 19090INTBIAINDR INATIANITDBNKUUAINTDIRINOR NOBANITUITUIUAT TTUULT
dusarldi@adunanhunde nsussandldaulussuumunuuaznisussinanadayayie

Digital filter structures; techniques of digital filter design; approximation theory;
design of linear and nonlinear discrete-time systems; applications in signal processing and

control system

303565 LuAANTRHNAuaE sEUUUEUA 3(2-2-5)

Mechatronics and Robotics Systems

mMsszitamanilaznisulasiidn uslusuduaznguosessiass  A3esiuiuas
LA309957979 Egilﬂiﬂi&é‘ﬂifliaﬁﬂﬁuazmﬁm mﬁﬂismamaf@aynmmmﬁaaﬁu N15USZUIUA"
Tuthwendulaes Sialudunaznisudaswuuieniug samansuuuludmiuasdoundu sammans
A5 Wa"’fmt,azmiﬂ’m?lm mamuQmmﬁﬁLthjﬁNLﬁu miﬂ’mﬂmwuﬂauﬂﬁu ﬁaﬂw@m%
#O NIINUHUNTLARDUTIYDUEUA

Kinematic analysis and coordinate transformation; forces, moments, and Euler’s
laws, sensors and actuators, electronic devices and measurements; some fundamentals in
image processing; trajectory interpolation and control; Rigid motion and homogeneous
transformations; forward and inverse kinematics; velocity kinematics; dynamics and control;

nonlinear trajectory control; feedback control; joint controller; motion planning

303566 LIvLan 3(3-0-6)
Wavelets
& < @ P 2 & \ a ¢ o ¢ <
wug'mmdl,am FAINTDIINEH NANISLUBININLE AL UUIY NNTIATIEULEENITIAATIZNRTZUUINLA B
msUseynaltaulussuumuniasmUssinanadayey ol
Fundamentals of Wavelets; Wavelet filters; discrete Wavelet transform; synthesis and analysis of

Wavelet systems; applications in signal processing and control system
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303567 naufimsiFouiiatesing 3(3-0-6)
Machine Learning Theory
yiavasmsFoudiatosing s uundadu lasmneussamifion fsuisiavmetusanaion
wiaileidu dnmesannnesuue@u nmefrdulawuuiulll maeudidwnuuiendy mswvsenyiaioe
wed maBoudiuulififaeu nsaadnuld manafivnzaigauuuidseesesiign
Types of machine learning; Linear Discriminants; Neural networks: Multi-layer perceptron and
radial basis functions; Support vector machines; Decision trees; Learning in probabilistic: Bayes’ classifier,

Unsupervised learning; Dimensionality reduction; Least-square optimization

303569 MITaMikAYNINTEUUAIUALLAENTUTEUIANA Y10 3(3-0-6)
Special Topics in Control System Engineering and Signal Processing
sedniaasevaguiteiitiaulaluthatumeiunguissuunuauaznisUssanana

foyayndagnideninangaeulunsudimnssuszuumuatLayTUsTANaRARa YA
This course covers topics of current interest in Control System Theory and Signal Processing

selected by the instructor in the area of Control System Engineering and Signal Processing

303571 deyanadagsruuBaiugy 1 3(3-0-6)

Stochastic Signals and Systems 1

fuUsdunazauunsiiugy fladdunisnssaieuazannuiuikivvesnuilazduluy
FIN9) ﬂszmumiajmqumﬁuamwﬂﬂmﬁ FYEIUTUNIURUUIIRABUUUE NMTAATIwd Y00yl
AMUVLILLILYDIMA NI Una sy Raneuauauduawazdruivessruunduiifidedyyio
dulagadunisuatwuupaadn

Random variables and stochastic processes; probability distribution and probability
density functions; stationary and nonstationary random processes; white and color noises;
analysis of random signals; power spectral density; time and frequency response of linear

systems to random signals using both classical transform

303572 dayay1auuazseuuLiaiugy 2 3(3-0-6)

Stochastic Signals and Systems 2

VUANINTINTUKAENTUIZINN NOURNSYITITEU FINTBATeUUET KALAINTINARILLUY
nanhiseidouasisannumileutugegn stuunaimuuuiilugunarenos aunseytusiuuiiugy
CAIGH] ﬂizmumilmﬁ—m%ﬂawLLUUﬁQLLazg‘ULLUU%TW@@WEN%UUW@%}LLUUL‘NuquJ

Detection and estimation theory, smoothing theory, Wiener filters, discrete-time
Kalman filters, and maximum likelihood method; continuous-time stochastic dynamical
systems: linear stochastic differential equations, stationary Gauss-Markov process and

modeling of stochastic dynamical systems
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303573 nuvesdulsthuasaznisdeansniauas 3(3-0-6)

Theory of Optical Fibers and Optical Communications

NSNS VRILAILA NanaUAURIUBIduNad ludulpsdaanUduinddaflyun  n1sunsves
uwas manszaevesadludulosin insamedunndiianlvun nmsiaaegludulodiias nsnszany
vosatasiuIvluduletiuas sieaduduinddufaluun n1sgadsainnisliase Usgdnsam
Tunsdsrnudygraludadluuatasdafaluun n1saulasuiiaswaznisnszanglussuuidule
gunsaiusnauiduletues

Ray propagation, and impulse response in step index multimode fibers; ray
propagation, dispersion and bandwidth of graded-index multimode fibers. Measurements of
optical fibers; light propagation and bandwidth in step-index single mode fibers; graded-
index single mode fibers; bending and microbending losses in fibers; launching efficiencies in
multimode and single mode fibers. Power budget and dispersion budget in fiber systems;

optical fiber components

303574 N1300NKUUTEULADES 3(2-2-5)

Communication System Design

WUIAANINATUNIBAIN ATATUIUNEATIAIUTZIINASIT Yy nazdayeyiad suniulu
syuudeans FaemluduiefiAetu dyaasuniu slawdu msuns nszaeiuussEInTe
gunsalineg Tu indessudynna meoinia msduuawing 9 Tussuu uas nsdifnwisngg

Physical concepts; carrier-to-noise ratio in communication systems; noise processes,
polarization topics, atmospheric propagation, receiver components, antennas, system

calculation, and case studies

303575 29aslulasin: nquiiazimailn 3(3-0-6)

Microwave Circuits: Theory and Techniques

oy Imuae lassiensuduazinugivesaivg nsiauazn1sldnuues
wmiwesiuunszdnnszats mssenuuugUnsalimnmnadndmiuIRILIvILINg AnaLTRves
dgrsuniudmivlaseiisnuuassteme auaudivasnisidanuvelalonuasnsudanes
Tulastan szuvlulasianges

Transmission line theory; the Smith Chart and matching networks; the measurement
and use of scattering parameters; passive component design for microstrip circuits; noise
properties of two-port networks; the characterization and use of microwave transistors and

diodes; microwave subsystems

303576 NSWNINTENLATUING 3(3-0-6)
Radio Wave Propagation
L a Ao = L a gy
angemAuuiiuEnlannidnvaieu MyagenAvLiuRlan NidnvugnsInay auy
Tugudedun MsgylagliguuilianInINARAYINTENINNIE NITUNINTENEATURY A3
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uwnsnszaneluduussenaleleluailes nmsunsnszaeedulilasouasrduiiaduns nsnszddeae
AU sumsnszaneasnsyidutuussenmelnslaies nmsunsnszaefinnudsmasedsann
Antennas located over a flat earth; antennas located over a spherical earth; the field
in the diffraction zone; midpath-obstacle diffraction loss; surface-wave propagation;
ionospheric propagation; microwave and millimeter-wave propagation; scattering by rain;

tropospheric scatter propagation; extremely low to very low frequency propagation

303577 3‘1/1EgLLU‘U%}QﬁQLLazﬂ’ﬁgaﬂ’lﬂ%’ﬁ’lﬂ 3(2-2-5)

Cellular Radio and Wireless Communications

swﬁammuﬂmi 3ZUU§BﬁﬂiLﬂ§BUﬁ Viéjﬂﬂ’]ii/l’]ﬂﬁ/]i]‘waLLﬁ%ﬂ’]i’eJ’e]ﬂLLU‘Ui%‘U‘U g@ﬁ’ﬁl%

ﬁ']EJVlllﬂ’NJJT\]EN ’i“LJLLUU‘\]']@’PN“[JENﬂ'ﬁﬂﬁ”‘\]’]EJLLa miawaumawamamm “UENﬁEUiU’]m']VlEJ ‘1/111
NSLNA ﬂ’]iﬂa’]LLau mmm‘waammmiuiuuuaami Lﬂﬁ@u‘l’l ﬂ?i%?@ﬂ’)@laL%‘UULLauﬂ’Nmﬂa’]ﬂ
Mmmawaﬁmam@mm mmgmimswaami 13?!’]8 LLU’Jﬂ(ﬂLﬂEJ’JﬂUﬂ’ﬁ N3N NAUNHTY

Modern communication systems; cellular mobile communication systems; theory
and design of high capacity wireless communications systems; radio propagation-loss model,
mobile fading channel; modulation and coding in mobile communication systems;

equalization and channel diversity; concepts of Spread Spectrum (SS) Communication

303578 mi%@m’i%UU@ﬂLaﬂ%uq\i 3(2-2-5)
Advanced Digital System Communications
qu‘wﬁmaaamwmmzmﬁLm’wﬂuiwuﬁami@uaﬁu mmamﬁ’ag@ﬂmiugmwu WA ey

mavheeulaetunuilissnasivsnzauiiae MssenLULLAE RTINS Sanamiadaaniy

i‘lJLL‘U‘UG]’NG]LLauLﬂ%@Q%JUﬁlﬁum’lmI@HI%} wiallrvasl3idyan mivwwelansunludeianaindiiv
msﬂmammmmmsﬂ sefeuislmed dwsuns Ussinadlasendeaaniasduiliu lﬂlﬂmﬂ‘wa@

N508NKUY ezl gvisvuudeansiildisnsnsyanenenud
Theory, design, and analysis of modem digital communication systems; representation of

signal in digital form and optimum non-uniform quantization; design and analysis of digital

modulation formats and receivers using signal space techniques; combining error correction
techniques with digital modulation; viterbi algorithm for maximum likelihood sequence estimation;

design and analysis of spread-spectrum communication systems

303580 NuaTAULNA 3(3-0-6)
Information Theory

dd&l

N3e 'emammmmammmwmazyzyﬂmium'uma mﬁmmmmm%’ayjmmz ﬂﬁiﬁﬂ%@mﬂﬁﬁhu
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SUNIU wqwgmaﬂmmmamw Lﬂa’mammama miawauammamwmim mmmwmm%awaam

dya AT EY SWaniinm aﬁmiaiumimamml,a LLﬁ’lﬁUﬁuamwmmmﬂmiﬁq SaLauil
Transmission of information over noisy channels; measures of information and transmission

channel capacity; use of codes to improve the reliability of such transmission; mathematical
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theory of information; transmission at rates above channel capacity; linear codes, error detecting

and correcting codes, Hamming codes

303581 vigudjusimaniuily 3(3-0-6)
Electromagnetic Theory
asuslwanh AU asmunaussnmesielin AR wesmms aumsadula
wawaae MaunInsreedukasinalsety masveulasmadeiudnitisuuunnee  nguiunuas
vidnmsuslwanlnih vievhedunas s madimmneguavaen viethrduuasnsaiidmademegisnas
Time-varying and time-harmonic electromagnetic fields; electrical properties of matter;
wave equation and its solutions; wave propagation and polarization; reflection and transmission;
auxiliary vector potentials; electromagnetic theorems and principles; rectangular cross-section

waveguides and cavities; circular cross-section wave guides and cavities

303582 sudeuiatulsznausunzdmsuimnssludh 3(3-0-6)
Finite Element Method for Electrical Engineering
Jaumideulvveun Jaymuivaniai sudeuisuusiu sefeudSarnimiindsunndng ns
Sseiniladin Mydeesiaedin mywssiandin Jamanazes Sulssneusumsuuunnees
Boundary value problem, electromagnetic problem, variational method, method of weighted
residuals, one-dimensional analysis, two-dimensional analysis, three-dimensional analysis, Eigenvalue

problem, vector finite element

303583 sy deuisidesavdmnsunamaniaii 3(2-2-5)
Numerical Methods in Electromagnetics
L2 1 < = ada o o v 1 I3 a aa 1 Y}
waﬂmimmauﬁmmmaﬂh\lﬂn i%L‘UEJU'Jﬁﬂ'ﬁﬂ’]U'JﬂJﬁ']WﬁULLlIL‘I/Tﬁﬂl‘l/\lﬁ’] ITLUYUITNAN WD UMY
suUeUITUUIAY Seleuiasnvinadiunnane seleuisdulsenaususy suileulnvoungdiug e
Principles of electromagnetic fields, computational methods in electromagnetics,
the finite difference method, variation method, method of weighted residuals, finite element

method, boundary element method

303584 nguNsAMAN1SUTEYNALTI 3(3-0-6)
Queuing Theory and Applications
FLUUYBIAEIU ﬂﬁzmumifcjuﬁﬁﬂﬁiymﬁﬂizmumi FZUUNSIAMLUULAA-AE TZUU
mMsRuuIaen stuun1sdnAafivangren1susnsThly msdiAseudy Anuddy
System of flows, some important random processes, birth-date queuing systems,

Markovian queuing systems, queuing systems with general serviced distribution, priority queuing
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303585 Mg w15 UTE 3(3-0-6)
Coding Theory
mﬂs’ﬁsﬁmﬁasziaasluﬂmﬁmmmmﬁaﬁasuaamﬁa'asﬁagaw'wuﬁﬁaadqﬁ’aumpmﬁﬁﬁ’agaunmumu

s ameivedinvessianie Wun swafifirsenansalumsnsaia uasudlfeRananarnmsds swadd

v aelnlaueu aneuhgtiea uarsiaild TumsasiaaeunsiiiunsAonmmsedinemans
Use of codes to improve the reliability of transmission over noisy channels; algebraic

structure of codes; includes error detecting and correcting codes; BCH codes, Reed Solomon

codes, and convolutional codes and codes for checking arithmetic operations

303586 Mgufa180INe 3(3-0-6)

Antenna Theory

mafmesugiuresaeinia Suiinfanisuindanu uasileidudndaan aeernmauuy
uain @1891nIALUUUIN BWIEIRU ASERATITTAEINIALazutaInLdafeIlos areend
99039% NITINAIYDINA

Fundamental parameters of antennas, radiation integrals and auxiliary potential
function, linear wire antennas, loop antennas, arrays, antenna synthesis and continuous

sources, smart antennas, antenna measurements

303589 Widefivaunaimnssulnihdeans 3(3-0-6)
Special Topics in Communication Engineering
vdeialamsimiAmnssiliiindeas SahmnanuemArmaieteyanngnamnu
Selected topics of current interest in communication engineering, which are taken from

publications and industrial information

303591 &3 1(0-2-1)
Seminar
° v & o a4 A Y a 4 A ° X 1
mﬁﬁmmLLazmLauwuwulﬁawﬁawmamqmmmmmaﬂﬂﬁq Immsmmwmuaﬁuuag
fupuaulavesidnlnerum iy uresenassiuinm
Report and oral presentations covering current topics in Electrical Engineering area; the

selected topics depend on students’ interests by the consent of his/her academic advisor

303592 szileuIITeInemansuazinalulad 3(3-0-6)
Research Methodology in Science and Technology
ALY anwadziazil e NTUIUNTITY Usennn1side msnvualeynmide 6
wUsHavauyRgu maﬁusamawﬁa;ﬂa %I Lmﬂzﬁsﬁauﬂa N BUlAT NUAZTIBNUNTIVE MsUTEEIY
i madwaddelUltuazassenussainids wellmsmITeemzmw e mass uazmelulas
Research definition, characteristic and goal; type and research process; research problem
determination; variables and hypothesis; data collection; data analysis; proposal and research report
writing; research evaluation; research application; ethics of researchers; and research techniques in science

and technology
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303593 INGIUNUS 1 Wl N LUU N2 3 NN
Thesis 1, Type A2
msrualuguteyaiie dashlugmafounanlmia msfrmunmadenianuifedesty
vdefawla asUiamsfuaiuazdavhmenuanuiminesidenalaruereeasdiivinm
Literature review in different data bases, which will generate new concepts, following research
works relating to the interested topics, summary report of the literature search and progress report of

the interested topics to present to the advisor

303594 INYIINUS 2 WKW N LU N2 3 e
Thesis 2, Type A2
msfiunmAde maaisesdrmslmimddmnssuliih mseAuneenudildsudielsiian
wiarlumsaeulassdineniinug Menuaslkaruiminemaiivenimuddoenasd iz
Conducting research, establishment of novel electrical engineering knowledge, discussion of
obtained knowledge to get ready for the thesis proposal defense, summary report of the thesis progress to

present to the advisor

303595 WNITNUS 3 KU A WUU N2 6 e
Thesis 3, Type A2
N5 dsuing1dnusatuanysal nsgeuinetnusiiukasdafiuiiduuianinendnug
LEAURARUMANNINYINY
Writing of complete thesis, passed thesis defense and published thesis book

submitted to the graduate school
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303583 Ll uTBideLaY 303583 suiyuTBieiuay Yiuniredalimduly

dmsuusimantaii (3-0) dwsuusdmantin 3(2-2-5) | snuuleuieunningae

303585 Mg N sdnsa 3(3-0) | 303585 vguin1sudnsita 3(3-0-6) | UsundreAaliiduly
ANUlEUIEIMNINe Sy

303586 Ngufjana1n e 3(3-0) | 303586 Nufareenie 3(3-0-6) | YsundreAaliiduly
ANUlEUIEUMN NGNS

303587 NMTATIZALATOBNKUUITZUULIANT 3(2-2) Anoan




n.1) M1319MsUSeuigulasIas v mangnsUTuUT w2551 uag W.A.2555 (o)

wangnsUTuUse w.a. 2551

angnsUTUUTe WA, 2555

aszlunsusuls

303588 NufnsiinAay 303584 NuinN1sAaY

WagusHaiyn wazusu

maUsgynAldany 3(3-0) naUsgyndldany 3(3-0-6) | wiseAnldlulymy
WgUgURINGae
303589 Witefiawmdimnssuluiindears 3(3-0) | 303589 Hideipiuma Ysundaednliduly
Jmnssuliihdoans 3(3-0-6) | auulguigunTinedy
ngndwus lidesndn 12 vdnein | Inerfinus 31U 12 wieia
303599 IMNYIANUS laitfpanin 12 whefin finoan
303593 e Tnus 1w nwuu N2 3 wedn | nseiv
303594 IMeTNUS 2 w0 wuu N2 3 medn | nseiv
303595 INETNUS 3 W N WUU N2 6 MeRn | nseIv
sreivrteau (ldtdunidaeiin) (3) | s1e3v1dedu (Lifuniaein) 4 | YSumiaeia
205500 Aw18INgudmMSUTEAUUSYY WM 3(3-0) finoan
303591 §usWN 100-2-1) | YSundredaldiduly
AUUIINY AL
303592 5u1d8UisIeMine1d1ans WasusHasiedvuay
uazmnalulad 3(3-0-6) | YSunuredalmiduly

AUNAINYGY

n.2) m1319N5WIgufguIIUReAnvewangnsUTUUTs W.A.2551 uag W.A.2555

. Tassadne Taseasng
LNET . . o
. o 2508 nangns wangns
ey A o o
o 7803 Ca Juun Uuugs
7 (Muenm)
W.A. 2551 W.A. 2555
BRU N WUU N2 | WHW A WUU N2 | WBHY N WUU N2
1| 9wseiv (Course work)  liltieanin 12 28 24
1.1.39%ugu - 7 3
1.2 3v1deAu - 9
1.3 3vLden laideanin - 12 12
glinus 12 12 12
e deruldtuniiein - 3 a
wheRnsiusaeavdngns lideenia 36 40 36

n.3) A519N5UAEULUAIISHELAE DU I8N

nangnsuTuUse WA, 2551

aNgnsUTUUSe W.A. 2555

303504 adlnmansdmiun1sUssIanadyyIanas 3(3-0) 303501 adlnmansdmiun1sUssinanadygia 3(3-0-6)
303525 gunsalansnadatmalniindas 3(3-0) 303513 ¥UUNTHUAIKUNG 91U 3(3-0-6)
303571 N15O9NKUUTEUUERENT 1 3(2-2) 303574 N1599NKUUITZUUFDENT 3(2-2-5)




n.4) AN519NSUATULUAISRATDITNEIU

wangasusulse w.A. 2551 nangnsuTuUse wa. 2555
303513 weipsnmnasnainuosszuuliingag 3(3-0) | 303518 w@desnnuaznaInvesszuuluiias 3(3-0-6)
303518 wiAluladlnihusagedugs 3(3-0) | 303516 wielulaBlyiihussgetugs 3(3-0-6)
303519 welulaBndanudugs 3(3-0) | 303521 wieluladndesudugs 3(3-0-6)
303521 nquiiaiesdnsnaluih 3(3-0) | 303512 nguieiesdnnaluih 3(3-0-6)
303535 Mspenuuusruuiildlalaslseawes 3(2-2) | 303531 mspenuuusruuildlalasluseaes 3(2-2-5)
303536 miaamwmwsaﬁﬂwsaﬁﬂésﬂzuga 3(2-2) | 303532 ﬂ’]‘JE]E]ﬂLLUUN%@LéﬂVliaﬁﬂﬁ‘ﬁUQﬁ 3(2-2-5)
303538 miaammuuazﬁamiwﬂﬂmhm‘?uqq 3(2-2) | 303541 mﬁaammuLLazﬁammw‘Iﬂsaﬂha%ugq 3(2-2-5)
303545 Biannsedndniauas 3(3-0) | 303543 Sannsedndniauas 3(3-0-6)
303546 Wallan1sannaudygIusunIy 3(2-2) | 303533 wallAn1sannaudygusuniu 3(2-2-5)
303556 deye)10uuarseUudLiiugy 1 3(3-0) | 303571 dyarauuasssuudaiugy 1 3(3-0-6)
303557 dgysyiniuassruuidaiiugu 2 3(3-0) | 303572 dyaauuasssuulaiiugy 2 3(3-0-6)
303559 NMIAIVANATINHUUARNIATEMAZIATINIBYUSYA™ 3(2-2) | 303553 N3AIVANATINRUUAGNIATOUAZATIEUSEAM
3(2-2-5)
303580 InguuUTshauarnsioanslsany 3(2-2) | 303577 Inguuuisiauasnisdeansliane 3(2-2-5)
303584 Viquiansaume 3(3-0) | 303580 Mgujansaune 3(3-0-6)
303588 nufnsiinduaznisuszendldau 3(3-0) | 303584 ngufnisiinAuaznisussendldau 3(3-0-6)
303594 sziluUis I aInemansiazimalulad 3(3-0) | 303592 szilpuiniemaiemansuazmalulad  3(3-0-6)
n.5) 11519191 UAB UL TRV 99187 Y
nangnsuTuUse w.e. 2551 nangnsUTUUSe .. 2555
303524 n1sAuANLazIaesgULuugUnsalnaauiaTinih 303524 MTIATIERAMAN BULYRIIRUAIRUAEINTTILAN TS
3(3-0) 3(3-0-6)
303548 ThdefAsnimnsudiannsadnd 3(3-0) | 303548 WdefirwnsBiannsednduay
FTUUALDINARAAD 1 3(3-0-6)
303551 N6 suudndu 3(3-0) | 303551 niquijeaunuitugu 3(3-0-6)
303554 STUUAMUANLUUIMINZALTIAN 3(3-0) | 303554 sTUUMUANLUUIINEALTIAN 3(2-2-5)
303555 NMIAIUANLUUAINIY 3(3-0) | 303555 NMIAIUANLUUAINU 3(2-2-5)
303561 nN1sUszananadyIuleauLay 303561 nsUszananadyeyu 3(2-2-5)
N150NKUUAINTDIF YR 3(2-2)
303562 MsUszananadyaunmiazaoNiunesivial  3(2-2) | 303562 NsUTENIANANTW 3(2-2-5)
303563 N153auarNsUTEIIaNAT L IMHY 3(2-2) | 303563 AeufmesIviAl 3(2-2-5)
303564 miﬂiaaé’iytymuwLamlﬁwmaﬁmmzauﬁqm 3(3-0) | 303564 N1300NLUUFINTOS 3(3-0-6)
303565 Anmsetng 3(2-2) | 303565 wAnmsetinduayseuuiugun 3(2-2-5)
303569 YTelAYNINIAINTIUTEUAIUANUAY 303569 ¥TaillAYNINTFUUATUALLAY
nsUszunanadmyy 3(3-0) sUszIaNady 3(3-0-6)




-10-

n.6) A1519015As UL UasmMuILrgAnvessedv i dulumuuleuisurinende

nangnsuTuUse w.A. 2551

nangnsuTuUse .. 2555

303502 Agaransdmiun1susea 3(3-0) | 303502 aglamansdmiunisuseana 3(3-0-6)
303503 AdnA1ansliigadu 3(3-0) | 303503 adinenanslaigadu 3(3-0-6)
303504 adlnAansamsunIsUsTINaNadaganTaa  3(3-0) | 303501 AdnmansdnsunisUsyaanadeynu 3(3-0-6)
303511 nsUfuAnisuazmuauszuulniinmgs 3(2-2) | 303511 msuuinmsuazmuauszuuliihig 3(2-2-5)
303513 Lafisnimuaznainvosszuulnihmga 3(3-0) | 303518 w@lesn nuaznainvosszuulnihiig 3(3-0-6)
303514 nMsdansuazanusuiavesassayllaanialihings 303514 nMsdansuazanusuiavesassaulaanialiings
3(3-0) 3(3-0-6)
303515 MamAnzanignuaznsUszgnaluliingds 303515 mamAngasignuaznsUszgnaluliingids
3(2-2) 3(2-2-5)
303517 NM9I9LNULasATYgAansn1aliih 3(3-0) | 303517 MsvaunuuaziAsgamanivnglnii 3(3-0-6)
303518 wiAlulaglnfhusagedugs 3(3-0) | 303516 wieluladlnihussgetugs 3(3-0-6)
303519 ielulaBndanudugs 3(3-0) | 303521 wialuladwdsaudugs 3(3-0-6)
303521 nquiinzesinsnalilih 3(3-0) | 303512 niquijiA3esdnanaluih 3(3-0-6)
303522 mssenuuUIATasinsnaliih 3(2-2) | 303522 mseenuuuLAdosdnanallin 3(2-2-5)
303524 n1smuAsLazIapsgULuugUnsaindasiufdliih 303524 MTIATIRAMAN vUrvRIIRUARUAMAINTTILAN TS
3(3-0) 3(3-0-6)
303525 gunsalansniafaimsliiinigs 3(3-0) | 303513 sruumshuasiundsanu 3(3-0-6)
303528 WteiiAuaimnssulnimea 3(3-0) | 303528 Wifefirumairmnssuliinmas 3(3-0-6)
303535 nseenuuusruuiililulaslusieases 3(2-2) | 303531 nMseenuuusruuildlulaslusieases 3(2-2-5)
303536 ﬂwsaaﬂuninn%i%Lﬁﬂm%@ﬁﬂé%ﬁqa 3(2-2) | 303532 ﬂwsaaﬂuninn%i%Lﬁﬂm%@ﬁﬂé%ﬁqa 3(2-2-5)
303538 n1speNuUUkArduAT AT BT 3(2-2) | 303541 nspenuUUkArduAT AT BT 3(2-2-5)
303540 MIPONLUIITVBRALIsIdamwags  3(2-2) | 303590 MI0RNLULIITUEERALIRsLEnn g 3(3-0-6)
303544 Bidnvsaiindnianisunng 3(3-0) | 303544 BidnwselindTansunmg 3(2-2-5)
303545 Bidnvisalndvauas 3(3-0) | 303543 Biannsadndnisuas 3(3-0-6)
303546 WALANTAAVDUFYYINTUNIY 3(2-2) | 303533 windAnsannaudaansuniu 3(2-2-5)
303548 WideiAwnsinsudidnvselind 3(3-0) | 303548 Witefirunnsdiannselinduaysyuvanonatlaii 1
3(3-0-6)
303551 N9 sUuLdadu 3(3-0) | 303551 nguimueuitugu 3(3-0-6)
303550 STUUAMUANLUUIMINZALTIAN 3(3-0) | 303554 SEUUMUALLUUMINEALTIAR 3(2-2-5)
303555 NMIAIUANLUUAINY 3(3-0) | 303555 NMTAIUANKUUAINY 3(2-2-5)
303556 dysyininassvuuigaiiugy 1 3(3-0) | 303571 dyayrsusarssuudaiiugy 1 3(3-0-6)
303557 dysyiainagsyuuldaiugy 2 3(3-0) | 303572 dyayrauuazsruuiBaiiudy 2 3(3-0-6)
303559 NM3AIVANATINHUUARNIATOMRAZIATINIBUSYAM 3(2-2) | 303553 N1SATUANATINLUUAANLATOLAYIATIUEUSEAM
3(2-2-5)
303561 NM3UsEAIANAANMTHATLALNTODNHUUAINTDT 303561 NMsUszananadayyIn 3(2-2-5)
doyeua 3(2-2)

303562 MsUszaanada U MLazABLTARSIVIAY  3(2-2) | 303562 N15UTEUIANANN 3(2-2-5)
303563 N353 uarN1sUTEIIaNAd L IMHYS 3(2-2) | 303563 Aauiimasivial 3(2-2-5)
303564 MInsesdyIaLUUna LAz auTign 3(3-0) | 303564 MIoonUUUFINTes 3(3-0-6)
303565 Lupnmseiing 3(2-2) | 303565 waAmselinduazsruuiueus 3(2-2-5)
303569 MUeiiAYNNIAINTINTFUAUALLAENITUTELNAKS 303569 MUefilAuNeTEUUAIUANLAEN1TUTELIANAAEY T 10
doyaa 3(3-0) 3(3-0-6)
303573 nuivesduletuasuaznisdoasmauas 3(3-0) | 303573 nquivendulsthuasuaznisdeasvmanas  3(3-0-6)
303575 washulasian: nqufjuazvatna 3(3-0) | 303575 washilasin: ngufuazvatia 3(3-0-6)




-11-

n.6) A1519n15as UL UassmuILnsAnvassedv idulumuuleuisurninends (se)

wangasusulse w.A. 2551

nangnsuTuUse W, 2555

303576 mmwsmwmaﬂamwa 3(3-0) | 303576 m’iLLWSﬂS“‘mEJﬂEiUWIEJ 3(3-0-6)
303578 miaamiivwmmwum 3(2-2) | 303578 miaamssvwmmwum 3(2-2-5)
303580 'mqu:u*usqmuazmsﬁaaﬁliaw 3(2-2) | 303577 WIqLmusqmuazmiaam{bmEJ 3(2-2-5)
303581 gufusianii 3(3-0) | 303581 nguijusmaniniln 3(3-0-6)

303582 setduuisiusyneudunydmsuiangsulninzG-o)

303582 suLiguisaulsenaudungdmiuimnssuludi

3(3-0-6)
303583 seideudBi@eiavdmiundwaniin 3(3-0) | 303583 suileuitidediavdwsundimaniuii 3(2-2-5)
303584 Viguiansauwme 3(3-0) | 303580 nguiansaune 3(3-0-6)
303585 nqufnsiinsa 3(3-0) | 303585 Nguinsinsiia 3(3-0-6)
303586 NIguiaga1nie 3(3-0) | 303586 ngufa1ge1nia 3(3-0-6)
303588 nufnsiinduaznisuszendldau 3(3-0) | 303584 NguimsidnAkasn1sUsvendlganu 3(3-0-6)
303589 Widefiawmaimnssulwideans 3(3-0) | 303589 sdefimundmnssuliihdeans 3(3-0-6)
303591 U 1(0-3) | 303591 duwwn 1(0-2-1)
303594 szifouisidemainemansiazmalulad  3(3-0) | 303592 szideuitidemsinereaniuazinalulad  3(3-0-6)




-12 -

n.7) MINNMSUTBUNBUUNUNTTUTRMANERTUTUUTI W.A.2551 WAy W.A.2555

nangnsuFulge w.e. 2551

nangnsuFuuge w.e. 2555

7 1
AANSANENAY

205500 Nw18IngudmsUsEIUUTYQIWN 3(3-0)

(laitunihein)
303502 AEAAERTAIMSUNITUSELNM 3(3-0) #30
303503 AdlAA1ERNT ITLEY 3(3-0) %50
303504 ALinAERTENSU

sUTEINaNadYIUTIAY 3(3-0)
303594 s8108U53MINGAEns

wazinalulad 3(3-0)
303xxx AP UDNTIAY 3(x-x)
303xxx 3V UDNTIAY 3(x-x)

593 12 wiaena

JUUN 1
=
nAnsAneIvane
303591 duuwN 1(0-3)
303xxx 3 anUaAU 3(x-x)
00X IV BNLEBN 3(x-x)
X0 IV BNLEBN 3(x-x)
XXX Y WDALEDA 3(x-x)
599 13 %u28ne
PUUN 2
= v
AANISANWIAY
303599 INeUNUS 6 Qe
XXXXXX Y WDNLEDA 3(x-X)
599 9 w2ene
JUUN 2
=
nAnsAnyIvane

6 VUIAN
593 6 wBnA

303599 INYNUNUS

Ul 1
= v
aAMsAnediu

303502 ANAAIERSEINSUNTUTEN0

303503 ADIAAIERS LT

303501 ANAAERTEINSU
nsUszuaNadYYIa

303592 50U I9eMINeA@ns
waginalulad

303xxx IVIUIAY

303xxx IVIUIAY

5934 9 wiBnA

T 1
namsanwUane
303591 duaun
303xxx IVIUIAY
XXXXXX IUADN
XXXXXX IUWADN
XXXXXX IUADN
303593 NYIINUS 1 UKW A WUU N2

593 15 wU28hn

FUUN 2
= k%
ANANISANYIAL
303594 INYNUNUS 2 WHY N UU N2
XXX Y WADA

593 6 WU2BAA

FUUN 2
=
n1ANsAnwIvane
303595 INYINUS 3 WHU N LUU N2

593 6 Wwenn

3(3-0-6) %30
3(3-0-6) 50

3(3-0-6)

3(3-0-6)
3(x-X-X)

3(x-x-x)

1(0-2-1)
3(x-x-x)
3(X-X-X)
3(X-X-X)
3(x-x-x)

3 Mg

3 KIAn

3(x-x-X)

6 WYhn
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n.8) NSNSIETIEINUALAATETI8IN
n.8.1) Wusgdulunanansuiuuse we. 2555 9w 11 91839 Al

3187391 FIUIUNUIAA

303519 Aaun bl 3(3-0-6)
303542 Mseulusunsuliiusyuunaass 3(2-2-5)
303549 WdpfliAunadidnnsetinduaz seuvanasnailed 2 3(3-0-6)
303523 Amnssuszuulnlalianidn 3(3-0-6)
303552 NuiNIMANINgaNTignLATN1TUTEENA 3(3-0-6)
303566 LINLAR 3(3-0-6)
303567 nquiimsiseuiaiesing 3(3-0-6)
303574 N150DNKUUTTUUADES 3(2-2-5)
303593 MgINWUS 1 WNU N WUU N2 3

303594 INIANUS 2 UNU N LUU N2 3

303595 INEINWUS 3 WNU N WU N2 6

n.8.2) finsedylundnansuiuuse wa. 2551 319w 31 598390 diaill

5187391 uunenn
205500 A1w8IngeamsussAuUTyn 3(3-0)
303512 n1sdsdneradluii 3(3-0)
303516 Mywnseiszuuliihiawneneuiiunes 3(2-2)
303520 MsynsyuusuBiannseiindids 3(3-0)
303523 N1sduATIEikazAIUANUNTalnAauLUUaNILIE 3(3-0)
303526 iAdiAmsuUasiufdsnihdugs 3(3-0)
303527 FLUUNSIUNAUNY 3(3-0)
303531 NMseoNUULINATTITNATTUGY 3(2-2)
303532 N1500NUULIATTIRULUTUEY 3(2-2)
303533 nsliAs1eilasstnedugs 3(3-0)
303534 wialulaBuaznisoonuuuisasruaNLiing 3(2-2)
303537 199530msliidadu 3(3-0)
303539 MyBATEiLasdunseiiLeaiedle 3(3-0)
303541 gunsalansniagath 3(2-2)
303542 M3venuuuBidnvselinduuini 3(2-2)
303543 nuuazn1seanwuuinadengy 3(2-2)
303547 N19DBNKUUIATNTDITUGY 3(2-2)
303550 Mslaseiantula 3(3-0)
303552 5¥UUAIUANVAIERILUT 3(3-0)
303553 nuimsmavsnzauiign 3(2-2)
303558 sruuAIUANLUUTNTayafingie 3(3-0)
303560 szuuliiBaduuaznismuauuuulusuele 3(3-0)
303566 MHNN13VDITEUULEUALAL DBl 3(2-2)
303567 Vusudlndouiisanies 3(2-2)
303568 WiATAM ANz aufigauazn1TUsEend 3(3-0)
303572 MIOONUUUTTUVABANS 2 3(2-2)
303574 mia%mmmﬁamLLazmiﬁTwaaﬁu’uqa 3(2-2)
303577 szuunsdeansidsdidnnsetind 3(3-0)
303579 nM3dnaesguLuuLazMsUsEINMAUARTY 3(3-0)
303587 NTIATIENUAZBONKUUTEUULIATS 3(2-2)

303599 Ineninus laidaanin 12
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n.9) NMMUALULUAIlAENNTLENLBAN 18731

nangnsuTuUse w.A. 2551

nangnsuTuUe .. 2555

303548 WideiAvneinsudidnvseling 3(3-0)
Special Topics in Electronics Engineering
einiagasevaquindeiiiiaulalutiagtunisiu

Imnssudidnnsedind Fsgnidensnaindaeulunvusdanssy

Sidnnsolind

This course covers topics of current interest in

Electronics Engineering selected by the instructor in the

area of Electronics Engineering.

303548 WideRimunadidnnseinduay

JPUVANDINARIAT 1 3(3-0-6)
Special Topics in Electronics and

Embedded Systems 1
sednriiazasovaquitadeiivnaulaludiagdunis

=

Adinnsedinduazszuvausinatlaiy  Fagnidenunaingaeulu
wynsddnmsednduazszuvansnailein

This course covers topics of current interest in
electronics and embedded systems selected by the
instructor in the area of electronics and embedded

systems.

303549 Hidefiirvmadidnnseinduay
TZUVANDINARNAD 2 3(3-0-6)
Special Topics in Electronics and
Embedded Systems 2
Anwhdeiiviaulanedidnnsednduazsyuvauena

Hashdanhmnanunenuinnsviedeyaangnamngsa
Study the interesting topics in electronics and

embedded systems, which are taken from publications and

industrial information.

303562 M3UszInaNadya N LaTADNRILATIVIFY
3(2-2)

Image Processing and Computer Vision

sguuBaduansda fansesduiadounsuuvandia
AaauvRvesamfunule n1sialdfundiguesnin nns
Lﬁ'mmumw AMTIAAULAZANTWUAIIDINN NITATINVIRALATS
Usvanaain nsadreamdulng nstudanin szuu
UTENIANANIN NTRBNLUUAMNTBUTIQUINULUUAD IR

Two-dimensional linear systems; two-dimensional
finite impulse (FIR) filter; properties of digital images; image
digitization; image enhancement; image restoration and
conversion;

image detection and estimation; image

reconstruction; image compression; image processing

systems; two-dimensional analog filter design.

303562 N15UsEUIRHANN 3(2-2-5)
Image Processing
ngufnmuarsruuidaduaesdiludanaiwazainud

A3299UVBU ﬂ'ﬁLﬁIQJZ‘!Uﬂ’WW msﬂszmmuazmsgmzmw n19

a¥ranmidulml pstudaam

The theory of image and two-dimensional linear
system in  time-domain  and frequency-domain; edge
detection; image enhancement; image restoration and

estimation; image reconstruction; image compression.

303563 AouURILADSIVIAU 3(2-2-5)

Computer Vision

Haduitugruvesneufinme v meadalunshany
WrlananuagnsussulananInszAugs nsuusdiunm
Tassaadaduiud Tnssadramasviagin n1sindeulm nns
Fug NIOYNIU TTUUNMSHOUTY

The fundamentals of computer vision; techniques
for image understanding and high-level image processing;
image segmentation, geometric structures, relational
structures, motion, matching, inference, vision systems;

object recognition.
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n.9) NMAgULUadlngNISLENLBINII83T (51D)

nangnsuTuUse w.A. 2551

nangnsuTuUe .. 2555

303599 Ineinus laidosnin 12 wihefe
Thesis
lassnuAuainidudasznnglanisaiunuguares

o191387U3ne iileduatmanuiluiisiunguinients

naaes Tnefuluridefiiuwianudslviuazaunsailly

Usglovtiasvengasdanuiniainimnssalih
A research project under supervision of his/her

academic advisor in order to gain both theoretical and

experimental knowledge. Such a project should focus on
originality and aim toward innovative and useful results in

the Electrical Engineering area.

303593 e UNWUS 1 WU N WUU N2 3 Mihein

Thesis 1, Type A2

nsfuailugiudeyasiieg daazilugnisifauuiin
Tl Msfianuanuidedifimnufedetuideriauls agna
nmsfunfuazdaissnuauiniveshdefiaulaauede
sETivInw

Literature review in different data bases, which will
generate new concepts, following research works relating
to the interested topics, summary report of the literature
search and progress report of the interested topics to

present to the advisor.

303594 IMTWUS 2 WHY N LUY N2 3 wehn

Thesis 2, Type A2

n1sandueuide nisafrsesdniiuilninig
Fennssullaiih mseAuseanuFildsuitelitanumienlunis
aoulAsesainendnus s1e9uagUnanNiIvinreInisvin
Ingninusreaanssfivinm

Conducting research, establishment of novel
electrical engineering knowledge, discussion of obtained
knowledge to get ready for the thesis proposal defense,
summary report of the thesis progress to present to the

advisor.

303595 INUWUS 3 WU N BUY N2 6 Mehn

Thesis 3, Type A2

nsWeuineninusatuanysel n1saeuIne1inusHIy
wardafiuiluguidiineinusiauesevudinine de

Writing of complete thesis, passed thesis defense
and published thesis book submitted to the graduate

school.
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303511 nsufuAnmsuazauauszuulimds  3(2-2)
Power System Operation and Control
ALz UdTNI9ILATIRLAZ 00 NLUUTE U
dwfuangund annazdag uarangnain nsUszaia
401U NTIATITINITANIIDS ﬂ'ﬁﬂ’)Uﬂ]iJﬂ’J']ﬂJﬁ‘U@\ﬂ%aﬂ n19
AIUANNTSHANSRIUTR n1siaseiluanlnad n1sdiseuy
aonfiamesulilunisuaninanazdeans ndeufunisvmaaes
Weulusinsupsuiameslaznsinaeinsdlineinige
Development of methods to analyze and design
of systems for steady state, transient, and dynamic
conditions; state estimation, contingency analysis, load-
frequency control, and automatic generation control; load
flow analysis; computer-aided systems monitoring and
communication; computer laboratory session on use of

application software and sample study

303516 Mswaszszuulninidemeneuiames 3(2-2)
Computer-Aided Power System Analysis
wuuaesdmsuesAusenavesssuulniidds nns

Insgmuaninal nmsiasizvszuuliinidauunssuansey/

AssuEdayU anwaen1slgulUSUATUADNAILADS NITIATIEH

A58A99T NMTIATIEMETESAIN NsUsTINiLUsaaugly

syuulninings nSeudunisneasadaulusunsunouiiames

dmfunisuszgndluszuulniiidwaznisiiasansaddne

§199)

Modeling of power system components; load flow
AC/DC
short circuit analysis;

analysis;  analysis  of systems;  computer

stability
analysis; state estimation in power system; computer

programming  aspects;

laboratory sessions on use of application software and

sample study.

303511 nsufuRnisuazauauszuulnihids  3(2-2-5)
Power System Operation and Control
wuuassEmiussrUszneuresssuu W& azng

IAszilnanlnalvedTruuNTTUERAU/NTLULARTS NITHRIUN

s2ilEUIsNTIAT XA NLUUTTUUAMTUAN1IZUNR a0y

ﬁT"mg' wagan1IEwade N1sUTTNIUEDIUE NITILATITRNIS

&nn9as MIruauANEivedivan N13AIUANNITHARSATUSTR

myeszilvaninad nsihszuureuiwesuldlunsuansua

wardeas wioufunismeaesadeulusunsunouiunesuaznis

F1a0InIAfnYIAeY
Modeling of power system components and load

flow analysis of AC/DC systems, development of methods

to analyze and design of systems for steady state, transient,
and dynamic conditions; state estimation, contingency
analysis, load-frequency control, and automatic generation
control; load flow analysis;

computer-aided systems

monitoring and communication; computer laboratory

session on use of application software and sample study
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303512 nsdsdneradludin 3(3-0) 303514 N1sdnsiarausufavesassyUlag
Ml 3(3-0-6)
Transmission and Distribution Electrical Power Organization and Finance of a Power Utility
Anudeansldidalndi nmsdwunguslaa gunsal wlsvisuaringuszasAvasarsisyulaanisluiliig

Yesunszuaiiuuarnsvinusinduvesgunsel Audens | n1susulasasisvesianisiai (vena sukuulassairauas
wagn1sAIUANAMNNYBsIaalih aandeiievesszuuns | veutievesnisusulasiasna) nsudsguAanisiuii anuaunse
denemaslaliln nseenuUULarLENIEUIUNSEEIe svuy | Tunisednvesianisind aaialiih nsdanisuasdeyamelngd
AeasAuLazAUUaaA BYBITEUUNTANIY N5amULaENITIN MITMUNEUILaa dnsrAnlndn dedinnig
Power supply requirements; customer classification; Fandey
over-current protection devices and their coordination; Policy and objectives of a power utility; electricity
power quality requirements and their control; reliability of | sector restructuring - rationale, models and frameworks;
distribution systems; planning and design consideration of | electricity sector privatization; electricity sector productivity;
distribution system; grounding and safety of distribution | electricity market; management and account information;
systems. investment and finance; customer classification; electricity|
tariff; environmental constraints
303514 Msdan1swavausufiavesas1syUlan
sl 3(3-0)
Organization and Finance of a Power Utility
weweuayingUszasAvesassyulaanalihigs
melddsuandendiimun nmsdanisuazdoyaniadayd ans
amuua:msﬁu oRI1NNE L‘EIBUISUVI’NE?QLL’JW%BM NINANLLAY
MsUTEIFUNUS
Policy and objectives of a power utility under a
given environment; management and account information;

investment and finance; tariff; environmental constraints;

marketing and public relations.
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303519 ialulaBndanudugs 3(3-0)
Advanced Energy Technology
waluladsyuuaendsnulnin fAentw wiamdeauy

nslindsnunazuansznudedanden nénnsiuguuaz

ATTUIUNITHUBINA 19U UszEnTainuesnisulainasanu

walwladszuulnihanua wissdnsnaluiiauva n1s

Wauwenaiosiuiialniiianins laseadisnsideusefussuy

vo4n15 1Y sslnfuagnisaiuay
Electrical power supply technology: capabilities,

energy resources, energy consumption, environmental
impact; conversion: fundamentals,

energy physical

processes, and efficiencies; three-phase AC drives
technology: three-phase machines, operating performance
of synchronous generator; electrical grid connection:

configuration, power plants, and controls.

303527 SEUUNSRIUNALNY 3(3-0)

Alternative Energy Systems

garunsaindaulan wasnulniianuaandeay
NALNULALA WEIULEIRITRS WaIUAL Funa WaNUAL
Sounnldfiufnnuasndsuanumanns Snvazianizves
Asuwlamdsnulaenss nmsulamdsnumednsnalviuay
gunsaiifvazaumdsnuililuszuundsnunauny msideuse

FUUNSIUNALNU A USTUUTR IS N2
Global

alternative energy sources including solar, wind, hydro,

energy situation; electric energy from
biomass, geothermal and ocean; characteristics of direct
conversion, electromechanical conversion, and storage
devices used in alternative energy systems; power system
issues associated with integration of small scale energy

sources into the electricity grid.

303521 ialulaBndsnudugs 3(3-0-6)
Advanced Energy Technology
maluladszuudrendanuluin dneniw uiamdenuy

\Fendnleadauarndsaunauny mslinginy  nansymuse

Awandou wﬁﬂmiﬁug’]uua:ﬂismumiLLimeé'amu

Uszandnmwesnisuvamdsnu waluladlaswsyuuluiran

wa w3esdnsnalilihauna nsianuvesadestilaluia

215 gunsaiiivazaumdsnuililuszuundsnunauny n1s

\Fousialssliifing Auszuuliiiuagnsnue
Electrical power supply technology: capabilities,

energy resources, fossil and renewable energy, energy

consumption, environmental impact; energy conversion:
physical fundamentals, processes, and efficiencies; three-
phase AC drives technology: three-phase machines,
operating performance of synchronous generator; storage
devices used in alternative energy systems; electrical grid

connection and controls between power plants and power.
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303550 SEUUAUANLUUVINZALTIAN 3(3-0)
Optimal Control Systems
msUszgndlinuvestsunsusianainuasunagdaves

nsuUsiudedgminisauguuuumIzauiign udnnis

AIGIEAYRINDUTIENAULAEN1TUTZENA N1TBONUUUNITAIUAN

KUULDAAIB1T miﬂ’mﬂmmﬁmmxauﬁqm miﬂ’mﬂuﬁ

winzauiigaluniasdgmnagisnisiuanluszuuaiuaui

mmxauﬁqm
Application of dynamic programming and the
calculus of variations to optimal control problems.

Pontryagins maximum principle and its applications; linear

quadratic regulator (LQR) design; time-optimal control;

singular  control; control  and

specific  optimal

computational methods in optimal control systems.

303560 sruuliidaduuaznmsaivauuuulsuiiedd  3(3-0)
Nonlinear System and Adaptive Control
sruuatuANkuUliisdy nMleseidiudsaniuy

wazsyuumla  Bvesmsibidudadunuuailudn feidu

Us3818 wafesnnluguseseuieyuen llusnmwuuanysal

wasladesnmuuudyaaduazdygimesn Heulvvedly

ol anuditugiuveasmadnidseyius nsvilddudadu

wuutoundu nquinisarvauldiladusuuisviadia s

ponuuuiImuANLUUlITAEY 1sUsTINAATINTITWNeSwUY

1A193Y fMRuALuUUURILeY ssuulsudaldendunisinaes

JULUUB14BY MSAINUATATIVEIAIUAITIT LafeTAINT4

sruuUiuseslduagnseenuuuinuauiuuieiiosiiuud

lodlsognatosnm

Nonlinear control systems; state space and phase
plane analyses; method of harmonic linearization;
describing functions; stability in the sense of Lyapunov,
stability, input-output stability; Popov
of differential feedback

linearization; geometric nonlinear control theory; nonlinear

absolute and

criteria;  basics geometry;
controller designs; real-time parameter estimation; self-
turning regulators; model-reference adaptive systems; gain
scheduling; stability of adaptive systems and design of

stable adaptive controllers.

303550 SEUUAMUANLUUIVINZANTIAN 3(2-2-5)
Optimal Control Systems
msUsggndldanulusunsuslanainuasunagdavesnis
wdsfudetyminisauauiuumIETign vdnnsagegnves
wauie1iu noufvesensiadu-aladuaznisuseynd n1s
aammmwumuguLLUU“L%’L’Jmmmxﬁqm AN98BNLUUITUY
muqmmﬁlﬁi’?vﬁal,waqmmsﬁqm N1590NLUUTEUUAIUANTIEY
fifinausirndsaes Bmsdualussuumusuuuumnedign
Applications of dynamic programming and the
calculus of variations to optimal control problems;
Pontryagin maximum principle, Hamilton-Jacobi theory and
its applications; time-optimal control system design; fuel-
optimal control system design; linear system design using
quadratic  criteria; methods

computational in  optimal

control systems
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303555 NSAIUANLUUAINY 3(3-0)

Robust Control

NQURITUUBNAY  N1FIATITRET oSNNI UUAIVY
warAMANURLFINGANTTULUUAINY 19U N uflafiesnInyes
Jopdayl N1IANd Y IUTUNIULAZNTAAAIN da AUy
U3Rladu ngufidnsnvenevuiaan nsuuasiguuasvgud
Aaeiislveuiumdin Msulandadunuuimsain n1snunu
WUULBAAIT WATAINTOIAIALIY NMTFUATIZRFIAIUANKUY
Hoo quﬁ%’agaLﬁml,az%umaumiaaﬂLmeimuquwmmu
Jeynn1snses MIVIIATIUREU KagNISIIUNELUY Ho, hag H,
fislemnzaniign msanuuinvesLUuTaeseE T AT
Haymavden NIAANYAMTUNTORNKUUNTATUALLUUAINY

Linear system theory; robust stability analysis and
robust performance: Nyquist stability theorem, disturbance
attenuation, and tracking; signals and systems linear
spaces, small gain theorem, loop transformation and
bounded

(LFT); linear quadratic Gaussian (LQG) control and Kalman

real lemma; linear fractional transformations

filtter; full-information He controller synthesis and robust

control design procedures; Hyp and H, optimal filtering,

smoothing, and prediction problems; optimal model
reduction; the four-block problem; case studies of robust

control design.

303560 sruuliidadusaznisaiuauuuudiusiueld  3(3-0)
Nonlinear System and Adaptive Control
sruumvankuUligadu n15iaseidiwlsaniue

wazsyuua  pvesmavhlnludadunuuesiuiin Heidu

U538 wesnnlugusesvendeyuen efigsninwuuanysel

waziadosnmuuudygranduasdyyineen deulvvesly

U arwditugiueasvadndeeyius el dudadu

wuudoundu ngufnsaruauliidaduiuusuiadn 019

aonkUUmAIUANKUULIEGREY NMsUszanamTwesiuy

1A1939 MAuARUUUTUAIeY ssuudTudildendenisdnaes

FULUUEN4BY N13MNUABRIIv818AIUA1I19 LadiesnInYes

szuvduitedlduaznisesnuuuiinuauiuLaiesiuiush

wsldogruafiosnin

Nonlinear control systems; state space and phase
plane analyses; method of harmonic linearization;
describing functions; stability in the sense of Lyapunov,
absolute stability, and input-output stability; Popov criteria;
basics of differential geometry; feedback linearization;
geometric nonlinear control theory; nonlinear controller
real-time estimation;  self-turning

designs; parameter

regulators; model-reference adaptive systems; gain

scheduling; stability of adaptive systems and design of

stable adaptive controllers.

303555 MIATUANKUUAINL 3(2-2-5)
Robust Control
MU 5T UUBLEY w@desn ey LuudIaedweIssuy
fifeulsiuiueuiiuuuiiiflasaduazuuuliilasads nns
wandaduuuuiaudin nguisamueeruindn undaeased
TUouLm LaigININLUUAINULAZANTTOUSKUUAINY N5

AATILUAZNITAUATIENET AUNTINNIA N1TAIVANKUULEAR
915 N190BNUUUAIATUALILUY H, UWaE Ho  N1508NLUUMETT
Hoo gUtumds

Linear system theory; internal stability; modeling of
uncertain  systems: unstructured and structured uncertainties;
linear fractional transformation (LFT); small gain theorem;
bounded real lemma; robust stability and robust performance;

4 analysis and synthesis; Riccati equations; LOR control; H, and

Hao controller design; Heo loop-shaping design
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303565 Luanmseling 3(2-2)

Mechatronics

A19LATIERIAUANERI LATNITUUAIANR L9 TUiLua
Laznguetssslani Ladesduiuaziadensiaia qunsal
ddanseinduarnisin ﬂﬁﬂizmawaﬁmmmmwLﬁ'yaﬂﬁu A9
Uszanalugevendulassuaznisaiuqy lUsunsy
AOUNIADT

Kinematic analysis and coordinate transformation;
forces, moments, and Euler’s laws; sensors and actuators;

electronic devices and measurements; some fundamentals in

image processing, trajectory interpolation and control;
computer programming.
303566 WNNMSVDITEUUUEUALATROlAMTY 3(2-2)

Principles of Robotics Systems and Automation

S3eludunarnisulasuuuieniius Aduifinuuuly
Praniiuardoundu Adunfinaanuds watauaznisaauau n1s
AUANNANAILUT mmiﬁugmlumiaaﬂLLmeim‘UﬂaJLLUU
Lidadu nstounduiiiorlhdudadunaznisiets ns
onuuusimuesuuulasasiiviuflduasuuuusuiaLedls
WuRINMIAIUANKULTLEST NslUsuNTUTiLeaT

Rigid motion and homogeneous transformations;
forward and inverse kinematics; velocity kinematics, dynamics
and control; multivariable control; some fundamentals in
nonlinear control design; feedback linearization and pole
placement; variable structure and adaptive controller design;
force control in robot arm; introduction to programmable logic

control (PLC); PLC programming.

303565 LARMIBindkar sEUUUEUR 3(2-2-5)
Mechatronics and Robotics Systems
NMFATIZRIAMaRIuazNITuUAsAR wseluuusiLas

npuesessiaes idesiuiuaziaiensinin gunsaldidnuseiing

warn3¥a nsUszananady s Nt e iy nMsUsTInaAn

Tutrendulaes F3nludunaznisuvatuuuieniug Aflundin

wuuluthamdhuasdoundu Alunfinanud Wadnwasnisaiuay

n1sauANLEItwuuliBady n1savauuuudeundu @7

muandesie NM3auRuNsIAdouTv UL
Kinematic analysis and coordinate transformation;

forces, moments, and Euler’s laws, sensors and actuators,
electronic devices and measurements; some fundamentals
in image processing; trajectory interpolation and control;

Rigid motion and homogeneous transformations; forward

and inverse kinematics; velocity kinematics; dynamics and

control; nonlinear trajectory control; feedback control; joint

controller; motion planning.
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303504 adlnAEnsaIMTuNIsUsTIaNAd g UTLaY
3(3-0)

Mathematics for Digital Signal Processing

aunsuysleskarn1sUsEynd Mmaudasavanguazisies
nnmesAriwesisudea adinmansuuulidaiiles arutiee
Huidostu uasmavszgndldnuluddimns

Fourier series and its applications; Laplace transform and
Fourier transform; vector differential; discrete mathematics;

elements of probability; applications in engineering.

303501 adladansdmiunisussaanadygia - 3(3-0-6)

Mathematics for Signal Processing

nguanuinvzdu sunsuiSes nansudaniises na
nswUasaUang nanisuUatuen nan1suuasisesifiumiaeg
nsUszgndldnulussuumuauuwaynisussaianadtyy

Probability theory; Fourier series; the Fourier transform,
the Laplace transform; the z-transform; the discrete Fourier

transform; applications in signal processing and control system.

303512 nsasdngiadlnii 3(3-0)
Transmission and Distribution Electrical Power
AnuAeansldidelni nsdwunguilan gunsal

Josfunszuaiiuuazn1svinausiuiuvegunsal ANRBINTS

LLazmsmqummwmaﬁwé’ﬂﬂﬁﬂ annLdeiovesszuunis

dsnematlilin NM5eRNLUULATINIHNUSEUUNSENINY YUY

fioasiularmINUanAeYRITEUUNITAITY

Power supply requirements; customer classification;
over-current protection devices and their coordination; power
quality requirements and their control; reliability of distribution
systems; planning and design consideration of distribution
system; grounding and safety of distribution systems.

303519 Aaun Il 3(3-0-6)

Power Quality

avudaan1sldmdalniin msiisivanuaznisdalnan
aunsaidasiunaznsvinnuniuiuvegunsal audenIshay
nsmuguAnnweeafdlnih ndnnisvesmnudedelduay
ANUADAAYYBITEUU ﬂ’]S’J’NLLNUﬂ’J’]ﬂJL%BaBVL(;IILLa:ﬁﬂ’J']iJ
Uaendudmivannsunduarliund/anidu nagnsnisuiuuss
anuidedielduazaulaonde Tsdluihowadn n1sindauay
\Beudetuszuusming

Power supply requirements, load growth and load shed;
protection devices and their coordination; power quality
requirements and their control; system reliability and security
concepts, planning of system reliability and security for normal
and abnormal/ emergency conditions; strategies to improve
reliability and security; dispersed generations (DG), installing and
interfacing to distribution grid.

303517 MIILRULAZLATgANERSNglNTh 3(3-0)
Electricity Economics and Planning
AMINLRUMAININER szuulviadsuialag ng

3Lﬂ5’]¥ﬁ$']ﬂ’]§],UVJUﬂ’]§N§W warn1sneInsallan N1INIEaNeY

nsudn anadedelduaviadesnmluszuulniinids nns

’]’]\TLLNUIUﬂﬁﬂﬂ’]iNEﬁ]ﬂi%LLﬁVL‘W“N’W me"waawaﬁumaumsmﬁm

nszualnil nMsdnassnsnanedeUszndavesszuulninmas

autdedeldvesssuvlniindinundniasugaans

LL‘UUﬁT'laaﬂmmwLLNumsamummsm’liWﬂw ulgursuay

ﬂ’JWiJVilI’]EJ“UB\Tﬂ’]iﬁ(ﬂﬂ’ﬁéﬂw)ﬂé’ﬂm

Generation planning, bulk power supply systems,
production costing analysis, and load forecasting. Dispersed
generation. Electric power system reliability and stability;
nature of planning in electricity sector; hierarchy of
electricity planning models; economic operation of power
system; economics of power system reliability; investment
planning  models  electricity  pricing; demand-side
management options; environmental management policies
and their implications.

303517 MIURULAZATEgAERSINgLTh 3(3-0-6)
Electricity Economics and Planning
MFINURUAIGINITHER YUUBINNULATYFANARSUAY

walulagvesszuulnii arudesnisldlnd nmsnensalainu

foanslglnin msnaumulunianisadalviuagnisusyanu

AUVUNITHER N139WNUNITANU N15ARsIALITN N3danis

grunslalaih wleutemssanisdwandeunaznanszny

of

technological dimensions of power systems; power supply

Nature electricity  planning;  economic  and

requirements; electricity demand forecasting;  generation

planning and production costing; investment planning; electricity

pricing;  demand-side  management and  environmental

management policy and their implications.
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303524 NsmIUANLardtaesFULUUUNTlLURY
Aadlnisn
Power Converter Modeling and Control
A1sas1anuUI1ae U liliBadurensasnisuuasiu
sl laeldinadafuniisuazanades n1siaszikas
sonuuulunsmvaulnuaussiukaslvaanseua n1sufuRng
NeRavUIULAZIEUUSURTASYT SsuudsTngveslndinigs n1s
$aodulaunauazmadanmsialulawuanud

3(3-0)

Nonlinear modeling of power conversion circuit
using discrete and average techniques; analysis and design
of voltage mode and current mode control; parallel
module operation and system interactions; distributed
power systems; time domain simulation and frequency

domain measurement techniques.

o

303524 MIBATIERAMAN vUEYRIRUAUAEINTEIaNSS
3(3-0-6)
Analysis of DC Power Converter Characteristics
newelagvesiiuuasiuids wuudrassIgiann
Lwﬂﬁﬂmnaﬁaﬂ?gﬁaw MIATIERFYYIIUIALENYD IR
wUasuras flsitudielouvesiudasiumas nanevauosds
AsuAzNanaUauedluaniuzegiveiulaumigs
DC power converter

topologies, state-space

models, state-space averaging technique, small-signal
analysis of DC power converters, transfer functions of DC
power converters, transient and steady-state responses of

DC power converters.

303525 gunsalansiafatimsliiindids 3(3-0)

Power Semiconductor Devices

AudNYME N13askazn1TUssyndldauvesaunsal
anstaamalwinigs  auauiAdeadauasidady nisdu
wnakazimatianistesiu vewslad Audnwzuavinadang
muANverRsLUaruidsliihuuuseg Taun nszuansadu
nszuansy nszudaduidunseuanss nszuansalunszuaadu
waz nizuaaduidunszuaadu n1suszendldnuvesunaiine
frdslnlihdeidesuazundsdneszorlng sauvienisUszendly
FZUUABNNILADS S3UUINTANUIAL TLUUTOBUA Uay
nIrUIUMIHIeY Tugnaivnssy dunsisenessauselesd s
ﬁmLﬁmLLUUﬁgmmmﬁmeﬁ')ﬂiznauﬁwﬁa

Characteristics, fabrication and application of power
semiconductor devices. Static and switching characteristics, gate
drive and protection techniques. Various DC-DC, AC-DC, DC-AC,
and AC-AC converter circuit topologies, their characteristics and
control techniques. Application to remote and uninterruptible

power supplies, and to computer systems, telecommunications,

303513 32UUNIWUBIRUNGIY 3(3-0-6)
Energy Conversion Systems
AENYRELarN1sUTEENALTUAIndIaY nenaladuay

wiafian1sarvauduUaiduiduwuusie laun nszuansadu

nszuanse nszuaaduilunszuanss nszuansadunsyuaadu way
nsvuaasudunszuaady Anuiteudensueiingy madanis

Yostuluszuudidnnsedndinds nisldauszuudidnnsednd

Adslunuusingg Toun wdsinesdslnivoides seuueusud

SEUUABNNLADS SEUUINTANUIAL LATATEUIUNITA9Y Tu

2AAINNTTU
Characteristics and application of power switches.

Various DC-DC, AC-DC, DC-AC, and AC-AC converter circuit]

topologies and their control techniques. Total harmonic

distortion and power electronic system protection. Application
to uninterruptible power supplies, automobiles, computer

systems, telecommunications, and industrial processes.

automobiles, traction and other industrial processes.  Utility
interaction, harmonic distortion, and power factor.
303551 Ngud]szUULTLE 3(3-0) 303551 NufAIUANILIY 3(3-0-6)

Linear System Theory

nuivessruuiaduiiussenelnsaunisaniuy sUuuy
Tnydifivesaesuay nanaeiluresaunisaouy auduwus
synIsauNsaauziasfleiduaielow whesnin aruaunse
Tunsmavauld anuaiuisalunisdanald n1sesnuuud
muqmwums’m‘ﬁyu N199NKUUAIEANG

Theory of linear systems represented by state
equations; Jordan canonical form; solutions to state
equations, relationship to transfer functions, stability,
controllability, observability, controller design using pole

placement, observers design.

Fundamentals of control theory
msmmuluu%qﬁamusLLazﬂmauﬁaﬂyugw n13
toundududsaniuz nseanwuusiduneaniuz n1slounau
U1DDN ﬂ’]iﬂ’J‘UﬂIQJLLU‘ULL@ﬁa’J’OW% AINTBIAINY N13AIUAYL
wuueamd Jgminisiemusazdgminisidndeygyiusuniu
N159ONKUUNITAIVANLUUUTAUS
State-space control with basic properties; state
feedback; state observer design; output feedback; linear
quadratic regulator (LQR) control; Kalman filter; linear
quadratic Gaussian (LQG) control; tracking problem and

disturbance rejection problem; integral control design
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303556 FeyeyInuuarsEUULTATiugy 1 3(3-0)
Stochastic Signals and Systems |
ngeianuuianidu dudsduuazsurunisiiugy

HeidunsnszaneuazaumuLdurssnuiazuLuuAngeg

ﬂizmumidmmumﬁuaxLLUUI&Jﬂ&ﬁ FUYIUTUNIURUUUND

WASWUUE NITIATIERAYIUEN AIUNUIMUNYRIMFUT

anedu Anvnanevaussduiauazifanuivesszuuid

duifidedyanadulngendonisulauuaaiadnuazinada
wnlmivesUinfaniue wusihduszsanuandaduiivnzay

o
Probability theory; random variables and stochastic

processes; probability distribution and probability density

functions; stationary and nonstationary random processes;
white and color noises; analysis of random signals; power
spectral density; time and frequency response of linear
systems to random signals using both classical transform
and modern state space techniques; introduction to

optimum linear estimators.

303571 deygynuuasseuudauiiugy 1 3(3-0-6)

Stochastic Signals and Systems 1

faudsduuazvurunsiiiudy deddunisnszansuay

ATUMILUEYEIAN IR T ULV ATEUIUNTEULUY
Aeiinazwuulingd FyrusunIULUUTIILATLUUE g
TrsrzRdyaingy AuruIkiuvesiidudauna sy
mamauauam%ﬂnmuazL%qmmﬁ'maaiwuﬁﬂLé’uﬁﬁ&iaé’miywm
dulagendunisuuadnuunaiadn

Random variables and stochastic processes;
probability distribution and probability density functions;
stationary and nonstationary random processes; white and
color noises; analysis of random signals; power spectral
density; time and frequency response of linear systems to

random signals using both classical transform.

303557 deygyInuuasseuudLiiugy 2 3(3-0)

Stochastic Signals and Systems |l

o

wuudrassvesUsgliantusadunlddyyimsuniu

o

3 a

WUUY1Y NOUHN1TATIITU wagn15UTEeNAYBINgw)n1s
Uszanal N udn1svTAsey N15AVANLULLEARAE  FINTed
Fouuesuaziinsesmasuusuunatiisedios nsvnawas
209aUN153AA N15nsoeliildady nsUsranuAImIsIimes 39
AANavElouriugaan LLazf?f’miaaLmeaLLmuﬁgﬂ‘u&namﬂsi"i
sueenly wuuwai“mwuLﬁu'sﬁunm&ialﬁa& MsiAAeuiLuUY
srudeu nMsmusiusuuudeuues auniseuiusuuuiiudy
Badu nsrvaunsinndansaenuuuils nsmuiiusaeddle
ngMIeyiusvedls sukuuitaesesszuunainuuuiugy

Linear state-space models driven by white noise;
detection theory, and applications of estimation theory,
LQG control,
discrete-time Kalman filters; the solution of the Riccati

smoothing theory, Wiener filters, and

equation; nonlinear filtering, parameter estimation,

maximum likelihood method, and the extended Kalman
filter;

Brownian

continuous-time  stochastic  dynamical systems:

motion, Wiener Integral, linear stochastic

differential equations, stationary Gauss-Markov process, Ito

integral, Ito’s differentiation rule and modeling of

stochastic dynamical systems.

303572 deyey1nuuasseuudaiiugy 2 3(3-0-6)
Stochastic Signals and Systems 2
NufN1InTIaTukarNITUTEINN Nuin1sinlnsey

finseaisuiue’ wariinsesmauuuwuunaliseiieaay’

Aamiloutugaan seuunainuuuituguiadendos aunis

oyiusuUUuduB Ay nszuIunsInd-unireniuuiuay

sUBuUdaesvassEUUNA LU UGy

Detection and estimation theory, smoothing
theory, Wiener filters, discrete-time Kalman filters, and
maximum likelihood method; continuous-time stochastic
dynamical systems: linear stochastic differential equations,
stationary  Gauss-Markov

process and modeling of

stochastic dynamical systems.
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303561 NMIUsTIIARAFYYIUTIAULAY
N159NLUUAINTDITYY 10U 3(2-2)
Digital Signal Processing and Filter Design
nsUszalanavesdyyatduiiuguuazideaiivun
AuaudRLaznsIuundyyIn Anwdyaiuuasseuuluds
nauaztdernud nsulas Z nsuUaniBiesuuufumiag
%umau%%‘a&mL%uﬁm%’umiLLUam%La%LLU‘ULﬁumu'w 113
TeTesiesdmsussuukazdygananiumie laswasa
Y94AINTDILUULTILAY LNALANTITDDNKUUFINTDILUULTLAY
dyayeuduuuuifiuming
Signal Processing of deterministic and stochastic
signals; characterization and classification of signals; time-
domain and frequency-domain representations of signals
and the discrete Fourier

systems; the Z-transform;

transform; fast algorithms for the discrete Fourier
transform; Fourier analysis of discrete time signals and
digital filter digital filter

techniques; discrete random signals.

systems; structures; design

303561 N13UszUIaNady I 3(2-2-5)
Signal Processing
ANALTRLAYNITIMUNFYYIULALITTUY NMTIATIENR

Fygraazszuvluldaiaiuazi@ennud a1sUszulana

Synanasedownessuunansumioe

Characterization and classification of signals and
systems; signal and system analysis in time-domain and
frequency-domain; continuous-time signal  processing by

discrete-time system.

303564 NManTosdyYAULUURA NI TIINzaTian3(3-0)
Optimal Discrete Time Filtering
MR EIN1TUTEINNAT N1590NHUULAL FULUUNIIATLIN
Fuszanuavessruy WaduuarliiBadunanfumiie wWiotsn
Uszgndldandunmsnuay msdeasuaznis Ussananadnyao
msdraesguuuuid-ansaen fnsesdyaaanfumienuy
AR FYQUTUNMULUUE MNTedyauLuUansuAy

303564 N159NLUUAINTD 3(3-0-6)

Filter Design

1A5985199 099N 5039AM 08 LATANITEONLUUAINTDS
Adnea nguinisuszanan ssuududularlidudunani
Nl N13UszynAlduluszuuaIvAukanN1TUTENIaNE
Foyey e

Digital filter structures; techniques of digital filter

Estimation theory, design, and computational aspects | design; approximation theory; design of linear and
of linear and nonlinear discrete time state estimators for | nonlinear discrete-time systems; applications in signal
applications in  control, communications, and signal | processing and control system.
processing. Gauss-Markov modeling, discrete time Kalman
fitter, nonlinear filtering, colored noise, reduced order filters.

303568 w]ﬂﬁﬂmimmmmsauﬁqmaxmiﬂszqnﬁ 3(3-0) | 303552 wqwﬁmﬁmmmmzauﬁ@ﬂLLazmsUizqmﬁ 3(3-0-6)

Optimization Techniques and Its Applications

aoundin Maddunasymaumnzauiian flugnu
mslinsgineunnd dgymidaeaiesiian Tusunsndady
wagindsans Tsunsuedion@idn Jymigeaadign Agndn
wardmdug Bwananizd 33nsdaszunu sedouited
L‘E‘aulmmmmmmﬁqm NQ¥N15AIUE wqwﬁmimﬁlﬂuwm
warn1sUseynd 353nn1elu seideuiBeaunisiunindigadu
nsUszgndfusEuumUANLaE T AmnTsy

Convex sets, functions, and optimization problem;
basics of convex analysis; least-squares, linear and quadratic
programs, semidefinite  programming, minimax, extremal
volume, and other problems; localization methods; cutting-
plane, ellipsoid algorithms; optimality conditions, duality
theory, theorems of alternative, and applications; interior-
point methods; linear matrix inequality (LMI) methods;

applications to control systems and other engineering topics.

Optimization Theory and Its Applications

ﬁugwwqwﬁmsmmmmmuﬁqm ATAIANNRUZEY
Hanvesilsitunansiuusunannieuluuazsnedeulutadu
mmAnzaTigademaiafiay nsUszgndldluszuy
AIUANKAENITUTEIIANA Y10

Fundamentals of optimization theory; multi-variable
optimization with/without constraints; optimization with
special tenchniques; applications in signal processing and

control system.
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o o o ANLAUINIG - -
GRIAY) Y-UUdnNa - qm’gﬁu/mm'nﬂ NU8L9R
Y119
1| wggua uéfiiy HYeMmans1n1sd | -Ph.D. 1. U3y
(Electrical Engineering) | -Algorithm Development for Investigating
-M.S. Adapter Cards, W.A.2553 - 2555
(Electrical -Mango grading machine using

Engineering)
AU, (Neshtioy)
Grnnssuladn)

dynamic weight signal processing
technique, n.A. 2553 — 2554
-Automatic Corrosion Inspection by
Using the Golden Template
Technique, W.A. 2552 - 2554

-Noise Reduction by Using Exponential
Smoothing Digital Filter, w.A. 2552
-Mathematical Model for
Determination of the Electrical Energy
of the Home Solar Panel, W.f. 2552
-Determine Optimum Tilt Angles of Solar
Cell Panels for a PV Stand Alone System
in Phitsanulok, Thailand, w.A. 2552
-Cross-covariance  Matrix  Analysis  for
Comparing of Shotgun Bullets, w.fA. 2551
-Optimal Linear Trend Smoothing
Filers, .. 2550

-Performance of 500 kWp grid
connected photovoltaic system at
Mae Hong Son Province, W.A. 2549
-Design and Testing of a 10 kWp
Standalone PV prototype for Future
Community Grid Adapted for Remote
Area in Thailand, W.¢. 2549

-Economic Evaluation of Photovoltaic
Systems for Rural Electrification in
Thailand, w.@. 2549

-Solar Thermal Energy Evaluation of a
Parabolic Concentrator, W.@. 2548

-A LDT Noise Reduction Algorithm for
Denoising in a digital Image, w.A. 2547
-An Application of the Data Adaptive
Linear Decomposition Transform in
Transient Detection, W.A. 2546

-Data Adaptive Linear Decomposition
Transform, w.A. 2545

2. fssEY

wdnmslwindeans,
dlinfuiuisgnainsalumine1de,
W.A. 2554 (ISBN 978-974-03-2770-7)

3. A1929UEDY

-Mathematics for Digital Signal Processing
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-Digital Signal Processing & Filter Design
-Digital Signal / Image Processing
-Optimal Discrete Time Filtering
-Optimization Theory

-Electrical Machine |l

-Electrical Circuit Analysis Il

-Stochastic Signals and Systems I

UNYAUNT

1Sosdudeniy

HeanIINsd

-Ph.D.

(Electrical Engineering)
I,

Gennssuloiin)

1. 97U
ATesUANgAMNTd M UAGDULS
lauuudluinfarilasvl asurulaglodid,
W.A. 2553 -2555
rflasermRnnRveBus risesesily
Tunserumsad rveds@um, ne. 2553 2554
-Anwlazoanuuulusunsuas L
Fusuiinsigvinsanawmaiuseusie
TassneUssanniiey, w.a. 2553 -2554
AmsgianuRnunfvesuainesiiiin
YLV, WA, 2552 -2553
ShdauszquuameLUUNnIA MUY
YUAUUIALENEDIAD, N.A. 2552 -2553
ST IAT VAN TENUTDIUTIAULMA T 185D
UsgAns nnuewas i, we. 2552 -2553
-M391889WUY Intelligent-Bus (i-bus) Tu
FEUUAIUALUANATIN, W.A. 2551 -2552
N3N UAUAN NI LENLANLE AN
asmmmsauﬁqm, W.A. 2550 -2551
-Optimising battery usage, w.A. 2549 - 2550
2. fn5U

3. A15TUFIU

-Electrical Machine |l

-Electrical Power plants and Substations
-Electrical Machine |

-Electrical Engineering Laborator III
-Theory of Electrical Machines

-Alternative Energy Systems

YIEAILANSEN

.
qITTUAS

819158

-D.Eng.

(Energy)

-M.Eng.

(Electrical Engineering)
-IA.U.

(Genssulaiin)

1. 91U

- M3mLazas mdouUamagey
Iytiusage 50kV, W.A.2552
-msvonuuukaraishamanlines
U 100kV, W.A1.2553

2. ANTI58Y

3. A15¥UAdU

-Fundamental of Electrical Engineering
-Electrical System Design
-Introduction of Electrical Engineering
-Power System Engineering

-High Voltage Engineering
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. y ATNRUING - -
GRIZNY) UV-UNENE - AIA/A1V1I7 NUBLAA
AYINTT
-Power system Operation and Control
4 | WA wafivinede 919138 -Ph.D. 1. Ay
(Automatic Control & | -nsi3suLfisussningisiaesivauas
Systems Engineering) | lasstnguszamifisalaeldnisiiasizi
-M.Eng. WeUszaunsalvesiuudantnnneeudin
(Mechatronics) USusnle, w.e. 2553
361U, -Detecting float screws in screw
(STUUMUALLEGE fastening process using classification
wiadiein) techniques, w.A. 2554
2. AT
3. 1989UdaY
-Applied Electrical Engineering Mathematics
-Electrical Engineering Project |
-Electrical Engineering Laboratory IV
-Electrical Engineering Materials
-Electrical Engineering Mathematics
-Electrical Instrumentas and Measurements
-Electrical Engineering Project Il
5 | wegwssaiinm Ty 919138 -Ph.D. 1. U3y
(Energy Planning & -Impacts of Electricity Market Reforms on
Policy) the Choice of Nuclear and other Generation
-4 Technologies, .7. 2553-2555
Gennssului) 2. fisseu
EelGATR 3. AU
Grnssului) -Power System Engineering
-Power System Analysis
-Electrical System Design
-Special Topics in Electrical Engineering |
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aeu

¥o-uwana

AMIA/E1U1AY

NU8L9R

1| welwena

589FNEN51915

-Ph.D.

(Computer Engineering)
-M.Eng.Sc

(Electrical Engineering)
EATR
(Gennssulngauunny)

1. U3
-MsuEREaN AU IaaRTRewUY 3 17,
W.A.2555
msnmedusminneseseaalisuy
SalutRlae s maleneiiiomuasnis
Feuduuudvineianawesuseduy, w2554
2. A153eu

-Multimedia Database Retrieval: A
Humman Center Approach, Springer, 2006
3. ANILIUEDU

-Principle of Computer Networks
-Computer Programming

-Data Communication and Network
-Computer and Data Communications
-Computer Architecture and Organization

-Speech Recognition and Processing

2 | wegsivg

DYANEANTISE

-Ph.D.

(Electrical Engineering)
-M.Sc.

(Electrical Engineering)
..

(Aeshtluuduau 1)
Gennssuloiin)

1. 91w
UsganSnmlunisnsiadunmsalag
sEUUAkUY HSV nsdilunisussendldiu
SYUUIBATH, .A.2552
UsgdvSnmvesszuudmdueuwuulasnd
WPUSATinSANS T, W.A.2552
-MSRAILITEUUATINIVIV AN WUUS A LW R
ﬁm%’mﬂmﬁﬁmﬂémé’a, W.A.2551 - 2553
MTIATIELAZASAAESIAILA NI
mmqsauﬁqﬂﬁm%’uszwdaé’zyzymim
fedarunigesuuaeloniitues
Usstavmangluualagendensyuiunis
MNIRUGAIENS, W.A.2551 - 2553
-MyhaeRsruLdnsueLuUlagng
WAL, W.A.2551
-Maiwszuugudeyadiinnseiind
wieldszysaitaelaglimaluladuany
aneinile lsmeuiaidsunsd Sma
NINT, W.A.2551
Usgavsnmlunisesidunmsalaeende
SYUUAUWUU RGB wag HSV: asallunis
Uszgndldiuseuulensa, W.6.2550
msiimulusunsudstennudy wiens
Uimseldmssandmiugiae:
NIAUANWTINEIVIBITIUISH v
NINT, W.A.2550

-hengnsadanioy: ndlAnwszuuuing
salnih wnInedeuisens, w.A.2550
—Lﬂéaﬂﬁﬂﬂi%ﬂﬂﬂWLLUmLmaé%WﬂWé’ﬂﬁu
wasoinddususalninummiveaeusens
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AIUANAILAIAIUANTEUUIATIU B UTEAN
e, w.#1.2549
Trssmswanssuuiivensndasies, nm2548
2. fNssEY

3. A1989UdIY

-Digital Communication
-Telecommunication Engineering Laboratory |l
-Principles of Communications
-Telecormmunication Engineering Laboratory |
-Satellite Communications

-Stochastic Signals and Systems |

-Coding Theory

W1YsHn

u1ang

HYeAans19158

-Ph.D.

(Electrical Engineering)
-M.Sc.

(Electrical Engineering)
AU, (Heshde)
(3FNITUTTUUMIVAL)

1. 97U
-MyUszynAsyuuLduaIelf
(SNMLS) Tumsusgananagunnuay
VUMAEINTIEIN, WA, 2553
-NsUszgndnguinisatuanlulaseng
U, W.A. 2552

-Application of Numerical Method on
Financial Analysis, w.A. 2549

2. fisnseu

3. AU

-Applied Electrical Engineering Mathematics
-Special Topic in Signals and Systems
-Control Systems

-Control Systems for Computer Engineering

-Special Topic in Computational Methods

WLYIYNs

YUUARENTS

ot
Y

DYANEANTISE

-Ph.D.

(Electrical Engineering)
ELET

(Gennssuloiin)

AU, (HesAtion)
(enngsulain)

1. U3
syuuideuseihudundilunsnaiui
oy, w.el. 2551 - 2553

2. ANSNTBUY

3. ATTUEDU

-Electromagnetic Fields and Waves |
-Engineering Electronics

-Optical Communications
-Fundamental Electronics

-Electronics for Computer Engineering

UNATINUNYTY

Suzsna

ot
Y

DANEANTISE

-Ph.D.

(Electrical &
ComputerEngineering)
-M.S.E.CE.

(Electrical &
ComputerEngineering)
B ATR

@Gennssului)

1. U3
-msfusarauliiiweinlennamdnums
VDINGUTIATRNSE, WA, 2552
-mimméﬁ'ﬂLLasﬁuﬁﬂmsm?{auﬁmaﬁmq,
W.A. 2550

2. A19158Y

3. A1TUEDU

-Fundamental of Data Structures and Algorithms

-Digital Image Processing
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AgiIuNg

812158

-Ph.D.

(Automatic Control &
Systems Engineering)
-M.Eng.

(Mechatronics)

-3A.U.
Gennssului)

1. 97U
-MIUSEUBUANTTOULVRITTUUAIUAY
TngldnsmunuuuuEsuss o ses
wi3ng G Suffuniauazsusuganinle
Tnehahmiinuuuusueld, we. 2551
2. fssEY

3. ATTUHDY

-Digital Circuits and Logic Design
-Electrical Engineering Laboratory IV
-Control Theory

-Control Systems

-Microprocessors

-Control Systems for Computer

=)
e
Qa

UINYUNN

Junsiiuns

819158

-Ph.D.

(Electronic and
Electrical Engineering)
-M.Sc.

(Dipl.-Ing. in Electrical
Engineering)

-3A.U.
Arnnysulnimas)

1. 91378

-New Switch-Control Technique for
Multiphase Interleaved Converters
with Current Sharing and Voltage
Regulation w.A. 2554

-Model-Based Maximum Power Point
Tracking w.f. 2553

-Performance Analysis of Interleaved
Converter for Maximum Power Point
Tracking w.fi. 2553

-Analysis of Multiphase Interleaved
Converter by Using State-Space
Averaging Technique W.A. 2552

-A New Dynamic Model for Lead-Acid
Batteries w.A. 2551

-Control of a Two-Phase Bi-directional
Interleaved Converter for Maximum
Power Point Tracking w.A. 2551

2. fsseu
-msdeneiasasiiiiiugu: vauiuas
UURNTS, WA, 2546 (ISBN: 9747195526)
3. A1989UdIY

- Electrical Circuit Analysis |

- Electrical Engineering Laboratory |

- Power Electronics

- lllumination Engineering

- Photovoltaic System Technology

- Power System Protection

UUBATRUS

AN

812158

-Ph.D.

(Electrical Engineering)
-M.Sc.

(Electrical Engineering)
-IFLU.

(Genssulaiin)

1. 93y
-ananuwzAnUdusnelniuasead Tu
anmrmafnuRdNULEadwaeing

siinddauluas, W.A.2552

o al v
-msnaLLUnmes leseulngldansusenau
Bedouveaniniluasaiuny, W.A.2552
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A auarnngeuaRefiduan
asUsenouBunid msusulunguasvms
Fuwenueilalas (12) WA, W.A.2552
Szuuedesinnuiatadiield i
AENYaENsUTEIAdY Y dusRTnea
fegmelidryausuniuluaniwliau
Lailauase, W.A.2551

-Infrared Controlled Lighting Switch (IR
Switch), W.A.2549

szuuile ansseunaveATeins
onludR “Auto Tweak Machine Cycle
Time Reduction”, W.#.2549

2. A19158Y

- ATUsuAsH CA-Clipper 5.2 vuiinisn
, Aganne : Bidagad, 2537

3. A19TUEDU

-Digital Circuit and Logic Design |l
-Research Methodology in Science and
Technology

UIBETAY

AnUszlnnaia

812158

-Ph.D.

(Electrical Engineering
& Computer Science)
-B.S.

(Mathematics)

1. U3

-Feasibility Study of using Design Pattem to
Assess Quality of software design, W.#.2548
2. finsseu

3. A19TUEHIU

-Algorithm Analysis and Design
-Principle of Software Engineering
-Computer Programming

-Advanced Computer Programming
-Fundamental of Management
Information Systems

-Advanced Computer Programming

10

wedesni

NUNDY

819158

-Ph.D.

(Electrical Engineering)
-IFLAL

@Gennssului)

-IF.U.

Gennssului)

1. Uiy
menzranldedomuudetluie
paUlaBIENASNLUUTEUIY, WA, 2553
2. AN3NTBUY

3. ATTUEDU

-Electromagnetic Fields and Waves |
-Telecommunication Engineering Laboratory I
-Radio-Wave Propagation
-Telecormmunication Engineering Laboratory |
-Communication Network and
Transmission Lines

-Antenna Theory

-Mathematics for Approximation

-Electromagnetic Theory
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. o ATNRUING - -
a1y Y-UUdNa a @m'gm/a'm'n‘m NRNELNR
UY1N17
11| weanwsiignd  253%umd 9139756 -Ph.D. 1. U3y
(Bioengineering) -Lﬂ%‘@m&hmLﬁ@mmﬁﬁmﬁﬂ, W.A.2554
-M.Eng. —Lﬂ%‘laﬂﬂ’i%é]:ulﬂﬂTﬁlﬁ'lllﬁﬂiﬂﬂmiﬂﬂﬁ,
(System Engineering) | ¢ @ 2552
e | 2 e
Afnssudennioled) | 53 qseqrudeu
-Electrical Engineering Laboratory |l
-Microcontroller & Microcomputer Interfacing
-Microprocessors
12 | weamsanval  asudh 919158 -PhD. 1. Uiy
(Computer Science Tnsansnsiiaungrudeyaasauwmeaile
and Engineering) msguatAnssglonauensTUULATANNEL
-M.Eng. @odluszuunsine, W.A. 2554 — 2556
(Computer Engineering) -Web Service Searches, W.A. 2553 — 2554
AU, -Flood Warning System Development and
Geranasululii) Capacity Building on Disaster Management
for Local officers, W.A1. 2554 — 2555
syvvatuayunsiauuendiaduluns
i’]’mmsLLasLLaﬂLﬂﬁauﬂawuifmaaﬁﬂimms,
W.A. 2553 - 2555
-Spreadsheet-based Web mashups,
W.A. 2553 - 2555
2. A9 158Y
3. A19EUEHIU
-Principle of Artificial Intelligence
-Computer Engineering Project |
-Special Topic in Computer Systems
-Fundamental of Database Systems
-Computer Engineering Project Il
13 | wewia thoqud 919136 -Ph.D. 1. 91378
(Mechatronics) JARNMIWRILNTUUDNLUUE LI
-M.Eng. muRsMsIARBUTIvenjuEUA LAY

(Mechatronics), Awards
AU,
Gennssulaiin)

Wavefront dwisuldaumeldaaumsalass,
W.A. 2554-2555
-NMsiaLgUNIaimUANNaMERsYRIYR
Suindounemesamsusnoudlni, .
2554-2555

At Un-Unlnuasainapruaumeua
unlsnse, w.a. 2548-2549
Tnssmsiannsjusuindeuitsnlulii
UDNBIAT, W.A. 2547-2548
Sane3Tudmsunisiaedyaaiine
3dluszuulndiings, we. 2547-2548

2. AT

3. 1929UADY

-Research Methodology in Sdence & Technology
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. o ATNRUING - -
a1y Y-UUdNa - Qm’gﬁ&l/ﬁ'l‘ll'l’]‘ll'] NRNELNR
UY1N17
-Microcontroller & Microcomputer Interfacing
-Microprocessors & Microcomputers
-Microprocessors
14 | wwaing Aseinen 919138 0. 1. 93
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