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The Project of Development Knowledge Based Learning Center using Digital Technology
Prof. Dr. Somphop Rodamporn, et. al.
August, 2020

The Project of Development Knowledge Based Learning Center using Digital
Technology is an active learning center which provides data information, digital
technology, curriculum resources of Data Science, internet of things and sensors. In
this project, we created online courses through the Thai MOOC platform whereby the
course contents include Data Science and loT. In order to develop the courses and
design the learning center, a focus group technique was employed. Frist, our research
teams collected information from users including students and academic staffs from
different universities. Issued of a functional design of the center, how to apply loT and
Data Science for innovation, and the online course contents were discussed. Then data
collection and all comments from our focus group were analyzed and implemented.
Also, this Knowledge Based Learning Center using Digital Technology aims to be used
as a center for everyone who would like to further their knowledge in the form of self-
learning. We finally built the centers based on two locations, first is located at the
floor 11 of the computer center, Professor Dr. Saroah Busri building, Prasarnmit,
Srinakharinwirot University and the second is located at computer center, Ongkharak,
Srinakharinwirot University. Ultimately, the objective of this center is to be a place for
providing data information and knowledge of Data Science and loT through an active
learning. The contents of Data Science, searching, input-output to IloT, image
processing, machine learning for analysis and prediction were provided. In this project,
a Learning Management System also supported the relevant courseware that is e-
learning for SWU014(Data Science and loT) whereby 1,051 users have registered to
study this course on the Thai MOOC system. The result shows that users can access
such provided courses anywhere and anytime which yield a better performance than

a lecture- based in the classroom.

The course topics of Data Science and loT were created for public, thus people and
students who are interested in gaining their knowledge can access. Virtual reality
technology: - (VR) was also developed as a part of our learning course since VR is one
of technologies regarding 5G and is supported the Thailand 4.0 policy. In our VR
contents, a smart farm theme was designed and developed. We demonstrated the
smart farm VR with 15 students and we found that all students were eager to engage
and felt enjoyable during learning the class compared to a lecture-based class.

Moreover, we organized the innovation contest in the theme of Data Science and loT
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technology. The objective of this contest is to promote the importance of Data Science
and loT technology to public and social sectors. In this contest, we divided awards into
3 groups: (i) students from a high school or vocational levels. (i) students from
undergraduate and diploma levels. (iii) people from the public sectors. We organized
the contest based on an online platform since an occurrence of pandemic COVID-19.
Competitors were instructed to create their clip-Videos for a proof a concept of
individual innovation to which design ideas and applications regarding Data Science
and loT were presented. In this contest event, 59 teams participated, and in the final
round, we use the WebEx Meeting platform to convey of the duration of contest
awards. The result shows that this contest can encourage students, people and public
to apply knowledge of Data Science and loT for real-world and novel innovations. In
conclusion, The Project of Development Knowledge Based Learning Center using Digital
Technology has achieved our goals for which we were able to create the learning-
based centers through digital technology and the centers provide the contents of e-
learning courseware which is easy to access via the Thai MOOC platform and also
develop the VR contents regarding5G technology. Furthermore, we successfully
organized the innovation contest to encourage students, people and public sectors to
apply knowledge and self-learning from the learning center to develop their
innovation. Finally, this project was effectively able to create a corroboration between

communities inside and outside the university.
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aanIu s zaziumelulad ¢G Judumaluladfiazansesiunsdsuudamosyadsny
Aavtaiiieaninmaluled ¢G awilfsnsanuialunisdsfeyauuuliaetuminfuns
Feusouvumaluladloutniuas &G lag ITU-R 16fimununsgiu IMT for bolbo and
beyond #sfliaAruanunsaludiudieg iutuainunsgiu IMT-Advanced 709350 <G
Tnesvuu &G wdishrmsdsioyaguaniindu o wh Shrnsdstoyafigllésuiniu oo
W1 AUNUIIVBITTUUANAY 00 LW mmmmiﬂumi%’uﬁagﬂwﬂmzm?{auﬁ'Lﬁmﬁu 0.&
Wi sesduauvuuiulunsideudelfifintu o i YssAnsamnisldndsnunes
Tasstneuiiudu eoo i YszAndammsldaduauiiiindy - wh wedninisddoya
guanrefiuiiintu eoo Wi Sdnarmamnsaiiuintumand awneuausanuannsaly
J9ITUTTUU &G U o AUNEN Ag
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- Enhanced Mobile Broadband (eMBB) Ao nsldfauludnwasdisinisdstoya

=

anuidigeluseduiingnseundt (Gbps) Bsnslinuagiimmudfesnsfiugsiuiosy

- Massive Machine Type Communications (mMTC) fia n1slderufidinasg
FonsevesgUnsaifnumnluiuiiiendu nefuimamndsediuduguniaineniang
nlaLuns

- Ultra-reliable and Low Latency Communications (URLLC) @® 154U
Feamsmuannsalunsdadoyaifinnuaiosnn Sanumiinalunsddeyadily
AU o Haduni

fatudagtumealuladndniiuraulauarilonaiiozsessuinnnuannsaves

STUU &G Tanudumdng finanuildaslinunsd o

- a A v % Y
M3 o asumaliangrglunisldnuves ¢G luawaumang

wAlA eMBB mMTC URLLC
mmWave Frequency X
Massive MIMO X X
NOMA X X
Shared Spectrum X X X
Cloud Computing X
Fog Computing X X

nanssagumaiafidislunisldenues €6 luaudundng wuinmaie
Shared Spectrum asnsameuauesnsiduves ¢G Idasuluaudundng Sunadaiidu
wadafiteiiiusnsslunsddoya 1Wunsldnauransguadusiuiuielissuvaunsn
nszaemsdsteyasenluainadundnluiisnaiiinnsivdedoyausanamnnsitlinisds
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Foyadululdnnitu Sunadatgninuldegluagiiuresszuy <6 dnlussuu ¢G A
anansovilaluguiuuifeniulagasiiondn @G-New Radio Shared Spectrum

fafunsUszgndldnumalulad ¢G du Woannsadmiudostavoanalulad
nsdeanslimeluiiagiu uastiesosenlvianunsayssgndldamiusnusineg Tudamndydld
a8aaEe 1w Fudetuiie (Media and Entertainment) $un1sudn (Manufacturing) #1u
415150a% (Healthcare) Aruaisisayulaa (Utility) Arunisauunatvuds (Transportation
and Logistics) uwagauseuun139nn1siiies (City Management)

©. NENIINeINITioya

Data Science w3oAnemsdeyaifumanslunuuanans Afunslénszuiuns
mﬁmmmamﬂumanﬁummLﬁdﬁlé’ms‘ﬁmﬁmmi (knowledge) LagAutdnlaLdiedn
(insights) 9nTeyaifiegvainvatsguuuy lnenszurumsviesans (Science) lunsndu
Yoya vi3o Data MifegoonuliiAnystloviunfiantasnammanuidudumadeulsuns
ﬂamﬂ’;maiﬁauﬁ’flzgmﬁmﬁ’u%’aga (computer programming/hacking skills) 84AA3 33
ysndineansuazafifilolinseideyanisaiia (Mathematics & Statistics) wazaadnImy
fugnuluusiazanyie (domain knowledge) iosauufigiu nnassuazmnadnsandoya
¥30 Data fiflogiutes fauanslunmil o

) Machine 00 6}

Substantive
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awiuldhmansmeduinginisdeyatiastiufunsianistoyafifuusina
1A ﬁ?iqmi%lé’uﬁﬁagaﬂ%mmmﬂ6] Hu aunsavhldnansds wu mslduvuaeuansly
AvadouRaUAInIL N3V log goenineuluusemidnlud susuduledansg wiensld
etnugashnnfiudeyaaninuindourieg wazdsteyatuiuluifiveglugiuteya
Tngsiuiaiednsdumediin dslutlagiuimalulad internet-of-Things 38 loT a1y
inaluladfvinligunsalsineg orfiduleuiees nieiaiedldluingnsg aunsadouse
duwesidaliegradivszdnsamlaidnundunumddy ludiauszdnTuvewysdagg
vanidedlld fonsunfweunelulad loT avdsmaliuunateyaivgmuisuluindetng
Sumediiniuiinugaduduniqu lutagtuiinsiimalulad loT luussgndlumans
application Tuﬁﬁawaé’haemmiﬂizqﬂﬁmﬂiuhﬁﬁm%ﬂ smart farm uazn15UsEeNAnIg
wAlulagn1snTaduspfieuazuiIsiou

o) M3UszEndmAlulag Data Science Uaw loT dmsumsugninlalasiuiing

STUUNBAT9R38Y (Smart Farm) umsvinnsineasasielud (Modemn
Agriculture) AifinsihmeluladansaunadnudiofinussavsnmuasUseansnalusunis
nsnunsliity lajdﬂﬁ]zLﬂuiuLLdﬂJaaLﬁmamamiﬁgqsﬁu anninensfildlidosas uasiiiu
AuAMYRIANARTABITY GannsfierussqanssouzmandsnTuasdesitoyafidutiagiu
dielvinumsnaviedvhmainunsanansaldansenslulfinuuasnaivangadlimdodi
sudaunsatesiuntounlunuasdngitvlaog1aviuviae Tnensviunesseiinidiondn s
FINISNUATLUVLILEN (Precision Agriculture) welulaBiid daydmiussuuinunsdanieos
Ao waluladnisioudevesassnds (oT) maluladnisianisteyavuinlvg (Big Data
Analytics) inaluladUaya1useRug (Artificial Intelligence) waginalulaginginisvaya
(Data Science) uenniszuuinuasdanioglifiowmludselenidmiunmsinisinens
ywalngiy uwidiannsadssndldduiunsinanuesiuiiuiisdalfguiy wu ms
Ugniiwwuulanseluiind (Hydroponics) 1usdu

nsugniiwuulenseluiingd iunisugniivwuulsau (Soilless Agriculture)
firelifvannsaldsuansenmsuazildifui Hunalifiesyivinldegesndiuasd
mawamﬁqqﬂ’jﬂmsﬂgﬂﬁﬂﬁé’fﬁmwﬂﬂa aﬂﬁdliﬁmu%aﬁﬁﬂﬁmmaami%ﬁﬂﬁmiﬂgﬂﬁ%
wuulanselufindUszaumnudusalafe nsonlalduaslianuguasieudasugniiy

msUgnitwuuulanseluiinddvaiey Wunsthweluladansauna lngame
ogdunaluladnisifeusovesassnds WunviglunisguaniunuguaaninuIndenves
wasugnitalsimngaubelu TnsesdUsznaviiddyvosssuunisugniieludnuaed auso
weeenldidu b daumdng feiine

® lsuseudmiulandn Fauvsoondu e vielvajaie

Nutrient Film Technique (NFT) 10u n1svirsnsugniisuuuaiades
waglihnfiarsermsinadiusiniieludnwagidunnuuieg (film)
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° Deep Water Culture (DWC) tdun1stisinfisudluinanseinns

aaeaal lngazinisldsendoudnluluth defvesiziae
ADINITNITALATIHININ

Ebb and Flow %38 Flood and Drain 1un1sugnituiidmualisin
figldudaniousivinduniaiat Tasthaisemsasgnudeslui
aaugniniielianualudl vmnduinfezdes Inaadlufigns
Authaununans fadunatasimi e tud Wedwhngulud
ﬂﬂﬂUQﬂﬂTﬂaﬂﬂ%

® asavnedueastiany (Wireless sensor network)

° Wuwes dmsuingamad Audu Araudunsndis wazay

Wuduvesasomng Wusu

vasalulaspoulnsalass wu Arduino Wag Raspberry Pi
qﬂﬂsaiﬁamﬂ%fma WU Wi-Fi, XBee, NB-loT wag Lora wJumu
gunsaldmsudsuaninuandes wu du siaau nldesadng

waunandudmnsunansalazAluAl (Control application)

Tnglulasesnudiegraiesuigludiui Wuszuunisugniivuuy
lansolutinduila Nutrient Film Technique (NFT) A9uaaslunIni m aua1969d

AN o andnaesnisugnitviuulanseluindmiemeadia NFT

Fedunuulsasaunlduaznnsiuvasasavnedueestsanananaly
ANT @ WAaTNINT & MuaIRuRIse Ul
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FARM PROTOTYPE

LED Lighting System

loT Device Box

loT Device Box
Arduino MEGA 2560
Sensors

Relay, Power Supply

Fans Cooling System
2x USB Brushless Fan

3. - Fans Cooling System
LED Lighting System
LED Grow Light

AN & ansanssusuuvedlsasaulanselulindniounanssiunigunsnineg

CONNECTION DIAGRAM

______________________________________________________________________________

SENSORS & CONTROL
(END DEVICE)

SERVER & CLIENT
(COORDINATOR)

i

WIRELESS

(@)

AN & AINSINVDITEUULAT DL T ULDS L Sane
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nann1sviuesnisugnitslanselulindviia NFT a1u13003u1e
A1 lassil
el o 4 Y A dl ¥ b4 I b4 d‘Q gj 1
o. nasnsunaienlamigld unldludigdannfndeegluain
vy wazfndssruuduees wzaunsalliiieine Beufesuds iimsdudmyuudigssuy
@ € 1 v o a 1 . A oa gj 1
. Wugetdwloyaninlaluivesn Arduino Nufndset
an. Arduino d@4Uayan1u XBee transmitter LUEY XBee receiver 9
Ainfeag Ul Raspberry Pi
@. Raspberry Pi ¥N15Uss1aNaazhanINauuwaUnaAtu
& grimsinuasidlunivanvunesundindudeddaludigunsal
IR Raspberry Pi, XBee, Wy Arduino ANUAIAU
o, dmfunisaruAukuudaluda gldnuaunsamivuaanud
(Thresholds) veamngill el Raspberry Pi dsdndanwasotnedugesiians luila
Waay wazliiuasainalalnednluii
Fasyuundnausilazdrsliinuasnsiideyanvainnaigineiny
AnmMwIngeNYaieinn1TUan nwnsnsanxnsadmalulagmaineinisveyaunlelunis
Insdeyamariiiiediglunisnisasaiulavesdinlalasluing auaununm nandale
agaliusEansnwsialy

w) n15UszgnAwmalulag Data Science wag loT #1%5UN15M523TUIAANY

wazudaioy

Sadfointuldanuatsanvg wu 1Aafeinsssued inainiadosdle
wesldliin safensfnaniilenywd fasfaziinmsmuuuardosiuudfdilsiannsa
flazdudsnafndadevionisinliindldtomalunaisguuuy azdu mnduglilnd
Lﬁméﬁuﬁqﬁﬁwﬁmﬁqﬂﬁaé’@mmmuﬁmlﬂlmﬁw%amm%’qLﬁauﬁﬁmL%Lﬁaﬁ%mmsaé’ué’%
maAalilvsilsognsniiiian JuinmsAndunisusegndldinalulad Data Science waz
loT Tunsflazthsdruisanuazainuazauvaoadslunsnsiadudaises lasszuvagld
USRS RAEBUALYY LMae Precision Centigrade Temperature Sensors Fadu sensor 0
gungil wag MQ-« Semiconductor Sensor for CO/Combustible Gas A sensor 13399V
finw Carbon Monoxide(CO) uazfaiidalylls azasraduanuidutuves CO uazfeiiaaly
Ieluenie Tneiaesedsavinauneldssuu Tulasreulnsaass Arduino fie Open-
Source Platform d@sun1sasissiunuunedidnvsedind lnenssuiun1sinauvesssuude
lefimsnsadugumgiinazfneiiuandlsindinisinveslividensiinlwlinilussdunilsazsin
mMsudafourueseTeduwmesidnludmeundinduvesildnunazdldaufaunsaviinig
waalUganntauinas

Tuanumsalunfgunsalanunsansinduininmdslnivielilagldtoyaain
WURRTAINAT fo lwwlwesinguvgll wulweins19duing uaziwuweinsiaduanl
wulwosardsrfeuldluds NodeMcU tevinsdnduladnAnmmnasiniviels Tuns
dnaulavgldnisoysnunuuiled Taefvun fuzzy member set dwmdunsdndule « nsdl
Lo

o
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®. Fuzzy member set &w5un1siasigianuvukduvesaiuln uwuady
et en seFumLANLTUULLYesadulyl e sedfu dh Utunans wazgs
lb. Fuzzy member set dm5uitasnzfinnuseuvesoiniafiogluvies
wsluwuadunae o sedunuseivgamgll laun sedv iu Unf
uag 5ou
. Fuzzy member set dmumsiinsigsinnamunuiuvesuamlnignlsd
wladunest m ssiumuszesiiioarla Wud Tna Wilna wes 1nd
. Fuzzy member set @msunsiasgiaatugvesnisiinlnluduiady
Nt e szAuaunMsantudvesiil lawn ldiialnlngd enazialulny
way Anllwel
VINHANININIATIZAYRINToINULUUTBTasURauAnmasnl szuuay
insdetayaudaseuluds Line Notify voagldau (laifiAnldgrelunisldusnst 81ea
1838370 https:/help2.line.me/line_notify/web/pc?lang=th) Lﬁaiﬁr;:ﬂ%mumwaauiu
USLINAINa1 nserinsuisludeaafaumaslaiuiag seazidenvesnisaiuauay
Julusannd o

LII\E Notity

& dedniildannsensorluuszunana

AN 5 NFOULUIAANITVINNIUYBITEUU

L% ' 1 =

=t a o & | P v o 1% A o A a Y
Feszuundnausilagtiglilunisuindsugingiteulelinudssnaviindnddelaeged
Usgdnsnm
Y 1 = ! < 1 S .

31nfegennausiiuladnnalulad Data Science wag loT @11150
inluussyndldlalu application ainuane uagdsnagauuegraaniedddlifaysunn
ToyaTIIuIMIAaTE AT TIEBUmesln dudurantitieduaiuiimieenslg
“aevestinIngInN1steayanavinesdnuininldlunisinssiteyaiieliinanudila
wazaninsallussendliiinusslevlogsgegalaognefiussansninsioly
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. NTBULUIAN VIDIIYALLIYANIUNALA

el Fouldifiunmnuimuagesmaninidneinsdoya manmedideld
wademimuneendu oe shiiendng InsluwdazidoarldinaseurudonsiSouns
aeuUsyann o 9119 d1uBn b ‘Zf’aimﬁL‘%ﬂu%ﬁaqﬁﬂmmmmﬁLﬁuLau MLUURNR 1
quiz ¥landnisturiemsegslandannsdnumaug sell Faeasdesluunaziade
awiasialuil
. MM 3loyanoeyls
T,m81%‘1/15%Lﬂ%'uﬁqmmwmwaﬁwsnmﬁaga‘lmmzmamqmﬁam

Aarolull
o MM ITeyarioarls
o N5EUIUNINIINeINTTeyatozlstng Ussnaudetunauesls uiag
Tupauilanudidgegels Fanszuiunsnmuaasnsaasuldnuansy
AN o
The
Data Science Process
Ask —————=e What is the scientific goal?
an interesting What would you do if you had all the data?
question. What do you want to predict or estimate?
How were the data sampled?
GET e Which data are relevant?
the data. Are there privacy issues?
EXPLORE Plot the data.
thedata. = Are there anomalies?
; Are there patterns?
MODEL Build a model.
the data. ° Fit the model.
Validate the model.
Communicate ' What did we learn?
and visualize Do the results make sense?
the results. Can we tell a story?
Derived from the work of Joe Blitzstein and Hanspeter Pfister,
0 originally created for the Harvard data science course http://cs109.org/.
AN @ NITUIUNITNIINGINTTTYA
o lUsunsulnseudmivamaniniinginistoya
WUNFYY15UNU BTo-o/o-ve i oo
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. NMSNAILITTUU Data Science wae loT lagly NodeMCU

Tuunilagyafen1simuissuy Data Science uag 1oT wialdlunsiivdeya

wazihdeyatuluiiuuu cloud anudaensievesszuy loT

Lavdeyey

o

s aal o

e NodeMCU/ESPRlb oD Lfﬂuua%mlmiﬂmauiwaLaaimmmumwaw

E)‘lJ‘WGlLLa L@’]G]WG]E‘WVISUL‘?JE]&JG]@ﬂUL%UL“EJ’e]iVNLLUUG]%G]E]aLLa LLE)uuﬁ’e]ﬂ
ey amamam‘ua‘dmmmmwmiwmmuimmmaqmi ﬂ’TW‘V] @ AR
NodeMCU 74 ESPeson WiFi lalasn

e Sensors
o WiFi/NBloT
. A S ' P <
e Cloud computing vﬁaLWﬂIuIaaﬂ’liUizmamauuﬂqmmeaL‘Uuﬂﬂi

UsnsmsUssaiana n1sdnnudeya ssuugiuleya seuudInses ssuy

. A a s & Ao 2 a a a =
data analytics UuLA3BYEBUMBLTANIAINTINTY HUsEANTA W &
ANUEAEUNINAIINITNILAARINITUTNTNIMAELMETUWATEN server
va3nwed Jalutagtumaluladilmdiundunuimduedgtsuinluid
qAa o w L ! a a v v d'dy g ! =<
FinUszdrTuvesyvdogravaniedldls Ingluntisnzendiegiafians
dwnalulaginenisdeyaluuszendlduy cloud computing wiauvs
srylafuazUaidy weduay

o Data Science uag loT Security Tullagiulssnugnavnssudnwinannta

1115%UU Data Science wa loT vi3edumesidnyszaruassndsnldly
Tssnuiflefiuuszansnmlumsudalintetu vie lunanirFoufding
1158V Data Science way loT vilvaunsalluiinylindnag a1u150
AnsodeansiulfiiloriunnuazainauisluTinuszdrfu edrslsfinim
gunsal Data Science uag loT ﬁ’jmmsjﬁaﬁﬂagmwé’mmmﬂaamﬁaagj
Ma1eUsEnNg 017 LU MNUMAINVANEYBININTFILAIHA LTI
muAxliansaeeninsnsanuUasnsisiinseuagalinnunsgiu 1Un
Tomalvgflsivszasdianansaiazitiunlussuuiiierruaugunsal loT
iU TRl szassAdeanisld Wy nsdsligunsal Data
Science way loT widnillaufiuuy Distributed Denial-of-Service (DDoS)
iesuitneurneioafiovligldnulndliannsatildnueieusidne
tuldedneiinsandu uarduq Snuinune dsdulymanudasafoves
$¥UU Data Science uay oT ddeifudsddnyiisniufomseniniseg
iavaidlaiiimsfindaiiiszuy Data Science uag loT wldludinuszdiu
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F D '7\"':"- ,
' P ﬂéy

2 O
O

~
=
-

A0 & NodeMCU
11 : https://netpie.gitbooks.io/nodemcu-esp8266-on-netpie/content/chapterl.html

. N5IANTSTRYARIE NumPy Waz Panda
Tuuniagyadsn1sld library Numpi ua Panda lun1sdnnistona
o Jupyter Notebooks #inagls
e NumPy
o NIAANE: NTAATIZRAINAIBAITIDN
e Pandas
< MvhAnuae1ateya (Data Munging)
Tuunnadeyafiiuldonnasivisduilinsuiu fdefianan Tuuniagyn
5@ﬂﬁﬁwmmaza’m%'agaLﬁaLLﬁlﬂJﬁmmmmﬁu
¢ Data Ingestion
e Descriptive Statistics
e Data Cleaning
e Data Visualization
e Frequent Data Operations

&. Data Visualization with Matplotlib
nsunauedeyalvgiiaula wWilade LLazﬁammiﬁQ’Waau%ﬂuﬁaL‘fJumam%

Y
= ]

nilsnfaudfyediannlunisinginisdeya iuwﬁﬁ]wﬂmmmmmﬁﬁgﬁlumiﬁ'}Laua
Joyalagld Matplotlib uaz Seabom library

e Definition and Importance

e Effective Visualization

e Case Studies: Good and Bad

e Principles of Good Design

o Matplotlib/Seaborn 18 library dw$uldlunis plot Ml « wansiegns
971nn1519 Seaborn library Tun1s plot
Laéuﬁﬁfgfm%’uwu BTo-ob/lo-oe NI @
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o. Exploratory Data Analysis

a v

na

Wisladeyauuds dmiandAyfonisinsendeyaiiioliidilan nsiuves

ToyanaudryiiNTinsemidedn ddduuniazndnimsimnegideyaluileswiuniouis
gnIagNNIARN

waight

horsepower

mpg

BWE g & s

e Exploratory Data Analysis (EDA)

e Data Types and Visualization Types
eeD, bD, D+

o Case Studies

mpg

P pE D p P O

&

horsepower

S & P P LSS PSS

wainht

Al & Free1an1s plot Ineld Seaborn library

fian : https://datascienceplus.com/how-to-make-seaborn-pairplot-and-heatmap-in-r-

Lavdeyan

o

UNU BTe-oo/b-oe

write-python-in-r
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. Introduction to Machine Learning

naeansAieTeideyaluissiunay Yuidfynganenisuiluinaiiie

(%
=]

A
Foulosanuduiusseninedoyauaznadniiaaule dsluunilisnazyadanaluladnig
Boufvenrdesinslagld scikit-learn library
e What is Machine Learning?
° Examples applications
° Categories
e scikit-learn
e Supervised Machine Learning
° Key Concepts
° K-Nearest Neighbors Classification (KNN)
e Hands-on
. Model Selection and Linear Models for Regression
Tuuniisagnafuumamadenlunanisiouiveseiasinaiiotnldly
nsUymnisannesvasdeys
e Model Selection
e Linear Regression
e Gradient Descent
e Polynomial Features
«. Linear Models for Regression
Tuuniisazduiinislilumadaduddod ulunatiugudunisunis
widaymnisanneevesoya
e Regularized Linear Regression
° Ridge Regression
° Lasso Regression
° Elastic Net
e Robust Fit
®@o. Linear Models for Classification
Tuuniisezduiinslilueadaduddedulunaiiugiusunislunis
widaymnsduunviinvesteya
e Linear models for Classification
° Logistic Regression
° Linear Support Vector Machines (SVM)

e Multiclass Classification

o
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®@e. Feature Preprocessing and Feature Selection
dnuazianizvie feature LWy input Ad1AgyAiazteuwdigluina dusild
feature Alsifiannin Tunadléfaglianmnsnvunenadnsldoredivszansam Tuuniae
ynfa30ensiAsest feature ouflazdouingluina
e Preprocessing
° Scaling
° Pipelines
° Feature Distributions
e Categorical Features Transformation
e Feature Selection
eb. Model Evaluation
1uwnfw1gm§wé’nmﬁLmﬂzﬁﬂizaw%mwmﬂimma
e Metrics for Binary Classification
e Metrics for Multi-Class Classification
e Metrics for Regression Models
e Optimizing Estimators for Different Evaluation Metrics
@m. Support Vector Machines
ELuuwﬁj/%mmﬁﬂmLmamiﬁﬂuijjm%"aﬁ'ﬂwﬁ@ support vector machine
(svM) Fafunildlulanafiuguiifimshluldegunsvans
o (Kernelized) Support Vector Machines
° Support Vector Regressor (SVR)
° Kernel Approximation
e. Trees and Ensembles
Tuunifagnaidlueansidoudiadosinein tree-based Faudunislulig
Nuguiiuszavsamadeuaziinininluldegsunsvane
e Decision Trees
e Tree-based Ensemble Methods
° Bagging
° Random Forests 18 tree-based laaauuu ensemble fil#Suaana
Jovegnagaiesnniulunafiiuszavamadeslunmsdunvie
dopdeyalnglifimnududounnntn il eo uanwegrsvaslinng
Uu Random Forest
° Boosting

e Stacking Ensembles

o
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Random Forest Simplified

Instance
Random Forest

Tree-n

Ciéss- A Clalss-B Class-B

| Majority-Voting
Final-Class

AN o MA@ Random Forest

i - https://medium.com/@williamkoehrsen/random-forest-simple-explanation-
377895a60d2d

e&. Imbalanced Data and Time-series Data

' 1%
aa a v Ao

fivanensaideyansfiduiidnuiuldvinduluuday class luunilaznnds
nsdanisteyalunsaieyausiay class T91uauldmindu
e Imbalanced Data

e Time Series and Forecasting

a

MRIINNELSeUlMSEUATUN & UNUAT HiT8udAai1aafaIuInlaun

Y

Wawnlassnuidendneinsdeys lnegisoue1vazlidoyaiiUamedoansisuy (open

data) wievinsiiudeyaiedlasldinsedns Data Science wag 1oT Ald lAsesauideiiiase

waazgnussiliulaegnssnandiiielifiseuliiugadounazgauivedlassuveinulay

9 Y

ndaiauenlasuiluusulsanetluimudesanlassnuliaiunsainluldanuasdiiing

Uselgaumaly

o
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&. NPEYITUVUTMITIANITNTREUNNSERY (Learning Management System: LMS)
dean1sisunisaausaulalsluuuliafiiie Udunus (Interactive Multimedia) waz
VulednnsiSeunisaousaulall (e-Learning)

&.6 ANUNUIYVDY e-learning

e-Learning 3@ Electromics Learning fla nai3eu nsdeuludnus viseguiuy
Tafld Gansdrevenieniiiu nsgviirmunisdedidnnselind 1wy .3t umesiia
Sunsuin medryanadnsviend vide dyanunaiion (Satellite) a1 Wusu Fsnsi3ounis
aouludnuardlddnisiudduszmalnedoud? wa vens lnsfguialdidaniads
aoufiumedifielsaSeulng Wedeanisasdenledsaudousis o lulssmadrdetulneniy
waluladdumediin ileduaiunisBous desnnsensns@nuliiinisiusesmsAnmmislna
sinBumediinegadunamsiausicud e eecx dwalinafvlasvomingas e-Leaming
fsnsnadvladusiag msensinwmslnaliifissnzssenuagmnuazideuss o
AorlssukdIfignwgyselevidlvnuandunsfinulukivean1susmsdnn1saneie

e-Learning Wumsldimaluladideglunietedumesiin afrsnsdnuiil
Ujduiusuaznsdnuifinunings Agaumlanianuazainuazaimnsadnfldedis
9052 lidinaanuiiuazinan ilunslaussgmsAnvnaeadinliiuuszeing (Campbell,
o)

Uaq0u audrulngidnagldenin e-Leaming AUN13S8U N15d8Y Y3003
ausy ¥ malulagaeaiu (Web-based Technology) lumseneveniion saudanelulad
FPUUNNTIANTNENEAS (Learning Management System 138 LMS) lun1susmisdanisau
AOUANUANG 9| Immiaumﬁaummuw

e-Learning dannsofnuiiomludnunreoulal vie 1nusudi-sen uas

[y

fiddeydndrumieie Womens 9 ves e-Learning anusaiiauelnsordmeluladdaniiie
(Multimedia Technology) tazinaluladidalaneau (Interactive Technology) A9 e-Learning
fuficifl#lalndiAssiusgratedutu Distance Learning (MsiFoumilng) Computer based
training (mﬁlnamulmaa’]ﬁﬂmmﬁaLG]EJ% %39138n71 (CBT) Online Learning (N13138UN14
Sumediin) udu Fufy aguladn anuvaneves e-Learning g '§ULLUU5UE]\1ﬂ’1'§L’§EJu’§G]’JEJ
AULY laeo1AuLATT18ABUNILADS maaaaLaﬂmauﬂaiumﬁmamaﬂL'ﬁama uaz Luam
TngannsaiidelunninaveuniSeuldius o Fotuly waznsSeunmsaeutuansaiias
aglusUraIMsaouMaLAYT Msen1saeuluuUfduiusls lnvdrudsenavdAylunisasng
NMSIRBUNITABULUU e-Learning AD AU (People) NTeUIUNTT (Process) wagkandn (Product)
Bonlagsarin feny (Pe) Ssanusananseant iy uaunmsIuves e-Leaming K0l oo
ail

o

AUNFYYITUNU BTo-0b/b-56 W oc
LUU NNUd. ME-coen



lasamsiaugudnanisiseudimalulagnidva

Khan's E-Learning P3 Model

Individuals Involved

(' individualts) ) =>

( dividualts) ) =>

© Badrul Khan

O

Development and Delivery

Content Preparation

(Analysis & Planning

C

( Development

C

Design

Evaluation

YWHOO

.

.

Content Implementation

|(—)

( Administration

C
C
4

Gnstruction (Teaching)

Maintenance

Marketing

Sales

0008

\.

\

ﬂ’]‘W‘ﬁl ®® Pen Model

=

Deliverables

= )
-( )

-b( Learning Materials )

Project Plan

Storyboard

-b( Revised Materials )

i;| %‘{

JJD
mm

Course Delivered

fian - https://elearningindustry.com/continuum-in-e-learning-people-process-and-

o

product-p3
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uywdiodudsuddylunszuiunisvesnisadauniieu e-Learning lag
afeliuniSeu e-Learning anunsanavauasiunnngudinuny nszuiunishunisimun
uniseu e-Learning Wuldsnsainnisadesiiisnduaaudniiauntuldiugnn msisusu
lumsasitunuldaunsarilalaglidinisununsensiiaseyd farsanlunnseaziden
gnF9g1gu N1INAAY M1A1N LU11aAEITUTIUIUNTOVUIAYDINBINIGNATRABINIS
UYL UlUNITANRUNSNINUAGILAAUIUIUIATINITTINDS T LA Nag tglun1sasns
v ') < A ' vy & A a % A | A ¢ a ~ )
Unuauuaasa Wenneglaveazliduniseuiosan1uinagsawuuiuideinseiuaiiy
ABINIRINa? (Meeanuuuluudazdy) menanvisengullun1sesnwuy JSumuineas
(Hai19) azsuaniunislunisneaiiediuding 1y susuuiaidesnaauiinliesnwuuly
warliTanmuuuuiiurideatu wén, I, Yu, 85, vae, 7a1) ssenszezaitunisneadns
aniinidwestnu (gnA) vseyaradusinlldadmihnignngitesnsinn1snsisaeudn
o a 1 [ % I a ¢ a = 1 o a [ < & [ 1 4
nsanbunisneas1adu lusuwuunnid ednselaluvinusanenu Wunisguduinlile
SUAUAS1IMTONAUIUNIIEY e-Learning LB Us1ARINAISILATIZANITODNLUY LAZAIT
= . & o & A Y a & o sayva
aunu Tun1seanuuuuniSeu e-Learning U Uuiazfoliassniwaansngisouas
lesundnasadunisisou axls ﬁ;;’{L%auéfmﬂmﬁaLﬁ%’«aﬁumiﬁamazmmﬁw‘%aﬁﬂwﬁ
Aoin1slidseulaiseuuartodninme q Nenvasiinvulumasowns luSewewmalays
WAZLIAT UNEDNLUUNISISoUNISARUTIFIvinuaiisudulduaniviinlagazdagldiia
MANNNT e way wada ielun s uiuuresuniey (AReAURUURNNLTYI) Wi
FWTINTwazdgalaTaTmaztayand1Ayagld lunsiauivseadisuniseu laed
Y 1y a Y = d’lj 4 [ a < 2/
Uniawunisey {lsuneasideaveailon, lWswnsuwes, dnesnuuunsiiin Wudu) 9
ALun1sae wagimunssumuULuuntnesnuuunsseunsasulaiall ey
MNIPNUNTORNKUULAZILEM 2eATINERU uazUsiliuanugndesvesileminitauesyly
= ~ ¢ a a o o o = =~ A A
unieuiioUselevasanvesianssunisiseunisasy 1ulufeds viainsesdieioanuuy
Mg Seuariouanudalasounn WeunieuaiasouiosuazladeroludafiSe e
ASLUIUNITIIEUNIS @BUNLNATIVNIASI9199¢I0NTEUIUNTLSUNITADULUUNAUNEIY
FENINMBUTIUUNALAZUNITEU e-Learning A8 TNBBNWUY N1SL38UNITADUALLRBNNEY
Ai3euilonaaalsuuNTEuenTIIdaUNIgAUANT BB N SRR IATU ¥ ANS A BTy
folu
NSTUIUNISIUNTHAILN e-Learning a8 dunauaLanslunIng elo LauA
YUADUNNTIATIENIUADUNITINMAY TURDUNITODNLUU TUABUNITHAUT TUADUNITHIEU
warnISUTELUNE (N o) NSzUIUNISTIrUatidunszuIunsmdudnwuLYDIN1TIUT
HoenwuUkariuIagaefuiltauAniu et uilousulse lunseuiunisveenis
W uniseu e-Leaming foanuuulag Wau1AIsaziin1sindenaneiuliineItasdu 9
d{' o v d' Yo o a dl> g dyd o < ] v
et teyaiienaglasunnldlunsusudsaunisey Fammueiiiinnuddy Juegaunniie
WMAHANIAUAIINABINITNNAIN A8 VR ISeUNfBIN1TazlduUnTeu e-Learning Tu
USUNTND19LANAT AU (1TU N1FITUNULAENITIATIZH LTUAY) Beineenuuunas
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ATz ResAleisuseiauaina tneluniswaiun e-Learing agaidiunisanu
Funousinanauaiadu uniieu e-Leaming Aaunauateauysaiudezinszuaunisly
nsUseLiiu mmﬁaﬂ%’uﬂjq (ilouly) %amiﬂizLﬁumaﬁfﬂzé}’aqaﬁuﬂqﬂ NIZUVIUNITVDINIT
WAUIUNLSEU e-Learning (nTzuun1siU “n1sUseiliung” awimgaginﬂ%gumaumaamwﬁ
o) TuunNssu e-Learning AUAgdd U TUNTEUIUNITVBINITHAIUIUNITIU e-Learning
AU-NSTUILNS-UMSEU fxflauseiiies wazduiusiu vie waun msIuves e-Learming
anunsafiarldiiedunuanmieurunmAuAnsIUEeAYeINISIASELLE e kAT A1 51N
um3eu e-Learning tUldau nszuiunisves e-Leaming aunsadwunaanlaiduaaingy
u (o) Mswienilom waz (o) msvidomlunaaedd (nil om)

AT elo NTZVIUNITHAIUN e-Learning

Delivery )

© Badrul Khan

fian - https://elearningindustry.com/continuum-in-e-learning-people-process-and-

m © Madrut Khan

(oo QU

AN @ WNUATNAIILANTIVYEA e-Learning
111 : https://elearningindustry.com/continuum-in-e-learning-people-process-and-
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Tngasumaiinturesmealuladlyisasli e-Learning Wulaldogremnigs
MsooNUUUTEUUNMISsuduuulauaziuunsratsanuddmivgisoumnlaniedudedil
Anuvime egalsinny Adiddgyigadmiuantunsinu visssAnsfidaliiinisGou
A5ADULUY e-Learning AonnsdanisAnuiidanudavguliundSoufiunaniuszina
el Foulinudiinnn Tusezanunsmirludssgndtumsvhe daousosusualidnty
FiFeuidanumainvatsuaziinlvgiseulddn Siaszsidhe nslddedanu Taedorana
9199ziunnansruUMsBsuifanudengu wirflanusavils Wedulselovd wagld
nuhentudniugFeu

&l FTUUUTWITIANITNISH8UNNTEDU (Learning Management System : LMS)
Learning Management System %38 LMS 1Jussuunisdanisiieadunis
Umsnsiseu Tuguiuy e-Leaming tledansiunisldnesawas (Courseware) Tusneian
#1499 Tngeanuwuuszuuiiaidurenduisiiviimig vsmsdanisdounisaeunuiu ag
Usgnaudeniesdiediuioninuazain wu Wsunsuagyimei asasasunisidnunld
unideu onn Aanssusng o msadeu Wsudldddnmseiing Fesaunun nszauaunoU
mMaviuuumaaey WUy wavesdusznouiididy Ae maiuduiindeyafianssumaSeuves
dEvulivuszuuiledaouammsahluiesgiiamunazyssifiunanisisounisasuldesng
HUTEAYSNMOIAUIZTNOUBITTUUUINIINITIT8UNNTADU (Learning Management System:
LMS)
aefUsEnouTes LMS Usvnaudie & dau il
o. JBUUINNIHANERT (Course Management) nauldnunuaiu o seiu
Ao fi3eu faou uazguimsszuy Tagaunsadngssuuaindlvu nailafld Tngsiiu
AdoteBumediin sruvannsnsesiuuau {19 way SuauuniFeuld lidria Tnsduog
fU gdauasuay Mo weiuasfild wazszuvannsasessumsldnunisivesgasiy
pAUNTY
b. TTUUNITES19UMTEU (Content Management) Sz UUUTENOUAQY
wdpsiielunmsdisaiiaien ssuvamnsaldouldiiatuundeulusu Text - based uas
uniseulu sUlu Streaming Media
. STUUNINAFDULazUIZIIUNG (Test and Evaluation System) H5zUv
Aastedau lneiduszuunisduiadouainnsaduainisindedeunaznisnsiadedeoy
Snluilf wiouRay 9189 Ua0H AzLUY LaradRnITSEUYetNREU
. SEUUdnadunsISeu (Course Tools) Usznaudeiaiesilonis q 7ild
doansszning fiSsududaou waz §iSsududiSou Wy esaunun (Chatroom) Tagasnse
Audeyamandld
€. 58UUINN15Uaya (Data Management System) Usgnaunle szuu
fanslniduazivained faouiiiofifudoyaundouduresmues Tnsldidefinuiifgua
SEUUNRUALIA
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Aldauluszuuuimsdanis msdnnisiseunisaeuuwiu dwsugldauly
$s8UVU LMS Suaunsofiazutsléifu o ngu 1éud dauaseuy (Administrator) fanuy
(Instructors) wag {38U (Learners)

&. NUEUIMNITIZUY (Administrator) vwdilun1sindassuy LMS ns
vunAEuFuYessTUY mIdisesgiuteya msfvundvsnisdudaeu

. ndupITEUIeda1ndoniniaiFeu (nstructor) vutilunisifia
oy uniFeusine q Whsguu 017 deyasiedun Tuilemn enansuszneunisaeuy M3
Useliugiseulaglddomey sy dnde n1slvirzuuu asiaaeufanssugiseu naud1aiy
wagaunniuinisey

o. NAEI3EU (Learners) mnefistinieu thinw fiasiasidrSeunasde
#19 9 Tauvisnsviuuuiinga muitldsuneuninsaingaou Tasen1sdaunsasiinis
wianduii3ould uazanmnsodesiarulunisdnGouusiayiuld

& Interactive Multimedia (faf%ieufdunus)
faAtiFeufduius maunefs nsldmeufinmefuaniwa Tudnuvusnaudevany
YUAA8AU IWEJLﬁuﬁﬂﬁLfﬂﬂiaﬂ’]ﬁiﬁﬁgﬁﬂulﬁﬁu Iiden wagsuilatayatniaisuiu
JoARUNIMBSIALTRYA KATU1IAITAN 9 TIUFULUUVEY FI8NYs JUNM el
Foe uaz 3ale wielwildaunsaneuld uasiufduiusivdelnonseld wazideinde
Sarfeunldiunsinendensenindedadiifedionsinem
AUANUANAN b Usens

[
wa A a

o. M3muaunstinuluauantinugiuvesssuudadiie Ao flddes

P
£

AunsAUANITUULATTunsumsaus i e lsidudou
0. mMuasalun1siufduiusfugld uanautifdstuimien q fu
fannnsiumelulagrenfiumes dedelrizouiausaldnouiuaeufiunesluguuuy
i 9 Tngreuinmesazihdeyangliluuszinana wielfifudeyalunisldney vienns
Usiiu FeagteliniFoudfenuesiiussansamuazinaulaty
JagduniseanuuudaniineUduiuslasunisimuivussuunouiames
Wgsszuuien iesnanuiivssdvBamilvinfionfunsiandewssmiussuueniaung
du q WilriauasmnlunsldnusumsSeunsaeuludusou vionsiSoumsaeunuy
sreuana luensdnwiiluidendeyseianian ﬁaaﬁLaaﬂﬁé’mﬁuﬁﬁamiﬁaumsaau
(Interactive Multimedia Instruction%3@IMI) i ammmaﬂgamwm Jusaiifefuiuni sl
Al dudauaunisdnaue nsideniduniaiu (Navigation) nsldnau n1sliaanug was
AanssuiiTluuniFeu guszasdiionsFounisaou waznsfineusudundn vieanunsa
ihluszgndldlunisimmuinisiSsunisasuiiclusasuenssuulsadou luniseaniuy
lUsunsy geaniuudedinuniimii sunalulagaeuiamesysannisiiniuiuidn
wqwgmmaumavamwmmmauimaawamlﬂsmmssm LAgELSHUAINTAAIUANEIFY
TURBUNITITEUS 1HENLTBNINTTISEY AANTIUNITITEU ATIVEBUAIINAININ UaENAFDY
Arwddenues fadowFeudsutunisdeunisaeulusuSeuuniiifendugudnarsuas
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Yo aa

Judrivauianssunisiseunisasu azuldiinisiseunisaeulaeldiaf e jdunusd
suREinsmuauRanssuNTdou msmugunadu wasnslatiujduiusfuunisen
FeavdsnansonsBeudusoynna warasandesiunguinmsousiiugGoudugudnans
asAUsEnouvesdeiafiify

o. 1oAY (Text) nunefis damilsdeuasdenuiiaruisaadislivane
sUnvunansvuianseenuuulidenmadeulmliaisany wane wazraulaldnim
Fasms Snedeadredemnuliiinindonlesiumddysy Fweradumdfumaniuged
vioTauduld M3undn lewedidind (Hypertext) Fsanunsavildlnenisidudsidnus (Heavy
Index)itelyiEfldnsuiumisiiazitngmedute demnu amene nidvimivieidesing q la

b. 71NN (Graphic) nuedia e amidey visdnauslugUlensu
avnsiintuindudsddnludouszan iesndudsisgransniuazanualavesuy
amnsaadeanuAnTvgenldinimslideniny wazlfifuradeuszarulunisdenles
vanefialdegnahaula nmwnsiinlfludeuszaudeoaliiuinn o suuuy fe

b.o AMNTANWULTNLIY (Bitmap Graphic) 3ei38ndneg1amiladn
Raster Graphic {unaiinflas1sdulngldnissganin (Grid of Pixels) lunisansiinuuy
Inuuy %L?;Iumia%’wﬂajmmammwLmuﬁ%L*‘ﬂumimmgﬂmwaﬁmqLﬁaLi‘;JumWG?Tum
nsutlavievfuudanmisfunisufluadsarqnniwlfifionnuasiBenlunisinenu 4o
Ifuseuresnsiilnuuuiiie anunsauansnisldinaduazidiedreidesununedmiu
anusnmanewarauAading q Iiegsaeay uwinmuuudnuuuidesifnesrmilefie ax
dudusesndnilovereninlugtu amnsiinuuuiiasifeasiede.gf, tiff omp
bl AMNIANKUULINABS (Vector Graphic) 3ai3andnag1anilain

Draw Graphic {unsiinduauuifiasratunngunsdasiuegiugnsndamansnimnaiin
v dududouiuua uaslienuaudnmevenelvgiu Sanngdmvenulssanni
H94n19.URIULUAIILIANIN 18U NINIAAT8LEY N15aFI9FINEILALN1TEONLUUAT
Fudnwal Amnsfinuuuiiariideawiede.eps, wmf, pict

o, A iadiudy (Animation) unmnsfiniadeuln Tagldlusunsy
wafudu (Animation Program) Tun1sa31a 151ausaldnndiannainluswnsuannnn
(Draw Programs) #3aa mann Clip Art wldlunisassnmedeulnildlasazain lnedes
duduneunisiedeulmilazamdne wiildaussourvedusunsulunisidsanmivaniuli
Unnguiudunmadeulmiitelflunininaue

<. nnadoulnauuudaval (Full-Motion Video) 1 un1syiiaue
amdeulmfEnIIEY mo MndeuTiseAuANTngs (MAlH ee-be nmreTLTIY
Hunmeudadnguuuunmmeadoulmuuuifiimiazdesdanmaeusendesiavienl udads
Fasorelusunsuaiianimadeulin 1wy Adobe Premiere war Ulead Video Studio Unf
wilrld nmdnuaziasivunalnginn Sufesanvualidlidnasiensiéineaianisdusa
A (Compression)3unuuildlunistudanily léua Quicktime, AV uag MPEC o 19y
WHUTTA MPEC b Tdiunnu@if wag MPEC « Tdlunisussgunislnasniednviaias
Streaming Media
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& 1@ (Sound) (@esiltluadiiAgliinesdudemn doanas vieides
Bifindsineg azdesdaguuuuiamsiiiolineufiamesanunsairlonazldamls Tnsnis
tuiinasnouinmesuazulandesinszuuueurdenliiduadva uiAusuuuudeeditenld
il o gUnuU Ao 1wl (WAV: Waveform) astuiindssasadudeunasasduludounlng
wae fi (MIDI: Musical Instrument Digital Interface) iunnsdunseidoaiioadado sl
s Feilifivunmdnndilidion winuamidsssdosndt Tulligtuliddeedideul gt
ogsunsvanednguuuunile Wesnnidulwdunednnitnnie MPa

. MIUFEUHUS (Interactive) uilunuandandaulaniduniidedun
fdannsalineusvdeldmenuies uasideniivsdhgdiulndrunisvesnsiauemuniiy
fanelald el nmsUfduiusanansndenderuesdusznouvesiaffiieviama

unumesdeliafiife
o. AofAATiFeilonsiiauedeya
©. ﬁaﬁaaﬁLﬁﬂLﬁamiﬁau%ﬁwmuLm

o w Y

Audnuardfyvesdeadilis « Ussmsvesdedadilforiienisisousse
nuesanysal Tun

o. Information (a1sauwme) wneds Lomansy (content) Ald¥umaiFoy
Goadndued1ed deilifiSouinnisdouinioldiuinuredamisedislaiifadisls
fvuatnquarasdly Tasonvastiauaidomludnuneynmsavidomsoufls

. Individualization (AMULANANITENINYAAR) NTADUAUBIANULANGTS
sewinayanaianinyainain adtlyg aruaula ﬁyu%mmm% ﬁaé’ﬂwmvé’ﬁmmaa
roufiumastavdeu lnugiisurriidaszluniimugunisisouresauies sauvenaiden
iULLUUﬂnmm"amumuLaﬂm i aansamuRuiion muaudFUTeN1EEY ATUANNTS

ANUAUR w30 nsvmaeuldusiu
. A | ay o & A Y a a Y a
an. Interaction (N138Uduus) e niTeuasiinnisisouilaeged

L]
a A r-ﬂll

UsgAnamundetu mnldinisldneunieufduiuituiaou dadu desfaddideiiio
msfnwfleenuuuinuegsiandossliAnmslinousswineiGouturonfiinesde
aouahuaiflesuazmanaisunidou Moy nliESeufisusnanudeunasluiagn
lifednduujduiiusiiismedmiunstoud uidesdinmsligSeuldldnaludmvesnis
AndazsiuaradisassiiielildindfanssunmsSouiu 9

<. Immediate Feedback (natloundulasiuil) nslinadounduiiudsd
Flineuiinmodvisaeuwnnscluantaniiie-Snseudilng delaiinsdnaueidiom
Aendudessmvesdeing 9 uildldfinmsusaduanandlavesiifou lidaveglusuuuuves
Msnagey wuuiindin visnsnseaeunudnlalusuuuulaguuuuvils Seilkiaaide -
FAsoumantu gnindndu fadfiAeiionisinauedoya (Presentation Media) lile
ABNTINOITIUADU
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d v ad A

ToRvasFedaniling
o. TenseAUlgseuinnNaulanTy wardwmalinanadugnsniams

4

ho)))
2

=
LIYUNTVY

. dnllngideadfidednfivluguiuuvesdison dodenafiuinuinas
HEAINABATNAN

o. fiFuannsaFeusldshenuesnnusiomnis welns nanlwufls

< luthgtuideiaififoiAntunnne §Seuannsaduaivnarud vie
assldiadlaing

&, fiBvuannsaindunuuiindn vemenufifaninaindeldlidida

o, Wunmsdaasudetanfinelrtinsiaundes 97uly

o, Hroutaumihitlumsasu vesdfaeu wasdedlivliAnnmidaiou

Usziiiudeansiiounisaeusaulatl (e-Learning) iWufiaulaveainiduiy
F1urunn iesnnifudsiideudidlva wazdinansznulursnisediny Tuln A beee
flanAdefmeunslng Weerasinghe and Ramberg (woow) naniintladefifinadustiauin
fupudniavseaudumaivesuuissuseulatlfonisesniuuaninuindeunisisous
poulatl uagnisinauailemdmiunisdouideasedalasadudoniniatous
(Structuring Learning Content) 1%l o) mimemaaWﬁLLavamﬂivammilﬁau%’bmumu
vosunLIoy b) Fndrdudomnisdeuinuiiszylilundngns o) wadommaFeusidu
MgogluuiilaTaasng @) Fudumseaunglumdeiitnu Sinmsadradulednsdon
nsaouseulall (e-Learning) maﬁmaﬁwﬁﬁaimm%wLﬁammiﬁauié’u%ﬁwam
AudNsIveisausoly
WANANIUIILVRIA Tulsemalvednuide wavineridnusvaisaty

flasiufiluAnuanauduluvesmaiounsasuseulat (e-Leaming) lnsiinguiiegisaglu
Uspinalneg wuranues uameiund demnumes ulne. eeon Pnasnsaiming1dy
Anwides Uefeiifidonadugrinisnsdoussulaiifiedd unsFounisaou Tasyjafnw
HadeiifidenadugvdmanmsiFeuseulay nuindtadonunin e Fusuliun o) fuganm
YOITTUU o) MUATLNTWENTAUINA o) WALFUAMAIMANTUINS NTBvENadenisldau way
arwiienelavoslinuludein dafunisnunuieataivlednaEsunisaousoulay
(e-Learning) uananazilsiadnszuuiianunsaliuinisldesadiusednsainuds suduses
Ailsfennunmansaumanaziningszuy wazdndudesddsdanslruinsednaiganin
muaiuluae
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a a A v
ANAITUIIYNLNYIVBY

o. walulaganuasualiounsauuudnasaaiiou (Virtual reality technology, VR)

Tutlagu fewidounueiuduluiinisiuneluladaiuaiaailounie
wuUsTaeailon (Virtual reality technology, VR) uildsusiufumalulad loT iifosannita
apamaluladfinnuirulaluFesnisdanisuazuananadoya lag VR annsolduselov
IINVIYAVRUYULRS 10T #199 LU aNINeINIA AINAY gaunnll seduuseruliin msin
Umnawas pmannndesinle senisnsaatamsiinesdu fgninluuszgndluaunin
199 LU N9NYAT MIuNnd Sensvisaiien TagaziinsesnuuusruuNTIUTINLGY
Ussananadoyadinuiges loT wazdeyanistanaudugldauvesssuy VR laiunis
Wasuulaswesdayaneugeivadudiensvaussnndsundasmudigldaudosnis
193N 1sUTENIaNa AeR10819luUNAINUBY |. Toumpalidis, K. Cheliotis, F.
Roumpani and A. Hudson-Smith (2018) %!ﬁLLﬁmIﬁLﬁuﬁﬂéj’mEJ'NVi%’eJLLmﬁﬂ“uaﬂﬂﬁﬁ’]ﬁﬂ
aosszuuinldusindu wu nseenuuy “dowmuianase (Realtime city)” Jelduuifn
Y9sMsTIUTIToyavomuIe N sigasisy luduilesiiimsidedefuriuszuy Wifi 1ile
thinvszanalumsnaunudnmsuazauauaanmuesiies 1wy filmiuansluineesaiing
Aadarumesiloansivad dwes uazndes CCTV iledandaiuazansn (Recognition) A2
AnUnfiAntunuina1ads uennidsiiniseanuuussun loT eldlunisssyfiftasaud
msasrsusuiimanfieans Inelideyannglinudumeiidn snthaednisihdeyadngn
sinUszananauiteldseusumia (Spatial data) safuansdmnsiiwesiiaiethluuansly
sruUANISBaTiouwUURaL (Mixed reality) Fadumnaluladfiinainnisnaunaiuszning
VR Uag LwﬂiuiaﬁLﬁmwvummﬁmaﬁau (Augmented reality) Tus1uid8u99 Myeong-in
Choi, Lee Won Park, Sanghoon Lee, Jun Yeon Hwang and Sehyun Park (2017) Tuiaue
miaamwmzw%’juqﬂ (Hyper-connected) Litaifioulesszwing loT wag VR d1m5ua1unis
U3n1suuu3lun (Remote services) Inglivdnnisdaningl e Fatuluinislduinmsglday
H1UNaae VR Inelin1snauldaineuees loT H1ussuy Wifi 938 eG/cG mwmmrﬂmm
iifedeyafiinanisumeisnanldmunanaiaisnmi e¢

TusAferes A, A. Simiscuka and G. Muntean (2018) lfiausdunaunissiuan
(Algorithm) Lﬁaﬂsxam%’agavﬁam flu (Synchronization) vatgunsailulaniaiioussaly
anmundeutes loT uay VR fuanslunmil oo Tasdumeumssunndingildnus
foyavesgUniniudoiwuised loT HIuszuy Wifi w3 LTE Huinandingg anduasgn
Fouloslasguninisurufussgerwaiduneunisdunniieszanudoyadendn &
fegnamslinulunni e Jadunsuanmatuulszaudeyansondusyninavesgunsal
wuas loT (Raspberry pi) hagnasd VR
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e VR Application

- Web Server

IPCAM

SmartPlug Multiple Sensor

AN & MogransldusEuuNITWeNsaTUged loT uag VR
ANMTUIUNITUSNISHUUS LR

o

WUNFYY15UNU BTo-o/o-ve i oc
LUU ANUd. ME-ooe



lassmsiauaudnaanisiseudiumaluladndva

VR IoT Flatform (VRITIF)

Vidual Devices

Synchronisation Algorithm

VE [oT Environment Synchronisation scheme (VRITESS)

Synchronlsation Algorithm:

loT Integration Platform (ITINP) |

- ¥ - 3 - 3

Smart Smart Smart Smart
Ealm_',r'l| Gulm_'.r2| Gateway 3 Gntew:ljll|

R‘ T T objects jj
) FITLTE YWFI{LTE Wi ALTE
— - .

Real Davices

AN oo srUUNSUTEanulayavetgunsallulanialiouastluan1iuingenvas loT uag VR
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VR processing and gateway
— for devices connection

-~

-~
A Sy a——
—_—

Virtual
Environment

AN os NMSUARINALUUUTEAUTBYaNTuiuTENI1avesUnTaliwuges loT uasndas VR

$UITYUB9 Natinan Bunyakul, Nuwee Wiwatwattana and Patcharin Panjaburee
(2020) Téndndsnsaeuuduiiugrunisiunaiansumelasldnisidoudiiuny lng
aniiAdelseenuuuinuiagnszduligiFeusanaynaunlunisGoud fmafvuddutiade
nilslunsnsedunnuadlavesidou nansvaaeuld safuiuiinGsuansmainnsumg
$111u e aunuidEsudauadalunsfiesSeusinunenadununniudedisuiy
mMaFeuiuvuiiuiidunsussoneluviesieulasfiveransdiaou
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UNN a

= %

S2U8UNTIY

ASOULUIAA BHUNISANTUNUY ITN15/TUABUNTITANTUNITIYLLATWAIU

WAUNTALHIUSU

SYUULMAY
U
Y

A1597ULBNU
UNINYIAY
AugNSISeu; au

NuAlulag

nINA

s
GUATEN
nsiSeu3

= =
GRIANEIF1N?!
N1388U

WUIAA/ WU Wnsaniiuau Fumaunnsiey JTYLLIAN
ednUuAn1s | davngunsal ssuue3eniy | e. Inaunuingy (Focus | o Wwiau
warszuUTAEtasdmsy Group) Wied1533
NsHNUAUR ANUABINITVRITER
919150UALYAAINT
b. dmgunsal szuU
P38 LATTEUUT
At
o AvuayunsdLYio
HAnUfuRnns
‘@i uy13UNU BTe-ob/b-oe i me
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a v

na

LUIAR/LUINIY

ASn1sAiiuenu

YUABUNITNIIY

TYILIAN

SYUULAA

AUAULDY

a b4
JbT8UT
Y

G
Y

WausEUULvauseu; ms
thidhdensiounsaou
vioosdnmd Lietae
dnsseus nsudau

naunuINgy (Focus
Group) Wiod1533
ANUADINIVBITER
919155UALYARINT
Anwranudulula
AATEVUALDDNLUY
SEUY

[
a o

M WA LAEAAA
TPUUMVIALTEUS
atuayumsldssuy

IV GNEEIHPREMTRR

ol iU

= a
dN13L3YUNITEDU

WAIUNFBNISISYUNITADU
AanTsUNISISIUNNSADU

IALAIYU/DDNUUY
ilovndmdunsiaun
Fomsi3uunisaou
ANTUNITHAIUN
Fomsi3uunisaou
avuayuUNISSEUNS
aou

CRGRY

nsiseus

nanssuatuayy

AnausuliausiUeaiuy
Ussnduiusaudnsiseus
WAZWVASHUTAIEAULDS

MAUNUNITINAINTTY
atuayunsiseu;
ANTUNSHNBUTY
InNANTIUUTZNIA
1AS99U
AnnnuLazUTEILUNG

=}
o LADU

Lavdeyey
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YUABUNITNIIY

faiteasiauadetnens
aenenwmalulad Data
Science k@ loT
lagsadvantumalulag
ne-gu (Thai-Nichi
Institute of Technology),
WMInedualulagnsy
FDUNTITUYS, UMINedY

HuAeRITaly
UNINGIRY LAZDIANT
#ne) iesdunsanlden
NINeINTAU Data

Science W@y loT

. atvayuliinisuyaty
dulseRvgnldinalulad

Data Science ttay loT

WUIRAA/WUINTS Wwnsaniuau FYELIAN
nsmieny a519ANIMLoTENINg Ussmduiusyalsvasd | ol oY
UMDY UMY FIWEIANT | vesrudineneansiseus

lawuasing (THAI MOOC) SEWINUMINGTY

dneuanznIsunIsmMs | o wandsunuia s

gaufne Tunmsiauwn N3 nslamsnenseny

LSEUNITABUAIUNITLY Data Science Wag loT

walulagfnana IUAUTENING
WnAINeSeLioadns
UINNTIH wazuively
mMstudsulssna
suuleuielneuaun
&.0

<. 4n159neusuAnINSe
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e wadunswiithuilodhu (Malignant Tumor)
o Aswadidaundiiianudulnatmuaiblle onazzunwsns=anoluTu

e {2 e N o : " = "
wadlilawaduluvinalndidue uazonaas ivihawwadund l(v‘

ATl ow fegdeN1saedY INeIN1sTeyaimewnsaguwiuled Thai MOOC
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WY o 3udl 24 ey 2563

duFamafinm o Fuft 19 fuinu 2563
EiRE
o0 L)
B
TAsans Thai MOOC Tagarnrinuilovas drineuaniznssuntsnsgaune nasmsadnwdms nazvineingmanduazmalulad uasnsswiAsnaoAsghouazanu

yauNavlsznmeafistasaiuiifauaadin

wisnaday aanludsznia

. w7 5
FuFamsdnmlunedm

Anuin1sdaya (Data Science)

#ula3an1s Thailand Massive Open Online Course (n13An#uuuiila hansiFouiasaadia)

g

P el

frwenannosdannn 0ABANT
AnudnuAaInTueaas
wningauasuaIunilie

Ce ID Number :

A7 bt fregUsEMadeUnsdnsansfnysedviineinsteyaiineunsog uuiuled

Thai MOOC

. Wangnsszuvananalfnazmaluladumesiinvasassnds
(Embedded System and Internet of Things Technology)

ﬁ‘iﬁ"}’ﬂlﬁﬁwmmé’nqmﬁizwaumﬂaEhéhLLazLwﬂIuIa‘ﬁﬁumaiﬁmaqaiswﬁq

e

(Embedded System and Internet of Things Technology) Tugﬂﬂaﬁaaaﬂaﬁmmm Mo
HluaFeud @uicludeivieand oo $lue) uazmhdsdidunisweunsdonisidousou
N195EUUAISIS8UNI5E0U Thai MOOC TagldunTwiules Thai MOOC.org nneldswa
SWUoe¢ lngaginmsiananisiFeuslusuves quiz wazdnueunizeulnegivinzuu
suavaalaifngy so% Sedrunasitazerlduussmaliotng Seavdonvessnein
svuvauesnailuasnnalulatdumediinvesassnds Jdweldil
IRAIY
SWUoe&
Fosre3n
syuvavesnatsiuasnaluladdumesiinvasassnds (Embedded
System and Internet of Things Technology)
ANB5 U8 T8IV
unumveanalulaffidvaludagtu wdnnrslusunsy Cidosdu Ads
Hevlvuazidaheluniw C ndnmsusunsuntw Python @a1tnenssuuasn Kidbright

o
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an1Unenssuvesa Raspberry Pi n1sidsulusunsuiioundayadyqyinainiduiyes

'
a

dawndond loT Seusmanns Jadygadnainsaneuysd n1sWsulusunsuiiensiain

o IS v o IS

deatnasuazdygranduila mslsulusinsuiensiaindyyiadnasuaydygiu

ALY
'

=

AAWIILY 1Ugsyuu loT
FruautluaBeus
SunuiiliaGeuiomn mo FaluFoud Grnuddludeifvm eo
)

o

ngUszasAnIsteus

Y
b. Jiguinnuimnudilawaraunsainsslunguuasinn1svednis
I~ a s d’j L
WeulsunsumaufimesiUewiu

en.

ey

Seulianuinnudilalundnnisvevesa loT s

& Jisguaninsauszgndanuinunalulagssuvatemnallsiuazimalulad
loT Tunsuideymla
va ¥ o
AANURLISEU
o o ¢ o v A = v
wnisew dnfAinw wazUsesunill nouwa ynde Naulaanunsaseule
naein1TIang
nanssUluUNTEU LUUNARBUIENIAUTLY WAZWUUNAROUVAAUSEY HiSeu

AL UUTINNINUALUAINIT 610% DoIHIUNUANSUUSENAReURSluszUUle

M2ZM szuu VR > imrmsaanR T Tabia i walulRgiu = Soqussdadvaannsitomeg

wwii 1 il wAadu
wiaTuladl Embedded Previous 4= = el =% (4 Mext »
system, loT, M2M szuu VR ——

P ST

AT AGE SRl daqilszasanasnisiausunuinaaatnaluladdaiiialu

daqiiu e . -
ilaxqiiu tmalulad Machine Learning
[ Bookmark this page
w2 wanasTdsunsa C
iimacu

FaadsravauasnisisuusunuiveasvaTuladafia luilaqiu tmaTulad Machine Learning

w2 Adadaulsuasdias
viraTunen

w4 nanmsTdsuasuars
Pytnon

w5 aondaonssuuasa
Kidoright

st & aeTansssda unumveuna lulagaanaluagiiu

Raspberry Pl - o
HTIDMINAT T A9 AL Tamnde

- - 5 - AN rrarant uaTre Fea LA TuLRe TR
w7 ansuiiouTdsuasaiatin Ll filatodbf I IS LA L

dayadayqnaataerurnadda —m

wimdaug loT

w2 Fmuinanmsia
GG LR e R R B Lo

FWALOS.AUNW S20IUWS

il 8 arndouTlsuasucia » Speed 1.0x “  HD 2
enafadnyqnatnasuas
EGIGIRE R e

i Y] 1 d a o a < A
AT o FegsEeNIsanUITIEUVaNRINanIdazna Tu Tagd UMD AU T INAT

o
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Wil 1 imhdmAuaiuiai Embedded system, 10T, M2M szuu VR > ymmvaaame TulafdaIatutagiu = Quiz 1

- - .
uui 1 m:ﬂ'lmmm.l ¢ Previous i = =] = = Next >
waTulad Embedded

system, loT, M2M szuu VR

QU iZ 1 WIEW UNIT IM STUDIO

umnvaadmatuTadéiialu [ Bookmark this page

dagiu

o a1
wwn 2 wannisldsunsu C et §
== 1 point possible (ungraded)
adiEu
P S
AAanFARauiansas

i 3 Avdadaulauazdide

vinthtuniea € datanarifunuianndss siaaaTn (Inawausd 4.0) 7
w4 nannsllunsunisn O msdnaEulidsrvabsnius e s
Python

0 msasasuivlsenadaniud uan amnssumilnuazne Tuta fouaud
w1 5 anilannssuuade
Kidbright

msaaEiubilssmadaniumslssandiguinunssuuasvaTulada Iiauiwui lunngsu
ol - -

v 6 anilannssuuade

Raspberry Pi

(i ]
. = e Show Answer
w7 nsdizuTlsunsuuoiaia

NN e FRBE1NFDNITARWIMSTUVANDINARIFLazwmAlulad B UM InvDIaTINEY

wni 5 dmmanssiues

> metEndRIURRMIST eI LT Kidbright = dwmasougrdiusay

it 1 i AmAumaTuiad ¢ Erevious g o o o & Ir; & F ] Mest ¥
Embedded system, loT, —
M2M szuu VR .
. a w R e
gdrunsteaugANdIIUsan VIEW LIKIT 1K STLIDID

il 2 udnarsTsuasu C [ Bockmark this page
fimadu

. - L
dunmsiiougsidiusan

o . - -
wwil 3 ddadaunlsuasida
virehunen C

Sign In

wwil 4 nanmsTusunsuaien - fugu
Python ardnmand

dviun ER i

nesny @

wwit 5 andounssuuata ::'W A ] = B

Kidbright o = ©

. it AL .o B

wath Kidbright Azazis ? s W | naaSd 168 wwuuau =
a

ATdeas |DE wazantldavuata Aaln e B

Kidbright Huaa rwue [CX0 | LR i
m':hfdni‘u‘maunﬂﬂ'ldmw unadl 16x8 uwmbaw  DED
uath Kidoright WEILIE

=

ATl sRnuauATTInaTIa
v Kidbright rwingafaduaz
Arrldemdarad

wwil & andannsmmada
Raspberry Pl

» Speed 1.0x

o - - -
i 7 ascliou Tulsuasucianin
Hayadyarasiarusasia
wirdaag 0T STAFF DEBLIG INFD
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i 5 aaileansuuada Kidbright = uasa Kidbright faaxls 7 = Quiz 5
i 1 uminAnafumaTulad ¢ Previous i ] @ Next %
Embedded system, loT,
M2M szuu VR

Quiz 5.1 VEW N IN STUDIO
unii 2 wannsTusunsu C H Bookmark this page
wifaadu

Multiple Choice
o o o4 . .z
i 3 Fndvdauluuazdia 1 point possible (ungraded)
virgiuais C
Idandavigneas
A s
i 4 nannsTlsunsuaie B oL .
Python Halananifauase KidBrignt gnsaa ?
ytne

- .o - e Em
- § g § a 5
wnit 5 aoilagnssuuaca dhiuasaiaunsavinwlalrebisniudaadeoullsunsu

Kidbright
Huuasaauasnadai
uasa Kldbright daazls ?

ns@ae IDE uazms tdauuass Hhuuafaiisursaiaauiuiuanidlatud
Kidbright

mq'hfmﬁ’amuﬂu mMsiauna
uasa Kidbright

w
a
I
=1
n
@

s TdedsnuaumsinuLa)
uasa Kidbright riulugamduaz

2NN enen FRBESEBNSEDUINSYULANDINaRafIuavmAlulad duwmesidnveasIngs

L

nUszasAnany e iivaduaiuliiinniswauidanisiseunisaau n1983519

Waninan1siseus n15UuInnIsuLazANAna319aIIA
v Aaa v a aa v 14
mesnunalulagfadnaunldlussuuiasegianadia Tiuan
dg! 1 a o = ¥
U laganizagnegs n1sdamalulad ¢G uUszanaldy

A3UNaN1TIALAIEI/ 80N UL E M UNISIREUNTERUAIUVIENEATNITANEA

nnuziifolddanisunaroonuuuiovdmiumaounisaounuvdngns S o
NANgNS il
o. IeMdaya
Inermsdoya WelifiFeuldifunmnuimuaresmansmsinginisdoya
yanaedIdulddaniondevinisSeunisasuinineimstoya Wodsuauseiniud
HL3EUILENNT0
e i1lanszuIunTINgINsveua
o AU U waviid1teyaanngunsalusziam Intemet of Things
elimalianuszinananmainauanvazandeyaussanguam
®5msAATIEA i uavenn sieuasdeyalieglusuuuuiimanyas
e a¥auuuianinsBeuiveaa’es (Machine Learing) lilemsiasieiuas
i

® U5uUgahuUdnaes kazussiiung wisunadiausnadnsainnisiunele
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$

7 Whnsnnmaa
P urdnendeasunsalsa
AuSnewnaos -

Twin

mnnsdona 5n51n1s'iaqalda°ﬁu
(Data Science) (Introduction to Data Science)

dlowmwin

Internet of Things)

Data Modeling)

ANN v NNUSENBUNISENYINIRLOLNBNANFDNNSISUNITADU

AozFITelauUnilomviuneendu « Fidendnduusenaulume Bumesiie
Usgauassnds n1sUszananann n1sinseideya wagnisasawuudnae 3y « wide
winiaggnuusesnidu o Midegasdmandlunni me

AUNDSIURLUSEETY o anudidaaiudmiiaunadiasauami
] (Internet of Things) _
RR) R o nsldnueeu Tnsaaesuasadaiiudayasnivuindex

o msifudayanmiisaanfiainasewaian Raspberry Pi

(Intemet of ThiﬂgS) o mddayagranAiamalsnarakaziAT

ﬂ'h"]_]‘jgu']a Han N o MsATI9NLIRg luaw (Image Detection)

o msiingUuuuiag lunaw (Pattern Recognition)

(lmage PrDCESSiI'Ig) o nuETndayanna Ingjuasanuniing (Data Collection)

. n"l'mﬂaqﬁ'mdmﬁamﬁl,ﬁmﬁ (Data Munging)
o msasnlunminudaya (Data Visualization)

AIATIEYTDYA

. o myinTetiayaiddse (Exploratory Data
(Data Analytics) il

] - w R -
. wﬂaumiﬁﬂugﬂmLﬂ%quuuugﬂau (Supervised
Machine Learning Workflow)

MIRTNULLIIAN o msuunysuam (Classification)
(Dﬂtﬂ Modeling) o mileniminanas (Regression)

o AmnssuAnanwe (Feature Engineering)
s asilsafiusaninsrans (Madel Fualuatinn)

AN & AMTINLMVEIYINEINTTRYA

o
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TneluknaziiitoazltialssurIuEsNISISeUN @ UUS TN @ TALUe dudn

b FIluiSeuafosdnwImIANUSNaEL MuuuRnie v quiz vinlandnisdiumnsen
feglandannsaldnwauseely Fevazdonlulnazideaziifselud

.0 MEN3UaYARDDL]S

Ingluunilazinsuiannuvingvesinginstoyalagazaseunguiilem

Aagiolull
o g IVeyarivals
o N3EUIUNININeIMITayatozlstng Usenaudmetunauesls usiay
Tupauilauddgegels danseuiunmsnmunansaasuldnansdy
AN eno
The
Data Science Process
Ask What is the scientific goal?
an interesting What would you do if you had all the data?
question. What do you want to predict or estimate?
How were the data sampled?
GET e Which data are relevant?
the data. Are there privacy issues?
EXPLORE Plot the data.
thedata. & Are there anomalies?
. Are there patterns?
MODEL Build a model.
the data. ° Fit the model.
Validate the model.
Communicate What did we learn?
and visualize Do the results make sense?
the results. Can we tell a story?
6 Derived from the work of Joe Blitzstein and Hanspeter Pfister,
originally created for the Harvard data science course http://cs109.org/.
AT o NTLUIUNIMEINEINTVRYA
11 : Harvard Data Science Course http://cs109.0rg)
a o a' o A
° ﬂ’]’iL’iEJ‘lJE‘UENLﬂi@\‘iﬁ]ﬂ’iﬂﬁ)ﬁ)g‘li
o lUsunsulnseudmiuamaninidinginistoyauaznisleanu Jupyter
Notebook
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0.8 FTUUBUINBSINUSEAUATINES
Tuuniagnanfamsimunszuy loT Welfluniafuteyauasindeyatu
Tuifiuuu cloud AmuUasafeuosssuu loT

o NodeMCU/ESPeobow Wuvesalulasaoulnaassiifisiuiuvinese
SuwmasLmﬁwmﬁm%’uﬁammﬁuL%uLszia%ﬁ?l’jQLLUUa%maaLLazLLauzﬁaﬂ
uagdreriiadugunsailednaliinanuldnusdonns Ami mo uans
NodeMCU #il4f ESPriowo WiFi lsilastn

® Sensors

o WiFi/NBloT

o Cloud computing w3amalulagnisussuianavunguiuaiodunis

14 2 a

UININTUTEUIANS msa"’mﬁu%yja ITUUFIUTRYE T8UUBIRTYS

Y

e

S¥UU data analytics UuLAS Y183 uInastinfsinl1usiaLsa &

e

Yseansnn ﬁmm@w&jumﬂﬂ’jﬂmiﬁ%am&f@miﬁmiﬁwmEJL‘wa'm
= = ) NSy ~ <
UWASY server 090Wed Falutagdumalulaglaidnundunumdu
| acda o W & a A W v a4

pg 19Nt TInUsEITuvesuywdagimanideslala Tnglundisnae
gnidegeien1sdnalulagineinisveyalyussynalduy cloud
computing Wieuvssutefuavieidy weduay

o loT Security lulagUulssnuanamnssuduiuuntiinssuy loT %se

a ¢ & a ~ A a a a
dumesinUsrauassnasnttlul s uieinUseansnnlunisuan

[
=

TiRgwu w3e Tunansuseuniinisiissuu loT viligunsallniliudia

[y

Aee) @nansafasedoansiuliiaiiumuazaInauslutiinuszaniu
1 I3 '3 gj v a % 'y} 1
agalsinnugunsal loT Nwvanedalideymmnenuanudasndeegvate
UsEn1s 911 Wi AnuvaInvatevenIgIudmwa ivienuinluay
Lgunsneanuinsnisanulasadenaseungulaynuinsgiu 1Ua

lonmalvgldusgasafanansanzidiunlussuuiiionivnuaunsal loT

'
a wva a

wiailil UReungliUssasdnsoansle wu nsdslvigunsal loT

Y

a

wailaniuuu Distributed Denial-of-Service (DDoS) 1A3adulY18UNs

a P o 4 14 Aal I v i d' [N 5 ' 1 ]
A3aLLNaYinl éﬁlmmﬂﬂmlummm Wldauesesusvretdulaagna

& = LY
AIsazLUU LaZ DU BNUNNUNY ﬂﬂuu{jﬂJU%Wﬂ'JWSJUﬁE]G]ﬂEJSZJE]Q'ﬁ%UU loT U

[
v L4 v =

A [ a o o [ 1 d' = a v o
foLdudsdn iyJ‘VI%']LUU@@Q@iSVUﬂOQ@QLﬁ@J@LM@L?WNﬂWi@@@QU’]i%‘U‘U

loT wlgludInuseaiu
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o.an loT workshop nsWaUduULUY loT 1Hesdude NodeMCU
Fauandlunmit me war Arduino Tnefiianssugesseselui
eWorkshop e : 19911 Digital Output (Insen3u)
eWorkshop o : 19971u Digital Input (\Ua/Ua LED)
e Workshop en : mﬁmqmmmasmmﬁuﬁw DHT
e\Workshop « : Fouse WiFi

*Workshop ¢ : Jufingaumiiuazanudugs Google Sheet

A ened NodeMCU
11 : https://netpie.gitbooks.io/nodemcu-esp8266-on-netpie/content/chapterl.html]

0. NM3IAN13YaYan78 NumPy uaz Panda

Tuuntiazyadanisld library NumPy wag Panda elleuldiuagrawnsviany
Tuwamaingimsteyalun1sdnnisteya Inenmi e kansdatenveanisiyd NumPy library

”LumﬁmmiﬁﬁaaﬂaﬁﬂuudmmmﬁmmL%ﬂumiﬁwmuLLazmiﬁﬁaﬁ%’umiﬁwmﬁwmmma

o A5

‘ ®
(52

e  WiNTUNISVIIUAKAINKANY

ndarray Vectorization

Key
Features

Broadcasting

mwﬁl o VoAU NumPy library
111+ https://www.clipartwiki.com/iclip/ibimRR_sports-cars-clipart-sports-car-clip-art/

ey https://www.elettrobenaco.com/)

AUNFYYITUNU BTo-0b/b-56 Wi &&
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o.&¢ NM3VANMUGzaIndaya (Data Munging)

Tuvsadsdoyaiiiulddauandunimi mx envazdunsduilinsudau §
foRiawann luuniazyafenisvhainuazerndoua (Data Munging) wieanat3nin Data
Wrangling %39 Data Cleaning Vimﬂﬁﬂﬂszmumimﬁlwwm (transforming) mn‘ﬁauﬂaﬁuﬁ
felafusnideou drdou wazdiligndes  THeglusuuuuiindoudmivnsiluinsey
(Analysis) uaziiluuanana (Visualization) Tnedeyafilsifussifovennasiidnvardwieluil
o JoyaunedIugnY
o FlaUU1IANGS V3R ARl
o UanadutiAT Y
o3

student.csv - Notepad
File Edit Format View Help
ID,Name,Score
52102011059,Rosarin, 21
53102010183,Nathee ,30
53102010186,Wat ,61
53102010189,Pat ,52.5
53102010190, Somchai, 25
53102010208, Wut
53102010212,Wit
53102010214,Nita ,50
53102010800,Korrakot, 34
53102010801 ,Kaan,52
53102010803,Chana,57.5
53102010804 ,Natthapan,49
53102010805,Natthawut, 38
53102010806,Somjai,51.5
53102010808, Thanakorn,24.5
53102010809 ,Numporn,45.5
53102010810,Neti,47.5

AN o SREMVRITRNARTL WA UVRIIER NI VayalinTy
Aatudsdndunsmsaneiilaidunsvitendy Pandas wetsndnsudeu
Wifiuteyavous
.5 NMsafreulunwlvifiudeya (Data Visualization) with Matplotlib

mathauedeyalviguiauly ilaie washmeligilsaulatuiiodumans

nilandanudrAyedrsnnlumainginisteya luunilazyateniuddglunisduaus

(%
d ¥

Joyalaely Matplotlib wag Seaborn library LﬁaL%'smauﬁaﬁi’faul,lmp:iﬁsJu%a’mm
* 95UUDIALENAY VDY Visualization
o 59y Visualization fwmngfudssinnvesteyauazduiuiifvestoyals
« 52ylan Visualization ladvselifuazusuugdlvale
o Uszgndldlausianisadnanmitu Matplotlib vie Seaborn Tunisains
Visualization duunisviarudnlavesdoya dmumsiasieyt wag

Uszillunanisasnakuuinaasle

o
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Matplotlib/Seaborn 18 library d1w§uldlunis plot il <o uans

F081991nN151Y Seaborn library Tunns plot

=
“® oz -
4 - i
. 5.
=5 o apeml, o
o, s o
5 ® .:%g! e °°°L§§i’-3% H
E s o tatind s T .
< ad et -
20 %t e, 45
15 . 55 - ?3‘3%@? D
10 i TR TS e
5 . =
250
o . PN
200 S =S EraY
. ", ..:,. e, v
g 0 'é%gz. .g.:gsa’;‘r . ran
by e ., * 23 ¥ 008" «  America
£ qop i e s L +  fgia
P e g
oy %‘8&3%!. s .%w - .

weight

3 &. .@;:g:o

e I
1500 Sue A I I I
1000 m

TR e P ph D e s B P P P P L5 P T

mRg horsepower watintht

Al <o Feg1ans plot Iagld Seaborn library
11 : https://datascienceplus.com/how-to-make-seaborn-pairplot-and-heatmap-in-r-

write-python-in-r/

o.0/ N13ATIENTYALTYeF1393 Exploratory Data Analysis (EDA)
N93LAS 18R UaYaLT9d1999 (Exploratory Data Analysis, EDA) : 1ui3gns
anuinlateyalaenisuendeyandeusyludeyaiasiioaudnuugdfyvestoya 13

ﬁﬂmwm%ﬂﬁa;ﬂaLﬂuﬂizmumsﬁv‘hazhwimﬁmLLazmiL‘T]umiﬁﬁwﬁmwdwﬁm

Uninenmansteyauaziegsnaniludvesoya InefiingUszasdnasaluil:

e n7IFNYULTOYR MTIERUTIUIULGT IuruAeaul yiladeya vien

1 [

PRIRNLHE

% =

o szytoyaildeeviseviamely Ussianvesteyanlignses vseanly

9 Y

NADY

e

e Visualization Ly Boxplot, Histogram, Scatter Plot

o LARNIANENEUNUS (correlation) S¥MINIALUS

o
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FeluuniagnanfinsesgideyaluiUsswiunseuiiendisgansalfnw

Boston Housing dataset Ingagiinsviarualiunssuiums Visualization dauanslunin

A
N &o
i
Frw dafe = | e
Mean Sure o sl valovs ]_.H_ﬂ"-!_, ’
Total maimnber of .
1 i f

L . 1-dimemneion L.

Median | Middle valitnben | Jornbnl teudeicy -
dats s arrasgad | o & distributinn B e t—r
oy lre

Aol Wast pomman Ceirky [

T Mgy dats
corE ——
A . ]

Virdancs | baw Far n st of . s

il v Descriptive | EDA | o -
:::"-tml from | Mense o elEtistice Methods
Varintion

Ttesrauart | dlividesa data sel

e g Enlo guartiles 2alismien=ns

Bluzmlunl disperdzn vl u

dowinzion | eos oF Aarn frors

mman
Hhewness | Measarnof aalitle —
SR RTY i
Krstoots Kurtosis = a Skownois Alizmension . - T
mensure of & Forioms . " g
il o] e [urioais L R
relanive o D N
Crawsslam shape -

NN Co MIPETINTIATIZVVOYA Uag Visualization

i - http://www.jeannjoroge.com/significance-of-exploratory-data-anaysis/

0.c %’uﬁlauﬂ’ﬁﬁEluis'?lml,ﬂ%a\‘il,l,uuﬁ Q’aau (Supervised machine learning workflow)
A o v v & v va
Wialguaumdeiludifisyuazanunsn
e upuuNINTINTDITURBUTUNITASTEUUN ST BuTvRRAT B UL
AEE,
o SinUselevtiiarnnsinvesdunaume ludunounsiteuivedaios
o S9nMsdianisteyaitosiu lunisilngeussuun1ssouiveunIaawuull
Haou
Y

Data Data Model Modal

Ingeastion Cleansing/ Training/ Deployment
Transformation Building

Train Test Loop

Maodel Feedback Loop

A o Uiy Workflow %u'umauﬂfﬁﬁauiﬂumm%im
fian - https://www.mapr.com/ebooks/spark/08-recommendation-engine-spark.html
\uitdnya UMy BTe-ob/o-ba i ¢
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o.« NM3UTTUIANANTIN (Image Processing)

nsUszanananmmlunisuszend nsuszananadygynaadda (oD Signal

Processing) snldiiudayazunmeassili Feazi3enin “n1sUseaianann (mage Processing)”

v
) [ [

lnggunmvanil aggndanuluszuuaeuiiunes waveglugluuuvesiinea (Digital) lne

3

[y

Image Processing ﬁ’mqﬂismﬁﬁwialﬂﬁ
e N15USTLIARANTN @3N5aVANISHRILNSanes7iu (Algorithm)
o itethlUluAlminaqueagunw Ifedsazmnuazsani
o titel4lunsuanng (Image Segmentation) Tudeyanm senidudoya
o9
o ileltlunsieszsieadUsynauniodnuay (Feature Analysis) ¥a4Q
flaila 1wy 559 Taseadrs vun videnudnuar vesingiinaule

Wuduy

A7 &n MIUTTINARANILBNTSUENIRNE (Image Segmentation)

Tudeyanmesndudeyades

i https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic)

e.00 MIMUNUIZAN (Classification)
Seeuauiteiiudidouavanns
¢ 93UIHANUMNBVRINTILUNUSELAN LA
e ynsgelyminiswunyssianle
* 95UNYNANNITVBINTIATIZRNTOAnBE ATaRNTA
* 95 UNBLUNIANYDIANDITINAIMSUNITTIMUNUSELANTA
o Uszgnansifeuland nsuaanisainisdnuundssnmle
‘@i uy13UNU BTe-ob/b-oe N &
LUU ANUd. ME-ooe
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makdun 1 -
[_‘] °e S " | o's ka2
e ® ® o °® © e ° 2
Q o
° ot e,
o of o = o of o D | © O o @
0, % L0 02 Lo 08 S0
° ® 9 ° ® 9 ® ® e ®
Py ° a b 2
T
maedun 2 ] kel z _‘-_-,J\ ko2 k=3
® °e L) 7
e® o e® Lo e® o
° ol o X e el siie D | o o e ®
0.8 0 °.<:..- 'o{.o‘
° L ® . ° a

AT € MITUNUsTANEIE KNN Sana3iy
Iu" faUasnain Brian Lange | It's Not Magic: Explaining Classification Algorithms,
PyData Chicago boeo

0.00 NMIMIUAATGIULazdanasHuduldnndulad sSUN1ITIUNUTZLAN

(Linear & decision tree model for classification)

Tuunflagnandensltluna@adulseinnaieg wagdanesnuauld
fnauladmsunsiuunUszianasianslunini <&

gini = 0,666
samples = 150
value - [50. 50, 50)

petal length (cm) < 2 48
7

{ petal width icm) < 1.75)
ani =05
samples - 100
value = [0, 50, 50)

% class - versicolor

ANT @€ NMSIUNUSLNNAETaNSTusULIFnFUla

(ﬁm https://dzone.com/articles/machine-learning-with-decision-trees-1)
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@.0l0 N15LATIZINT15ANNDY (Regression)

Tuunilisnazyafanisiasigrnisannsaiieieunldlunisituievie

AIANTAINATNEUNNDEY WU NsransaldugeaInimvinuessyyng wie auedudu

Y a ¥

IeLila T UIUUNULAILTIUATANN ST NNTSTBINITIATIEVINTONN D YBITRYAIUY

Y

B (linear regression) 19 Aauanslun1ny eo

* ® Original data
12 | = Polynomial model

— | near model

25 5.0 75 100 125 150 175 200

AN <o uanwegnslilumanisanassuuusieglunislitaya x
NYUENaANS UL

@.0m N15ATIZINT50A0R8LTUTULUU Regularized
Tuunillsmegnaianisinisannosidaduuuy Regularized wldlunns
uAleyun overfit T,maiuuwﬁLiwasmmﬁqﬁﬁaué’ﬂﬂ Seellil
* NUYIUADIN31304 Bias & Variance
¢ dNN15U83 Regularization

* ANNI5VN91UVDY Ridge regression

o
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Poly=9, a=0.0 Poly=9,a=1e-5 Poly=9,2=0.1

F 3 F 3
= Model
=— True Function o o
© Samples
Y
[~]
X i X i X g
108.“ F 3 r 3
=108
Q
[&]
S04
= 10
3102
%10
o]
9 A—B\)—H
100 N R W

123456789 123456789 1234567829

mwﬁ <ol NAANSINATTVN regularization
11 : https://amueller.github.io/COMS4995-518/slides/am(-05-013118-linear-models-

regression/

o.0« Feature Preprocessing and Feature Selection
anwuglanIyuse feature WU input ﬁﬁqﬁ’zy}ﬁ%ﬂam%ﬁgjimma ol
feature filifinann Tunadiléfagliannsoviunenadnsliesnaiuseansnin Tuunias
WARAEesNTIATIEN feature Apulazlioudngluina
e Preprocessing
o Scaling
o Pipelines
o Feature Distributions
o Categorical Features Transformation
e Feature Selection
o.0& N1TUTTHUNAKUUTIAY (Model evaluation)
Tuunilsnadmdnmslieneivssavsamuodunalasifeifouauided
LIRS HUILENNTO
* 95 UNNINANNTUTUNALUUTIA0IE NS UAILE NI UTELANLAZFY
AATIZYNITONDDE
o B5UNBANYALLATAMANTRRINEVRIAI TALUUA1 L6
«52yl971 Mdauuulamnzauiuaudsennle

o UszgndldlausislulnsouiioUssliuuuudnaswingg

o

AUNFYYITUNU BTo-0b/b-56 1 blo
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Irue
negative
Irue
positive

Predicted negative Predicted positive

AN &= Confusion matrix

RNTELSEULASIUATUNY o0& UNUAY {iS8uasiaiasdnuintaunimmn

A

lassuidenainginisdoya Ingiieuaniaslidoyanilninesaaisisue (open data)
A o & v Y A @V v av A & Y a
wsevinsiiutayatedlagldinieviy loT Al lassnuideniaiaudiszgnuseiliuing

VY a

v a a v & ' I3 o w v vo A
QVINQEU’Q%JLWEJFLMNLiEJ‘L!l@LMUQ@@@ULL@%R}@LLG(NGUENIWJNW“UENG]ULL@%W]“UEJLE?‘LJ@‘I/IIMU'UIU

Y

Ysulsaiiodluimuisesanlassnulramnsainluldnussdiialsslovisialy

. STUvANaInaliuazmaluladdumasiinuasdssnds (Embedded System

and Internet of Things Technology)
el Seuldiuninsiuianuavesszuvaueinailed saununalulad
a ¢ @ a A a ¢ & a . Ya o Y Y
dumesiinvesassndwsedumeiidnusyaiuassnds (Intemet of Things) neanzyIdele
Jamsguiiloninisiieunisasutlonivelvigissuausedniuaigissuazaiunsatila
1Y) = ¢ v aNa s & a aa
nanNsTmneUselevivassruvaneinailen walulagdumeiidaUssauassnds nouii
NetanssuasawIsian antnenssuvetuasavan lulasreulnsames nann1svinau
YDUFURBIAI) NENNISTeNRBLiIAUsTUUBUMESIIR sanfansiSeuinisdeulusunsy

<

LNDWAIUNY NS LUSEUUALDINAR I LA NALULAE DUMBSIHAUTLATUATINEY NITDDNLULY

[ '
CY v v = = a

Dashboard tieuansA1vayan1eqnlasuain Things AauiIteNzisouiianun oo

a = )
UNMSEULIUTLNDUAIY

o
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o [ o aa § < Y
.0 UNULABINUSTUVENRINaRaRILazinAlUlagdulnas I invasdssnas

(Internet of Things)

Y

uniseutiaziSeuiesnusznoulUawiuvesssuvanainaieiuazimalulad
Bumesillnusvanuassnds visdumesidaUszaiuasinds maseudifeatuiauinisves

walulagdviaainednaunadagdu uagnisiSeustselevieineg Mazifinannsinssuy

o w

avesnailiinazialulagduwmesidaussauasindanUszgnaldlutinuszdriunslagu

wazwwildunsiaumalulagdumesilnuszaiuasinds lugeuran uenmileainssuuy

¢ &

avenalsiuazmalulagBumeiidaUsranuasinds dvuazlaseuiianalulad Machine

[

to Machine (MoM) 1iiaudfgegdlslusunanmadinuszdTuraas,

o

Heart rate sensor

TErnpelature SEN
M C U
‘ Gateway/Frame work

ng ht sensor

£
Motlun SENsor

Dashboard/ mobile App

E N

= MCU
Motor | 'y ‘¢'
Sensor/Actuator
Sensor/Actuator

ANl & wansesfUszneundnveanalulad loT
#111 : https://icon-library.net/icon/motion-sensor-icon-23.html uag
https://iconics.com/About/Partners/loT-Alliance-Program

oo N5 UsUTUIINTUA8ATEY C
e thafonaiFouslusunauniu C Usznaudeviadodeluil
o 1A5985190191 C
o M3lduAILUslUuNIY C
o Miadmiunsteudoyauarminaninadoya
o N3EUIUNTUSTUIANATOYaUUN Y C

% o o A o & o &
e Msldumddoulanazardwigilunien C

o

WUNFYISUNUY BTo-ob/o-00 N o
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n1s3euIN1@eulusunsudlsniyl C lagn1sld Editor dmsuimun
LANWALATUAIENTYY C 19U Geany %50 nano NlEeuagULUDIA Raspberry Pi kagadule

TAssadaveanien C 1udu

SSVNC: danp's X desktop (raspberrypi:1) - Press F8 for Menu

main.c - /home/danp/projectsfhelloworld - [helloworld] - Geany

File Edit Search View Document Project Build Tools Help

o~ d - E © %9-0 M & N
4 Symbols P main.c ;
> o Funcuons L sinclude File Edit Tabs Help =
0 main (3] 35 int main(void) hello world =
5 T printf( 1
6 returm 0;
7 }
8

(program exited with code: @)
Press return to continue

4 b L3
- gec Wall -0 "main” “main.c” lin directory: fhame/danpiprojectsthellawarld)
: Compilation finished successfully
Compiler
w
line: 3/8 colO sel: 0 INS TAB mode: Unix (LF) encoding: UTF-8 filetype: C ...

. 'main.c - fhormeldanpipr... | LTerminal
| ssussh e vil T ssunic: danp's . [ (live)danpeuse... [

AN &o UanINITHAITUSLATULENNALAT UMY Geany IDE

i - https://danpeirce.github.io/geany.html

B pi@raspberrypi: ~ - O X
GNU nano 2.7.4 File: helloworld C.c Modified

printf ("Hello World'\n"):

NN Eo HAAINITHAILILUTENSULDNNALATUA I nano IDE

o
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nsseuinsidumus eSuleislsemadiuls vilnvesloyauusiiuls

Yauavesdeyauuiulsuaznmsihdmudsluldnudiuimduunen C Jusu

#include <stdio.h>

void main (void)
{

int aj

int b = 3;

int c;

a = 2;
c=a+ by
printf ("The sum of adding %d and %d is %d\n", a, b, c);

Al o wanwregnenisldnusuwusluniw C
711 : An Introduction To C And Gui ProgrammiNG, Page 14, Simon Long

14

nsssuimduUesudmiunisteuteyanniguenuazn1sintoyaann

n13UsraranalllaninavuntnlelsenoumeA1dmg input dmsunisiudeyaann

'
o

NBUBNWATAIAINI output dmsunisuaninatoya 1wy Teyatieguusuys ilusu

printf( daadwneaonisiuw  ” | aoudsi, aouls2);
- SHAAOUAUNISTWUW
SHdUVAUNISWUW

'
printf(“ \n Value of %c is %d \n ”, ch , asc);

M & UAAIBENNITANFINTUARINATRYAI LN C

o

AUNFYYITUNU BTo-0b/b-56 1 oo
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scanf(“ snavoaunIswuw 7, &aAouUs);

scanf(“%c”,&ch);

w

AN &< wanagenIsAdINsTudayasInaeuanlunw C

n1siseu3nsrUIUNTUsEnanateayauudulsluniw C asuieiis 13

Uszananatayasenineiiuys nsldau operator luguwuusneg lun1wn C 1 operator

NNAAAIERS operator Msasdn Wudu

AadtiunisnianinAtaad(Arithmetic)

dniiunng gAUszAd
+ U
= au
* !ﬂl
s
-rr o
LAEHWRETINTTWIILEY
o . B
ATUFULAY
Bitwise operator ( Shift Bit )
-4 -
FUuvuAR s AU >> (Faudsalimaan) ile #2>2
” 9 =1001
&& (upud) uay S .
I (sad) wis 2 =0010 C;cl HEGWE
(fian) altel
uous ELE EL] << (Bsudinluinadhe) s 9<<2
A B |OUTPUT A B OUTPUT| [A OUTPUT
0o o 0 0 o 0 0 1 $ = /}j, ﬁ 1
0 1 0 0 1 1 1 0 _
1 o o i ' 3 = 100100 Hadnd
1 1 1 1 1 1 amnmorn

T 1]
Ataamsibauin

AN & Wanaiiag9n1sly operator dmiunisussaianadeyaluniuw C

o
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o A

nsssuimdteulukarmdning esuiefs suuvunistdaumdtouly

Y

'
o o o

nsimuaReuly JUkuumAWhET nsimuaduiunsingvsenisasistioulunisiing,

Wuduy

#include <stdio.h>

void main (void)
{

int a = @;
if (a == @)
{

printf ("a is equal to @\n");
}

else

{

printf ("a is not equal to @\n");

}

a v

na

#include <stdio.h>

void main (void)
{

int a;

for (a = 83 a < 5; a++)
{
printf ("a is equal to %d\n", a);

}

printf ("a is equal to %d and I've finished\n", a);

} }

AT @0 wansiiegenslduidideulvnar &g C
‘ﬁlim : AN INTRODUCTION TO C AND GUI PROGRAMMING,Page19, 24, Simon Long

=) 1'% 1 =) 1'%
.o N156B8UTUTHNTUAEATE C (519) wazn15tAgUTUSHATUNIYINBN1YI
Python #adamsiseuilusunsunien C (da) Ussnaudieviadasialull
o NS UFILUTBISLTO AT A UTNOYULA DT L UNYT C
e M5 NURILUSIASIAS19bUNWN C
o NM58UNIRTUgaelun1w C
o lAs9a51971%" Python
o M3lgeuduslunte Python
=l ¥ 124 LY} L4 4 o I3 &€ a =
nsseudnsldnuiulsersisduasiudsnastimasluniw C euneis
TBNsUsENAMILUT58 Msmvuadeyaasuumiiusensisd nmsihdmuusensisdluldam
o o o 1 ax ) & ¢ ¢ o ¢ ¢
AuAderee Tunien C wagisnisuseniadalsnesimes Usylogtuesdanusnosilnes
nsimuateayaasuuiwlsnesilnes nsiidwdsnesinesiuldauiuddduniwm C

Wusu

#include <stdio.h>

void main( )

{ int num[5] = {3,8,4,7,10}

num[1]

(3]

3

8| a

7 [10]

num[0]

num[2]

wadws

num(4]

array is 7

void main (void)
{
int val = 12;
char string[5@];

sprintf (string, "The wvalue of val is %d\n", wval);
printf ("%s", string);

}

ANT & ANFIDYIINTTITINUDNSLSE

o

a
N
=
N

RUNFYYITUNUY BTo-oo/o-0e

41 ¢ AN INTRODUCTION TO C AND GUI PROGRAMMING, Page 45, Simon Long
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#include <stdio.h>
void main (void)

{

int a;

int *ptr_to_a;

ptr_to_a = &a;
a=>5;
printf ("The value of a is %d\n", a);

*ptr_to_a=6;
printf ("The value of a is %d\n", a);

printf ("The value of ptr_to_a is %d\n", ptr_to_a);
printf ("It stores the value %d\n", *ptr_to_a);
printf ("The address of a is %d\n", &a);

}

AN & LANIFIDEINNIT ITITUNDIULNDS

nsseuinsldnumuslasaisluniw C auneds lassasievesduys
nsUsenmAldindsiassaine madmuadeyaadudiulsiasasie nshduslasaiald
g Jusiu

#include <stdio.h>

typedef struct {
int invall;
int inwvall;
int outwval;

} MY_DATA;

void add (MY_DATA *d)
{

d-routval = d->*invall + d->inval2;

}

void main (void)

{
MY_DATA data;

data.invall
data.invall = 7;
add (&data);

n
n
[

printf ("The sum of %d and *d is ¥d\n", data.invall,
data.inval2, data.outval);

AT & nanaiag1ansidaruiuyslassadng
P11 : AN INTRODUCTION TO C AND GUI PROGRAMMING,Pagenn, Simon Long

o
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nsiWguilsitugesluniv C o5ulete nsusemaldauilendugesly
A9 C nsimuansilimesluilendudes nsSudsdeyadumsfiwesluilandudes n1s

Uszinanadayaluilinduges nssenldiuilaiduges Uusiu

#include <stdio.h>

int sum (int a, int b)
{

int res;

res = a + b;

return res;

}

void main (void)
{
int y 23

int z = sum (5, y);

printf ("The sum of 5 and %d is %d\n", y, 2);
}

A7 po wanseg1an sl dug oe
11 : AN INTRODUCTION TO C AND GUI PROGRAMMING,Page35, Simon Long

n1358uslaTiasenIslsulusunsunigniwl Python laen15ld Editor
AUSURRILILONNALATUAIEATYY Python U Python IDE Thonny IDE Geany IDE nano 7

Tdnueguuuasa Raspberry Pi lassasesniadeulusunsunis Python 1usiu

T+ Thonny — O >
File Edit View Run Tools Help

AE &3 D% o=

hello.py
print('Hello world!")

Shell
555

Hello world!

>33

AT Do LaREIBE Thonny IDE
111 : https://thonny.org/

o

WUNFYISUNUY BTo-ob/o-00 N oo
LUU ANUd. ME-ooe



a v

lasamsiaugudnanisiseudimalulagnidva

7t o334 sy Oty ooty e S

File Edit Format Run Options Windows Help
weather =

reused code ——"/’»{ £ math

convert (TheStream) :
temp, celsius, Cstream

function temp TheStream:
35 celsius = round((temp - 32) / 1.8)
pesnition Cstream.append (celsius)
Cstream = []
Fstream = weather.get forecasts('Blacksburg, VA')

main program ;
T print (Fstream)

convert (Fstream)

print (Cstream)

i

Ln: 3 Cok: 0

AT bl wanwegensesunslaTiEd1ewesnIE Python
117 : https://canvas.instructure.com/courses/1133362/pages/book-9-dot-3-appendix-
getting-started-idle

nsisguimsldnumiuysiuniy Python esungfsuseniadiuds silaves

Toyauuiiwls veunvestayauuiiUsiasnisihdudsivldnuduidiuunig Python

WWudu

Data Types
String and Integer Objects are Data Types

Wariables in Python can change data type|

# string variable
student = Joana Dias’
student
Out[1]: ‘Joana Dias’
M In [6]: # change to integer v
student - 1234567
student
out[s]: 1234567 b
In [8]: # back to string
student - "Dlas-11234567"
student
Out[8]: ‘Dias-]1234567°
In [9]: # Variable string print
print(student})

Dlas-11234567

AW e uaRIFIBE1IMTET U Tindeya
11 : http://nanakoohashi.com/index.php/2018/11/11/progress-log-20-python-3-
strings-integers-variables-data-types/

WUNFYISUNUY BTo-ob/o-00 N ele
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. NM5ABUIUSUNTNABATYT Python (fid)
shdensFouslusunauniu Python (s0) Ussneuderdesteluil
o Midadmiunsteudeyauazuansuatoyaluniw Python
o N3¥UIUNTUTEUIANATRYALUN1Y Python
o MslusdadoulauasAdwing luniw Python
o Msasslnsieasuioflaidulune Python

o fiugunsidauluga Tkinter sy GUI (Graphic User Interface )

= vo & A o a = o U o ) Y
NNTLIYUIATEILUBDIA IUﬂ']‘lE}'] Python RPRAYMIIIAN ﬂqﬂﬂﬂqwﬁ‘Uﬂqiﬁ@um@%a

Y

PMNAYUBALALAITUNTDLAINNNTUTENIAHNALULEAIHAUUNLNDUTENBUAIEAIAINI

Y

input d1m15UN135UTYAINABUBN UAAIFINIS output EIMTUNITUAAINATDYA LYY

v a v @ v
VoyanoguumuLUs tunu

#Python string concatenation
name = input ("What is your name please?")

number = input ("What is your favourite number please?") print ("Art: %5d, Price per Unit: %8.2£" % (453, 59.058))
print ("So, " + name + " your favourite number is: " + number) \
N
|.& Python 3.6.2 Shell ] output
File Edit Shell Debug Options Window Help String Modulo Operator

e i s S0 4

What is your name please?Annie

What is your favourite number please?17 : :
tSo‘ Annie your favourite number is: 17 Art: 453, Price per Unit: 59.06

AT o LAPIAIDE19NITOTUNBANES Input/Output

s - https://hackernoon.com/python-fundamentals-4-concatentation-6caaf8d3alfa

e https://www.python-course.eu/python3 formatted output.php

n1sseuinsrUINNIsUsTINanatayauuiiuUslun1w) Python a5uneds
nsUsEIaNateyasenINedinys n1sldau operator lugukuusies Tun1wn Python gy

operator MeadlaAERS operator neaedn 1Hudu

Operators
Operator Description Expressior Result
Addition + Adds two integers 245 7
Subtraction - subtracts two integers 40-5 35
Multiplication - Multiplys two integers 2*3 6
Arithmetic Operatol
o " Division /  Returns the Quotient after division 20/30  0.666667
Modulus % Returns the Remainder after divison 20%30 20
Power, Exponential e Returns the power of left most integer 293 8
Lesser than < Checks the left value is less than right value 2<3 TRUE
Greater than > Checks the right values is greater than right value 3>2 TRUE
~ Less than or Equal to <= Checks the left value is less than or equal to right 2<=3 TRUE
I |
Betlonsl Dperat-r Greater than or Equal >= Checks the left value is greater than or equal to right 2>=3 FALSE
Equal To == Checks both the values are equal 2==2 TRUE
Not Equal to I= Checks the left value is not equal to the right 21=2 FALSE
Assign = Assigns the value to the variable on the left side num =2
Add and Assign +=  Add and assign the value to the variable on the left side  num+=2 4
Assignment Operator Subtratc and Assign -= Subtract the value from right to left of the variable num -=2 2
Divide and Assign /= Divides the value on the left by the right value num/2 1.01
Multipy and Assign *=  Multiply the value with the right and assigns to the left num*=2 201

AT e wanadagenseiuensldiu operators Tun1w Python
111 : https://shoutmepython.com/leamn-top-5-python-3-basics/
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nsiseuimdteuluuaziduigilun1w Python asuneds suuuunisly

uAd@eulymsiuaouly sULuumAhg nsimuedunsingmsen1sasng

= o o [ v
Roulan1syinegn WWumuy

A Test.py 7 Test.py
num = 10 number = 5
if (num == 0}: sum = 0
print ("Number is Zero") i=a0
elif (num > 5): while (i < number):

int {"Numb i t th 5" .
print {("Number is greater an 5") sum - sum + i
1 i=1i+l
else:

print ("Humbker is smaller than 5") i
print {sum)

ATl oo wansiegensesuIensTHNumdteulunarAdsingd
W1 : https://www.softwaretestinghelp.com/python/python-conditional-statements/
ag https://www.softwaretestinghelp.com/python/looping-in-python-for-while-

nested-loops/

nsseuinsaielnstigesnsedleiduluniui Python aduieiia nsas
= ¢ A ¢ o v = s A s o P % ] = ¢ A
InsBeaivoflandu nisldaulnsdiweivseflandu nisdwiudeyasenitadnsdizeivie

ity n1sUsEInanauulnstwasus ety Wudu

Python10.1.py

add_then_return(x, y): def funci(): Function definition
addiints =% +y print ("I am learning Python Function")
return add_ints

# This is a function (it has a return statement/value) funcl() Function cal

main():

B 2 it (input (vEnter another imteger: ")
print (add_then_return(a, b)) S Brion]0.)
# This is a procedure (no return statement/value) > "C:\Users\DK\Desktop\Python code\Python Test\Python 16\Pythonlio
10/Pythonle Code/Pythonle.l.py"
main () —, [T an Tearning Python Function Function output
a LY 1 a v .
AN ol LLﬁmﬂWﬁ@ﬂ’Nﬂ'ﬁ@ﬁ‘U']EJﬂWﬂGNTL! procedure ae function
= . .
U1 : http://www.gcsecs.com/user-defined-function.html Wag
https://www.guru99.com/functions-in-python.htmt
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nsiseuiRugIunsldauluga Tkinter §5U GUI (Graphic User Interface)
a5u1ehe MsAensluga Tkinter WWswnsuiuy GUI 38msligulusunsuwuu GUI lagldluga

Tkinter 1 Jusu

# Hello Python - O x
f Menu Demonstration -_ O *
File Edit Help
First number ’11}7
Mew File
Second number |20 Gpen...
Save
Add Subtract
Exit
Result 30

o

Country Vs. GOP Per Capita Year Vs. Unempioyment Rate Interest Rate Vs Stock Index Price

 COP_Per Capita ~&- unemployment_Raste e Swck Index_Price .

-
40000 1550 4
.
1520 4 .
30000 +
1530 4
-
20000 + .
1520 4 B
.
10000 1510 4
15004 @
o+ oy v

an 1930 1940 1950 1960 1970 1980 1990 2050 701 n EY 3
Year nterest Rate

-

&

1

Al o uanafiegamseulusunsunuy GUI Tneldluga Tkinter
fian - https://www.tutorialsteacher.com/python/create-ui-using-tkinter-in-python
https://www.geeksforgeeks.org/python-menu-widget-in-tkinter/ wag
https://datatofish.com/matplotlib-charts-tkinter-gui/
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TuunssuilaziSeuiaandnenssuvesa Kidbright Ta.uvesa loT fian

Y Y
'
L4

Walulae NECTEC %awm'wﬁ’*uQ’ﬁmaqmiL’%auiwé’ﬂmiﬁNmmawa%@ 0T 1esdu Tnen
N5 UlUILATULUU Block based programing Wiulusinsu Kidbright IDE TngasAusznau
vasunin Kidbright axUsznauluse lulasreulnsaass ESPae dsanunsadouss WiFi 1¢
LED uansna (iuwosingumgil uwesinanuiduuas dlns adnd Yesdmividousse
wuwesanneusnuaztesdmiuliuevimnilemuaugunsaiainateuen iudu augy

Anuanail
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https://www.tutorialsteacher.com/python/create-ui-using-tkinter-in-python
https://www.geeksforgeeks.org/python-menu-widget-in-tkinter/
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wuwasia LEDs wuIsas Sulwihiin

rukn0 Janan INNKED
QruKn _\ na0vWa ol
i a b iy
M
NEETEC“TI @_E
B INL = v =
aa DEi o
Bouds — . IGouda
— fiu chain
lwuLas IN3 IN4

10©

OUTL OQUTE svO

AJUAL 33 O
AUNS = 18 0
neuan 190

GND GND 230 i AJUAL

BND O - S = _ - - msriuvan
@ © @ &) "5 ©9 rhailend qunsalin
.}Hinistry of Science and Tecionology

{u 2 Qusiua

ATl e p9AUSENEUVBIUBSA Kidbright loT
11 : https://www.kid-bright.org

Y Ay 1 v a ) . I ° v ] a
QL?FJUV]‘lﬂJllﬂ'J']lIELﬂEJ'Jﬂ‘U Codlng ﬂﬂ']ll']iﬂ‘vnﬂ'l']llLSU']&L'{]‘Viaﬂﬂ']iLSUEJu

TUSUNSUDAIUANNTTYINUTBIUBSA Kidbright Hlaagsirelaenisi@isulusunsuniu

9

Kidbright IDE Fadudnwazeenisifeulusunsuwuy Block based programing A13§U

v U d”
A1UNINU
KID BRIGHT asalva lalwed Tudniva afaTulsunsu favan
[ viuswu
| Fdoemans
I assnNY finua tilu
I -usau I . L= =
I - (=) S B
I L@ nuas vin: [ uaadd 16x8 wumdau |
[ Fuwas mianan
I 25 divua dlu
I 1aTa —
I dugo waadd 16x8 uuudau |
> laiav ‘:-{han1

ATl slo wanEieens Block based programing Ut Kidbright IDE

Faspudanunsaisuinisldaugunsalisuauuuesa Kidbright tivetld
Uszanaldaulusivasialuls nenisldauseuy Real time clock sEUUN1TYIIUKUY

multitasking waza@mnsansldlaninan1usz UL loT Ul mobile application 19
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.5 dailnenssuvasuasa Raspberry pi
Tuuniseuilaziseuiieesdusenaundnvesuasna Raspberry pi ¥17deld

AUAN) VBIUDIATUANITIAZIBEARNUTUM AT

33V “ ( ) 2
GPIO 2 (12¢1_SDA) |8

GPI0 3 (2c1_scL) B
GPIO 4 (GPCLKO) [ERIE

[Nl o
GPIO 17
GPIO 27
GPIO 22
33v
GPIO 10 (SPI_MOSI)
GPIO 9 (SPI_MISO)
GPIO 11 (SPI_SCLK)
GND
ID_SD
GPIOS
GPIO6
GPIO 13
GPIO 19
GPIO 26
eno B

l GPIO 14 (UART_TXD)
GPIO 15 (UART_RXD)
GPIO 18

GPIO 25

Pl GPIO 8 (SPI_CED)
B GPIO 7 (SPI_CE1)
B 10_sc

Y GND

3 PO 12

[}

GPIO 16

GPIO 20

i GPIO 21

‘:4' = I3 . 4 .
NN ele LAMITIUALLDEADIAUIZNDU pin VBIUBA Raspberry pi

i :https://raspberrypi.stackexchange.com/questions/79870/confirming-the-

i2s-pins-on-raspberry-pi-3-model-b

1%
a YV a

wenmitleanigiseuaglmseusnisldau GPIO dmiu input/output ports

Y
¥

nsidouselitefuAgumgiinazauTudmSulsulwe3s DHTl nsdsnulada LED 13
\FousiofugUnsafiadifiemuaunisitevensasiiiusegsld
oo Madisulusunsuiiardeyadyanamniduiresdwandaudigszuu loT
unBsuilfFeuannsaioudnisléan NETPIE itewans Dashboard foya
#1991 7gnam191n Things 16t

£88 NETPIE Freeboard oATAsOURCES

8:58:18PM

8:58:18 PM

o o Q

8:46:47 PM

AT oo LARIFULUY 0T dashboard Tagld NETPIE

s - https://docs.makerplayground.io/th/iot/netpie-tutorial/freeboard
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https://raspberrypi.stackexchange.com/questions/79870/confirming-the-i2s-pins-on-raspberry-pi-3-model-b
https://raspberrypi.stackexchange.com/questions/79870/confirming-the-i2s-pins-on-raspberry-pi-3-model-b
https://docs.makerplayground.io/th/iot/netpie-tutorial/freeboard
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0. FynIuInansemeuyed vinnsiasasnisidunazaduluiniala
IU‘U‘WLgﬂuﬁﬂﬂﬁﬁﬁuiﬁﬂﬂ?iLﬁﬂﬂﬁlulWﬂﬂﬁ’ﬂﬁ] (Electrocardiogram, ECG)
Uuﬁugmmsﬁwmmaa%‘immm%’ﬁﬂLﬁ@é’fgfyﬂmu%nmﬁwmﬁaﬁﬂa NEDEREESE
AUl lafidunisszenmessnine tneldanandasiududidaings (Standard limb
lead) FafuszuunsIauuU ob an Aagurnuang
The Standard Limb Leads

Standardization

Bipolar limb leads ——»

Augmented unipolar -
Ilm% leads ol

AN een NMFIARAULNAN AR wrIsEeNsvRIs N e lngldanala
N : https://ecg.utah.edu/lesson/1

Tuuniigaldesurediuvesisvsvensuuuduanjuumnduwandsinions
(Instrumentation amplifier) 29A3TUNTELANA WALV (Right leg drive) ioldvenedayayo
ECG Aeguaua

mode noise ECG Amplifier

Right leg drive

Al el 1993VBUUUBUARUIMTUeLUS llie o
fisn - https://link.springer.com/referenceworkentry/10.1007%2F978-1-84882-046-3 12

o
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https://ecg.utah.edu/lesson/1
https://link.springer.com/referenceworkentry/10.1007%2F978-1-84882-046-3_12
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uonanilfalaesursiiomuannisilosnuresnsindygyrun1siuiives

nasaLdanf8uas (Photoplethysmograph, PPG) Lo luldindnsin1siauvasiala ¢

wandluguauans
IRLED :
Pulse wave
: amplitude
: (PPGA)

—

& ~
S Cl

_ Heart beat interval

(HBI)

Al e Myindyaunistuiivemasnidendieway
uN : https://www.researchgate.net/figure/Photoplethysmography-and-
photopletysmographic-waveform-An-Infrared-LED-illuminates-the figl 281168903

0. N3REUTUIHNTUNDATIVIAFYYIUTNDT hazIndayyIeunaunala

v v v

Tuunilazilunisiseudnisldlugainedulniila ADsbal wazlugain
Fey1aunsUuAIveIanaenmIsuas (PPG pulse sensor) iaonmanululasasulnsaiass
ESPenle

AD8232
Heart Monitor O T O

o,
%, o
Sosan s?‘,"o

L 4 )
‘ spark’?un

[y

AN oo Tugainadulndingialy ADslbal (F18) waglugaindayaiunisdusm
VDINADALADAAIBLE (U)
AN https://www.sparkfun.com/products/12650

ey https://www.itead.cc/pulse-sensor.html

Tnsuniaziildedureisandeude uarnmadoulusunsuiud oyaninluga

e insaewiagontv C lnsasidulufinisuansnaru Serial plotter va9 Arduino
IDE iowandiiiuiisanansatndyanadnliass
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https://www.researchgate.net/figure/Photoplethysmography-and-photopletysmographic-waveform-An-Infrared-LED-illuminates-the_fig1_281168903
https://www.researchgate.net/figure/Photoplethysmography-and-photopletysmographic-waveform-An-Infrared-LED-illuminates-the_fig1_281168903
https://www.sparkfun.com/products/12650
https://www.itead.cc/pulse-sensor.html
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v.00 MaBulusunsuieihdoyadyaiadnes wazaduiladhgszuy loT
Tuuniasdumsedureiadunounagisnisdmndnmnmaduiilaegis

38 m'miu@aLezml,ezia%i’mﬂ?iuiw%ﬁﬂa ADRloale harlugaindayaanstiuiivemasniion
fouas (PPG pulse sensor) Tayasnsinisidusialafenan azgndsluil Dashboard Uy
s2uv loT (luguiuuves Wif) siumsdeulusunsuidensevululasaoulnsaiasd ESPale

LOUARITBYAF A IUTNAIAIDTY AeFUAIUETS

Heart Rate

60

L
@ spariffon

AT alel SEUUTARATLARIHASnIINSITlaUY Dashboard Uun1siWeusenuy loT
A : https://www.hackster.io/andrewf1/cardiograph-073b10 uag
https://hackaday.io/project/21046-heartypatch-a-single-lead-ecg-hr-patch-with-esp32

ndsaniigFeuldAnuie eo unid {Fsuaunsansuimdnnismealulad
0T Uselemiduumeaiannsailudesenmulususiiedle wansSeuumdey loT aghs
dwﬁm%’uﬁﬁmé’uimwmua%ﬂ Kidbright 10T wazn15.3euR1&9s1u block based
programing iuan1slatssunann1slsulisunsy Software éﬁy’uqaﬁa C coding Wag Python
coding M3t3euiunannisviuvendugesaig TngmzirugesMAgfunisiauide
HOANIAIUNYATNTIY LU WS Tauas aamgdl ATy waswuwesTiieestun1sTa
Aeineg Tusrsmeitetaglunsiamnausuguamls

AgUNaNIIWAILNGDNSISBUNTEaY

TuduvesmsimwidenisiSsunsaoutiy winsiavhdensSeunisaeusendy

augUuuumeiy g

o. Smidensiieunsasuluguuuuialelushie Data Science $1uI o UNISEY
wazluiiite Internet of Things (IoT) I1UIU @0 UNLTU

. §midensiseunisaeuluguuvuueuiiudunuudulningiiin (infographic) lu
#1499 Data Science I1UIU o UNLTEU Laglu®a9e Internet of Things (I0T) I1UIU o
UNLSYU

on. NﬁmﬁaﬂﬂiaauiugﬂLLUU%"E]mmLflua'%ﬂLaﬁau (Virtual Reality : VR) luwdeSes
Smart Farm 974U o UNREU

o
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Tuw#ide Data Science
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(Infographic) Tuside Data Science
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< ' (v} 1 a aa
SRy el wardndsanuluguiuurduialowuy MP
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NEFARAINNYY ool
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dornuidussuaiiou (Virtual Reality: VR) Tuiiadie Internet of Things (1oT)
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TYTLIAN
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. Prototype: U@ 1uuyiiaUsznausIunu INeas 19aULUY

AANAY - WEFAINBY
[Slcta15)

ol. Testing: nagausuluulaggldssuy

NHAINYU ool

<. Final Product: deaunanugnineuaziidu Server

NHAINYY ol

o

AUNFYYITUNU BTo-0b/b-56

P Qo
WUU NnUd. ME-com




lassnsimunAugnansseuiiumalulagfdva

v

w1 whii2 v

AUMIIAY

AN ol MNBERINTTIRYIFoNsSEuMsaeulugUkuuNsHandensaeulugULuUde
Anuduasaaiiou (Virtual Reality: VR)

o

WUNFYISUNUY BTo-ob/o-00 N cen
LUU ANUd. ME-ooe



lassmsimuaudnanansiseusinumaluladig

a v

na

% | A 4 A yvaa a = v v v v & =
TUsEaRnany o ineddsulvitidaianisteuinenuasldidnlaninanges)
a va 1 < o yav v <
wazufuRedrautususssa waziinuinlaainaudnis
= %4 1 dl L4 = L 1
BeuilunaunsegaaivaiauamInedeuazUsemasaly

NanssuaduayunIsIseuS

=
n1sHnausy

AauzEITlammuUALEUNSENaUsITIUTRN s eatuayunsseuilundngns
“emsteya” wazwangns “szuudumesidalszauassnds (I0T)” lngaziden il

AMNRUANISHNBUSU NANgN “31/18%’1565@%@”

ol gudnanansiFeuiiwelulagfidvia dninreuiawes enAsuinnssu Aasalsy Uors 9 oo

LAMINENR AR UAS NS 5w Useanuiing

JUN @b UNTIAYL b&om (tentative)

nanssu
azieudlinTINa
WoWalasaNs “lassmseusudsufuinig
dioafuayumsuiivenmsteya”
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Preprocessing and Feature
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Python LUasu 1Aseasng wuzin1silsuy

TUsunsun191 Python”
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AN &€ AMMUTIBINIANTTEUTUIATINTRUTIIRIU TR iR aTiuaun1siseuiIneIns
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[
IS4 v a 1
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Toyaan1uvnUvesEitiausulaTINse UV URMseatuayun1siteu; f1un1sa
l 00

d0TUNAN
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@ yaraialy
@ idanindAneniniseu
@ srsduazyaaaing

A9 s¢ ToyadiineusulasimsesusdelUiRntsieaiuayunisiseuiine1nis
Toyaiun oo - o= NUAUS b&omn

MM oo TeyaanuiinuveIitiauslaTIMseUTIBU URMsieaiuayunsiseu;
WIS Ve U o0l — o0& NUANTUS b&om

® InfoTech Solution
© drinaudminmesys
o dtinaulanUydnesinun
< SUIAITNYTAUIAUTIAANRIYL)
& Sudedase
) U InaemAlulagnszIoNnaInTEUATIALle
o InterExpress Logistics
< 19015W@ 911in U
« UTEW #ile? 910 (W)
®0 W INRENALULAENTEIBUNATUYT
) L5a5usyUs
ol nsufaN1IEEt0e
®m Schlumberger
oc UIInUnIngerIaysendnne
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o AMEANBIANEAT LTINS UATUNTILIN

o U3 9lu walulad 91iin

wo GoingJesse

STo) M.Y.C. INDUSTRY CO.,LTD.

[515) VDevSoft Ordinary Partnership.

om U3t Insvimed G uuyuvlelaeds S1da

e CERGETGE

& UTEN N9 NANNITY) JIRTAUATAUL

oo AUNNUAWESULATHFN RN

e URMINIFUNBATANAAT ATLAILEU

s guniusauANREIMINTatuaYY

o NIOUNIA

mo NILNTNANTITUGY

0o U3t Bufens Buwmesiuduiua d1dn

anlo u.73le duvesn ndUosn $1in

enen Datapro Computer System Co.,Ltd.

ne Siam Proplate Co.,Ltd.

n& UTEN ALOTLO @8112187 9119

oo U ALOTLE @8112787 9116

ey URINGIRYATUATUNTIL TR

e W INIRENALULAENTTIDUNATUYS

e W INIRENAULAEIIYIAASTYYS

&o AUETDYADFINNTUNTNE SUIA1TDIATAIATIZN

<o AULTaYARFIMSUNING 5UIAITIAITALATIEN

) RN UATUATUNTIL 36

<en URINEISUATUATUNTILT6
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UNINYIRETIIUAERNT
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< UTEW ALOTLo @8112187 919
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&o UTEN Lwallum Wil 3119
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Tg{idheusviuuunasy post-test Litenaaeuaanilavesidreusy daannansmagey
WUINOUBUTUELUNDUTUAINTDVINAZUUULUUNAGRY pre-test I @.¢o/oc AzLUL 1A8Y9
ATLUUDYTENIN € AY om ATLUY UAUAI9INTBUTNUAIfRUSNANITAYII ALY
uuunedeY post-test Il oe.co/om AzuUL lastitazuuneysznine o Gt ob AvLUL
Az LLuuumstmuamwuaa mﬂwmLLamﬂwmu'amLmauwummmﬂﬂumamma
Ingnmsteyaiintundsiniunmssusiuds muawil go wasa il G

Average Median Range
8.51/18 points 8/18 points 5-13 points

Total points distribution

No. of respondents

=T ST VN < R - - =]

0 2 4 6 8 10 12 14 16 18
Points scored

AN <o ATLUY pre-test YalinauTHlATINMTaUTIAUS UANSeatuayunisiseus
WeMsToyaTuN o - o= NUAMUS b&om

Average Median Range
11.81/18 points 12/18 points 7-16 points

Total points distribution

13
Count: 4

4 .

MNo. of respondents

0 2 4 6 8 10 12 14 16 18
Points scored
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Tus ce

2. anwfiana la lagsmeasnsdnlasans

V mms mms wm: mE2 EE

20

ynufianuiiawe la lunmswzaslasinisasail

AN &= AviuuAuianelavesdidisusulasinseusI AU UAnsiteatduayunisiseus;
W3y TUN 0w - 0k NUAMUS b&om

Apsaausnivinuau la (danlaninnidn 1)
48 responses

Data Science 33 (68.8%)

Data Analytics and Visualization
Internet of Things

Text Analytics

Cloud computing

Basic Programming

Rabotics

Robots dwsuidniin 4 - 9
Robots dwuiinla 10 - 151

5(104%)
4(8.3%)

-1 21%)
0 10

¥

32 (66.7%)
30 (62.5%)
20 (41.7%)
17 (35.4%)
23 (47.9%)
14 (29.2%)
15 (31.3%)

28 (58.3%)

20 30 40
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YBIFTINA (Embedded Systems and Internet of Things Technology)
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a33ds (Embedded Systems and Internet of Things Technology)
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Raspberry pi
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mechanical parts and based on the property of an
electromagnet a connection is made with the
contacts.

- Solid State Relays (SSR'’s): Solid State uses solid g“\..
state components to perform the switching operation %’*
without moving any parts.

Types of Relay Based on the principle of operation ‘ %
« Electromechanical relay: With the help of few @ﬂ

Relay

3L 4 Ll 3LLL + Hybrid Relay: These relays are composed of
| { §| 1{ |T( T( §| electromagnetic relays and electronic components.
The input part contains the electronic circuitry. the
NS T SR NNDEANTHGOID Do Pl o MU AT | A O T BOST) output part include electromagnetic relay.

Types of Relay Based on the prmC|ple of
operation (Cont.)

« Thermal Relay: These relays are
based on the effects of heat, which
means - the rise in the ambient
temperature from the limit, directs the
contacts to switch from one position
fo other.

Connecting Arduino to Relay

Connecting DC motor and 9V power source with the Arduino

* Reed Relay: Reed Relays consist of
a pair of magnetic stri Hss (also called
as reed) that is sealed within a glass
tube. The magnetic field applied to
the coil is wrapped around this tube
that makes these reeds move so that
switching operation is performed.

Connecting an AC-powered device and an Arduino to a relay
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information /
data / ideas
using
appropriate
approach /
method) (Key
technical

challenges)

approach

o No or
inappropriate
references
used to inform
project
approach

(e-& points)

approach

o Few
appropriate
references
used to inform
project
approach

(-@lo points)

approach

o Several
appropriate
references
used to inform
project
approach

(em-@o points)
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NAN1INAADY inappropriate not clear, o Background & and innovative
(Background, Background & focussed or relevant works | o Background &
Objectives) relevant works made explicit suitably relevant works

mninmally o Background & surveyed broadly
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(e- o points) superficially (em-e& point)
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UATIENR technical technical technical technical
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needed addressed in addressed in addressed in addressed in

approach
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appropriate
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from a wide
range of
sources used
to inform
project
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appropriately) approach are presented in of approach challenges
(Approach, minimally appropriate are presented | o All aspects of
technical presented depth in appropriate approach are
reasoning) (@-@l points) (@m-@= points) depth presented in

(ex-lbe points) appropriate

depth
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& @10RNIT ®&% | o Lack many o does not o include almost | o Include
91U important include some everything everything
(Presentation/C parts required important required in the required in the
ommunications/ in the VDO parts required VDO VDO
Demo) o Lack main in the VDO o move from o States main
ideas. o Lack main one idea to idea and
Presentation ideas. the next but moves from
order is Presentation main ideas one idea to
confusing order does not may not be the next in
o Poor time make sense clear or some logical order,
management. o Lack intro or ideas may be emphasizing
o Use too few conclusions in the wrong main points in
inappropriate, | o Poor time order a focused,
irelevant management. | o Has an intro coherent
descriptions. Some topics and maner
(@-o points) are too conclusions o Has effective
short/too long but are not introduction
o Use too few effective and
inappropriate, | o Generally time conclusions
irelevant presentation o Organize time
descriptions. well but may well
(ev-&¢ points) spend too o Use relevant,
much or too well-chose
little time on descriptions,
some topics facts and
o Use some examples to
descriptions, support claims,
facts but may findings
not be (en-a& points)
enough. Some
are irrelevant.
(@0-0lo points)
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Sinusafindifiedansaauzianil snashlulfifisnsadansendaadu
(Pre-screening) Tuuszwinssuausnntuituivindnald douftvzdegianidn o TuimamsmouiougUnsaifimuusiue i
gnsruaunsrsndansasanasgiusiell cortelation costRelenti0 90 dnii

Waduves VOCs 5, 10, 25 ppb F
o TumsTdluma svM ldn AUC = 0.71

Classiier model

aUs:avAvavmsasvavls:aud

i Linear SYM 69.4%
1. Anwansusiidgngussdunidszivedng (Volatile Organic Quadratic SMY 63.9% o F
| d_ e o I
Compounds ¥3a VOCs) luaumelavasfitheusiean wiahlusiaun iatea Bes bR
‘ o . Logistic Regression 62.5% 4
qdnsmqnmﬂnwsauﬂd (Electronic nose: Artificial olfactory sensor) KNN 59.7% —
2. msfimugunsel e-nose Tumsienisiansiiaghainaumelavasdine Boosted Trees 56.5%
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o

dumudmaznisndfaldig

aonaonIIM

VDALY
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1. Chang, ), 1, Jgon, L, Sriplung, k., Yeesoansang, 5,

il
atleras of Lung Caacer Incidence by Fiste, n 1hail o ! of global oncology, 4, JGO-18, (-2)/
& Suwarrungruang, K (2017). National \)
ard subnational sop p cancars with the “rshest burciens. Cancers, (8], TWINEAY et
136, kLA L s ATATIUN LANMA o

heem, b, licses, | & huaeacungruang, K, 2018), 1erpaial |iends ane

Py
AU gD andnsu

msdszn:ml‘ilfludauuﬁvuavtnsvnsﬁwmgue’nawmsrs'ﬂu§‘shutnniuiaaoana (The Project of Development Knowledge Based Learning
Center using Digital Technology) [dSunugakyudianavnuddsua:Haniamsas:eidew AvmsinsniAd ua:Aamsinsaumnay tWous:Tesu
aisiseu: (dinviu aans.)
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HY28A8n319158 AS.AUAW TOATUNT
AAIVNIFINTTUABURUADS AULIFINTTUAVANT U INYIBYFATUATUNT I LS

Mobile: +ob (o)se sixmlo e@&& e-mail: somphop@g.swu.ac.th

PROFILE
UTEaunsalnIsN RN SEOULAZIIUINY (Lecture and Demonstrating Undergraduate Students)

U UN1INE1SY University of Southampton Wag UIngagaIuasunsila Juseaun1salnisvineu
Tusunida genemsdinaeuiiunes wazdagduiiswinumis AnuRrMgImNTSNAmEnS NnIneTde
AUATUNTILIA 1AUIANUANNTANAIUEIYY Eelectronics, Electrical, Computer Engineering wag

#1U1901U Biomedical Engineering

EDUCATION
WA béew - N.A. b&&n University of Southampton, United Kingdom, PhD in
Electronics and Electrical Engineering
Thesis “Microfluidic systems for cell transfection using
sonoporation and electroporation”
N.A. b&nd - N.A. bd&co Chiang Mai University, M.Eng in Electrical Engineering
N.A. b&nlo - N.A. b&nc South East Asia University, B.Ind in Electronics Engineering

ACADEMIC APPOINTMENTS

W.fl. ool - Uy ANUAREIMINTINAIENS U INedeesuasunsilsn
WA b&oe - WBIPU WA b&ob  LBIUIENTAINADURINDS UMINSIFUATUATUNTILSN (@7 )

Y
WA b - NUAWUS N.AbEoe KoMnuNsatinAauiimes uineduriuasunsilim @dein o)
WA bEER - W.A. b&oo NITUMTANUMINGIREATUATUNTIIAUTHLANEUIINS

WA bEER - N.A. b&oo ARENTTUNITUSMNTNUYARSUSET NI UASUATUN T LTal

Y

WA b&oe - YaUu

a

NINAAAULLATYIANENT UNNTINGIRUASUATUNTILIA

e

a [ s

WA bede - Yagiu NIIRaAANEAIANMENT UNINENREATUATUNTILTA

e

WA bees - Uiy vssnanaidtndeuasivalulagnisfin

LU NINYIBYATUASUNT SR

¥ a o

WA b - Jagiu AnsenanAldtinnageunemsAnyLazInine

R q q

[y

PINYIRYATUASUNTILTA
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N.A. b&oo- 5UINAN b&po
WA, w&&en - W.A. o
e beee - Jagiu

WA b&&o - N.A. b&d&m

WA b&ao - N.f. b&e
WA b&am - N.fA. beew
WA bl - N.A. b&&&
WA b&eo - N.A. &

WA b&na - N.A. b&mD

TRANNING

WEFRINNYU WA b&oo

NUAUS N oo

AMNAN WA b&Ee

o
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fnsinandane Tmusssuaanndeunaznsviondiondaing
UANINYNRBATUATUNTIL TR

AFIRILS TRIRNUARNEIYINTHAUTEAUAMAINAISANY
AMEIAINTIUANENS URINYIRUATUATUNTILIA
9719159U521NAIBIFINTTUADUNIADS AUEIAINTINAERT
UANINYIRBATUATUNTIL TR

Teaching Assistant, Faculty of Engineering, Science and

Mathematics, University of Southampton, Southampton,
United Kingdom

® flectricity and Electronics (workshop and Laboratory)

® Engineering principle (workshop)

® Digital circuit design ( Laboratory ‘wooel ECS)

® Photonic weeks for undergraduate student boeo
ANSIFLNUS FntnIAIvIEInssulnin Auedrmnssumans
UANINYIRUATUATUNTILIA

A5 LTUITRIAMUARNBAINTRER AEIAINTTUAERS
UANINYIRUATUASUNTILIA
919159UsEn1AIEIrnssulni augddinssuans
UANINGINUATUASUNTILIA
p19158UsEIINAITAlUladasawna ausnaluladuagnig
IN15geamnsId anvumalulagnszasunanszunsivile

3enns (Electrical Engineer), Minebea Thai, Thailand, Process Engineering

NBTC-ITU Training on "Building loT solutions for e-
applications, Hotel Novotel, Siam Square, Bangkok, Thailand
AUN-QA Training Course for Accomplishing Programme
Assessment (Tier @) at Pathumwan Princess Hotel, Bangkok,
Thailand.

ICT Management for ICT Manager, Information Technology
and Advanced Management Program, Class of boed,

NSTDA, Thailand and South Korea
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YU WA bdeD

LWIUU WA b&&m
- WEWNIAUN WA b
NHWAIAN WA b

- NINHIAU WA béc

NEAINIYU WA b&me

- UNTPU WA b&end

AWARD

NA. b&es

WA b&&lo

WA b&&&
WA bd&&o

NA. b
WA b&ole

NON-CIRCULAR ACTIVITY

WA beec-bdex

WA b&&o- bd&&e

Y]

VHDL and FPGA Implementation Workshop, National
Electronics and Computer Technology Centre, Thailand
Digital Signal Processing for Communication, South-Australia
University, Australia

Korea Training Course in Computer Aided Instruction, the
Seoul Institute for Vocation Training in Advanced
Technology, Korea Manpower Agency and the Korea
International Cooperation Agency, South Korea

Switching power supply design, Minebea co., (td. Fukuroi,

Shizuoka Prefecture, Japan

I§sumuansgualnglunsnuselussiudiygnoniivszine
99nq (Thai Royal scholarship)
1ASUS19TasULLAANIIAIUIAINTIUAIEAS The Anglo Thai
Society Awards Education of Excellence: Engineering and
Technology, a Useind United Kingdom

YARINIAWIU A18TYINTT AEIAINTIUAIENT UNTINEREFATUAT
unIlsal luseAIUTeU o U

YARINIAGIU F183YINTT AEIAINTIUAIENT UNTINERLFATUAT
UNTIL3al

Iasuseiadnsumsnaitouninu Uisdntd bees

Senior fellow of The Higher Education Academy, UK
Professional Standards Framework for teaching and learning

support in higher education.

Usgsnuaunauilnizaulne (The president of Thai Society
University of Southampton)
LAYIYNIINTTUNITIANTANAUUAIAINTTUAIER SUIUTEWAlNY
arfofl oo

MEMBERSHIPS IN PROFESSIONAL SOCIETIES

Member, member of [EEE: 80526501, USA

Member, Student member of IEEE, UK

Member, Council of Engineers, Thailand
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1139 (Research area):

Cell transfection, sonoporaiton and electroporation, digital circuit design, embedded

system and applied biomedical applications

Research (project completed):

- The Prototype of Thai English Machine Translation Head of project

NURLUNIHANWIBINM S UIzAUMIYszna (International Journals):

®.Rodamporn S, Harris N.R., Beeby S.P, Boltryk R.Jand Tilman Sanchez-Elsner “Hela cell
Transfection Using a Novel Sonoporation System” IEEE Transaction on Biomedical
Engineering, Vol. &z No.&, pcloa-aae ,April, boes

lo. Wiriyasuttiwong, S.Rodamporn “An Application of Fuzzy c-Means Clustering to FLC Design
for Electric Ceramics Kiln.”  WSEAS Transactions on Information Science and Applications.

Issue @, Vol. @, peca-boam, July booa.

National Journals

®. Somphop Rodamporn “Transfection of Cells in Suspension Using Sonoporation Method”
SWU Engineering Journal, Vol o, No @ (boeae): page €c-&&

. Watcharachai Wiriyasuttiwong, Somphop Rodamporn, Kissakorn Nasok, Ithti Sa-nguandee “
University Research Management System (URMS)”, Srinakharinwirot Journal (science and

technology), Vol &, No el (boee) : eac-ebo

International Conferences:

®. Watcharachai Wiriyasuttiwong ; Somphop Rodamporn ; Itthi Sa-NguandeeA Medical
Knowledge-Based System Shell for Thai Physicians, woew erd Technology Innovation
Management and Engineering Science International Conference (TIMES-iICONwooe) , ab-o&
December boew, pp.o - &

. S. Rodamporn “Developing a prototype of sonoporation system using ultrasound to
facilitate drug delivery”, Biomedical Engineering and Sciences (IECBES), woec IEEE
Conference on Biomedical Engineering and Sciences, z-e@ December boec pp.ebe - ene

en. Wimol Chanchanachitkul, Puncharas Nanthiyanurags, Somphop Rodamporn,
Watchareewan Thongsaard, Theekapun Charoenpong “A Rat Walking Behavior Classification
by Body Length Measurement”, The boee Biomedical Engineering International Conference

(BMEICON-wo®m) oth , October ba-b&, woem, pp.o-&
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& Rodamporn, S “Optimal parameters of electroporation for gene and tissue”, Biomedical
Engineering International Conference (BMEICON), bo®e IEEE Conference Publications, be-
me January. boeb, pp. ba« - bzl , Thailand

&. Theekapun Charoenpong, Theerasak Chanwimalueang, Somphop Rodamporn
Improvement of Human Head Detection by Using Head Region Identification Algorithm and
Ellipse Fitting Technique;The eoth International PSU Engineering Conference; May e&-e&
Jooa, Thailand

. Rodamporn ,S “Gene and Cells Transfection Using Sonoporation”, BIT’s & Annual
Symposium of Drug Delivery Systems”,en-& November boe®, China

¢. Rodamporn, S., Beeby, S., Harris, N., Brown, A., Hill, M. and Chad, J. “Microfluidic system for
cell transfection using sonoporation and ultrasonic particle manipulation” In: International
Conference on Cellular & Molecular Bioengineering, @o-elo December booel, Singapore. p.
e

. Steve Beeby and Rodamporn S, “Biometrics and Microfluidic” UKDF o%, ,Chancellors
Conference Centre, The university of Manchester, o-¢ April boon , The United Kingdom

(Oral presentation)

Attend international conference:

®. Scottish Sonoporation Symposium,e August boo, The university of Dundee, Scotland

. MME boob eeth MicroMechanics Europe,m- & September boob,University of Southampton,
The United Kingdom

en. Nanoscale Physics and Technology: the interface with Medical and Biological Sciences , ©o-

el March booe,University of Southampton, The United Kingdom

National Conferences:

. Rodamporn, S, N.R. Harris, S.P Beeby and Tilman Sanchez-Elsner “Transfection Hela cells
and pEGFP-Ne using Sonoporation method” ,M3UseyigINIATUATUNTILIAIYING A% &,
on-oc HUIAL bedd (boee)

. W. Wiriyasuttiwong, S. Rerksuppaphol, W. Narkbuakeaw and S. Rodamporn “Medical Expert
System for Acute Abdominal Pain” Proceedings of The o™ Symposium on Thai
Biomedical Engineering (ThaiBMEwo®o), peoo-koo , August, oo

o. Rodamporn, S., Beeby, S., Harris, N., Brown, A. and Chad, J. (woos) “Design and

Construction of a Programmable Electroporation system for Biological Applications”. In: The o™
Symposium Thai Biomedical Engineering, ez-e December bwooel, Thailand. pp. bae-bae.
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. A59ulA5aM T8 “ sruupudeyadaniifeeoulatdmiunaseuinansssulunselasign
(Online Multimedia Database System for Learning Dhamma in Tipitaka)” %u33eRusiglauniinede
AuAsUNTIlIa U beee (seziia o U)

o. f311A5sN538e “msiaiuaieusznounslvsimessuudanisgsiatifisvuiadn”
(New Entrepreneurs Creation with the Small Travel Agents System) (2821387 @ U)

< f5ulasanside © mafauuerfiladuvuiiefodnivussidiumaludusisnelumelne

[y

NMATeRUEleuInederiuasunilsn U beoe (S2e81 o U)

v

emihlasanside “ lassmsiaugudnarenisseudinunalulagaiva” lasuyuaanyu
NNBWIATELazITMUIAININIELEES Aansinsvieu wazAanisinsauwiay iedseloyiansisue

(@119 NanY.) U bl (52884787 o V)

v =
nﬁum{lugngmmmq

® ANYNTIUNTUNTIUHULNUNETEUMALAZNTEOET UNTINUIFUFSUASUNTILIAl b&po-bdom
® ANYNTTUYNINUHULLUNENTEUNALALNTEOENT UWINUINYATUATUNTILIA bEEE -“oEEs

® Reviewer (boew) Physica Medica: European Journal of Medical Physics

Title: Conceptual design of integrated microfluidic system for magnetic cell separation,

electroporation, and transfection.
® UIIUNTNNTINTAITIAINTIUAEAS AULIAINTTUAANS UNNINLIRYASUASUNTILIN U odan —
&
® Reviewer (boeb), TAITIFINTIUANENT UNTINGIFUATUASUNTILIA
N39IRAIUSEIENUNAMLIYINNT BMEICONbOosl®

N39IAAUTEEUUNALIYINTT IEECON boews uag Technical Committee

=

seRanAUsTiuAAMENaAN Y uInedesuasunsIlw

N3aARUTERLIATY aadugvsmansmalyynasidy i inedeasunInTilim

v eXlp XN eXlp XDy

[ J
e

VTN NDIUTIUITANT NIANTIAINTINAIENT WnInedeinalulagsvuenaaiuul (RMUTL
Engineering Journal)

® ([UsziiuunAalvINM TN IiRLUIISmans andudadinfmuuimsmans (Hen) NIDA

® (Session Chairman) The lond Symposium on Thai Biomedical Engineering ,&-o August boeo

Twin tower Hotel Bangkok

o
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® (Session chairman) M3UsgauAgMsmadmnsaliih afsf oe o lsusuuesaines 1ou
iy ing uil oo-o ganam beee

o nssumsinsandeiauslasinmslunisusiuiaulvsunsureufiupoiuisssmealneg adid om
(NSC) Tagaradvipeuianes augineiA1ans un1inerqedaling sruduaudinalulad
dudnnselinduazaouiianoswiiayd ddnauiauiineidiansuazinaluladuaya
nsgnsIingreansuasinalulad wazdinauduasuenavnsugo AL S U@ (29An13

111%U) (o TR UA) AUS18U & e

y 4
AMNITNMIATHDUY
WA oees - Jaqiu AUTHEUAMAINANTANYITEAUNENERNT Uavseaunne an1dunising
WAl b&oo Use51UAMEaUNTINNITININTNUNUENSAERSLaT1 b&oo-b&om
WA oees - Jaqiu Use5uAMENITUNSUTIMIVaNgasseaudadinfine angdmnssumans
UseUnsfinw bees (Usa. Imnssulni)
A bees - Yagiu ANENTTUNITUSMSUANgRSTERuTNnAnw Auglrnssuemans

UsganUnsanen bees (.. Ienssuluin)

N.A bEde - N.A. b&ds ﬂm%ﬂiillﬂ’]i‘U%‘Vi’]iﬂaEﬁ/]éﬂ’1iﬁwuﬂu’mii’WQNﬂ’]WﬂﬁiﬁﬂH’]

IR INEIFYATUATUNTILT6
WA bdEs - WA bed  ANZINMULATININAILILAZAAAITE LTI TIUUTEL N TR ULas Uty T

WA bEEE - WA bE&  ANLNTSUNSUTEIETNADURLNDS

Uszindnssnisuendainditnaauiiames
WA bEEE WA bE&  AUENITUNITUTIIAUNIN UNINYIFATUATUNTILSH
WA bEEE - WA b&&  ANENTINNITNSANYITEAUUTYYIRSUTEIMEMSIRanainngly
WA bEE - WA b&d  ANENTTUNTANTIUNUAIUIIING

WA LEEE - WA b&&e)  ANENTIUNITUTIMTYNSANENT ALYIFAINTIUAIENS

UMNINYND AT UASUNT LS
WA WEEE - WA b&&)  ANENITUNITINVOUIA UL INGIFUATUASUNTILIA I198NTANEN

WA & - W.A. bEde Q’Lmuamﬂmuﬁ%mmimmam%u;viqﬂszLﬁ/mlwsf[,umwﬁﬁ"mﬁﬂu
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