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5. arwiidewiu malin uaznssuiunmsairsdumesidnvesasswds (0T) uasdoug vun
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Huasaaiiou (Virtual Reality: VR) uildavusuldlunmsesnuuunisu3nis dedueasunisvioadion iy
fagunslidoyatines maasuamdnuainsvioudienfiviualie nisasenmaiouaiaduvnnisal
TulseiRmansfidaa wagmafiuszaunsaiinieadiedlfidlaegadngds nmseenuuunsuing
TwsivSousuugamsnssuiunsuinsieiinyssansnmuazanduyuituiduuinnssunsvieadiend

'
o =

ATz tisduasunmisuiivivesUssnelneg
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AanIsuNITANLERaNLUUNTITUSNISIINaNTsUszand Ldmalulag 5G lugnaunssy vieadian fivade

Feseluil
1. Icebreaker activity: Snap, Clap, Stomp
2. UTI878 Mann1sURIn1sAngseanuuulun1suUInIg (Service Design Thinking)
- Service Design Thinking Avagls dAgyedisls
- ASEUIUNITVBY Service Design Thinking (Double Diamond Model)
- $hethensth Service Design Thinking uldlunsesnuuumsuinisslusazsinaUszine
3. ussgredean1unsalilazlen1areawInients uinisluauian: “yunesveeusznaun1siunis
Wasusinlugueamalulad 56 Tona vide auassn”
4. sgaNaNes “AAuLiImNIABULawesNs THu3ns”
- wuidneusulungueey
- Tuslazngusyanans Tu Context Map tievianuithlatigmsutu Winan 40 wil
- iusiagnquidiauenuu Gallery Walk fidag 3-4 Wi
5. Reflection Ail#iZous “I like; | Wish”
- Anensbigidrsmeusuideudaiveu wagdsdl foemsliifindn Usuugslu Post-it note uag
thluudglifudnaifme
- tUannedmiuianssy Tudaly
6. Social warm up: “My Precious Thing”
- fuheusuiinds Asiidiawddny/dauiigaves fuedunisiduguszneunisgsiauing (3
W)
- MWusauuenuazedungliiieusiueusuiledn “deil drdnuasiinuiigalunsilidmieady
AUsENaUN13EINAUINNT Aoeyls uawvilu” (30 Jundisenw)
7. Us3818 “mavanudilagnAauasTyvd afl (Empathysaznismanuinvesdam
HAnUfUR
- msssynqugnAndmneuazanuuzngugnA iy (Persona)
- msdunvalvazdanangugnandiming
- MTAATIER 5 Whys 1153a¥11 Customer Journey Map, Pain Point, Opportunity
9. Warm up: What can you do with the Coat Hanger?

- Uy ﬂﬁ‘iﬁﬁ/i‘léﬂ‘ﬂ@%ﬁ/lﬂ%Eﬂ,uﬂﬁLLfgﬂSU (Define)
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- WnujuRnsseulagm waznIRaUsEIRY How might we..........
- 1d@ue How might we.......
- Reflection: | like, | wish
10. Warm up: ievhlfidrsiumdendmiunsan aeassd 19ianssu 2 Aanssu
- 20 Circle Exercise
- Draw a vase: 219U
11. UT3878 “NISANATINETIAIDNILAUYMN: Ideation”
12. AnUfU#
- wanwasuCustomerJourneyMapsitavh anadlaliem (15 wd)
- aasialang n1suad S nnsud Y i (How might we) a1n Customer Journey Map
(15 u)
- MANATINETIAIONITKATYRIMIssion Impossible/ Opposite Thinking (45 119)
- ms@enisnsunUgilagltimpact-Effort Matrix
13. USS819MIIAULUUNITUSNNS(Service Prototyping Concept)
14. AnUUR n1380nWwUU Service Prototyping kag N15YIAERU
15. AU UR (sle)
- veseusuluUileiuTeyaazyieundy (Feedback)
- ayuniseusy

- UsElHuNan1IauSY
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1eNa3AaUIENBUNTAUH 5G NUN1TBBNLULLIANTTURAINA

o

@NEISUTLNBUNITOUTY “NINTINVRINALULAE 5G 1azn1sigeu”

L

% >,
&2

nane. mMud. =2

7613 1nalule®

\

ATNSIUVD
walulag 5G
LazN1s L u9u

lassnsiaudnenwyaainsiina i
anansaimalulad 56 uussenauas
fDYaN lUQARMNTINUINIT

ANSINVBINALULAE
5G LazN19 keI

* 5G feayls
3

* FITUINITVBINISHRAITARBUN

* yludes 5G

* msmuATeneiledellg 5G
LRGERGEGN
* gliu3nisiasedng 5G
* msiaunsansldenu 56 lulseine
Inelay nany.
* AUANUNTOVBY 5G

* nsihlulgeau
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Generation (gA)

- 0
G '-il--lll

>
>
Data —
Full multimedia sy
And more ==

Voice

SMS/MMS

5G

BWOSEBH Y
AR E® L O E
@ PLHTE L
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%

ATUINITVDINISEDEATLARDUN

1G 2G

-

:

e 9O QL e

- Ultra HD
hﬂ 3D Video
1980s 1990s
Voice only Voice & Data Digital,
Analog signal SMS
NMT, AMPS GSM, CDMA, GPRS,
EDGE
2 Kbps 64 Kbps

gAd 1

lugiamaissy 1980s  szuulnsdniiiadiouniend 1 (1G) 19sunis
waiwduieliuinsludmdydluguuuunisdearseunden
(Analog)

welulaBlésumniennniigalugaiufe Advanced Mobile
Phone System (AMPS) 7iwaiunlag Bell Labs doyyondeaRzgnyin
mskaudnaiueiuniuazdieenonelagldimadianisdids @
VEEVNILUUMUSANNETIEENTY Frequency Division Multiple
Access (FDMA)

syuuiideininlnefidnuiudesdyniutes vlrliauisasessunis
YeefvesTIuaURe ATl

gunsalnnwifivwalng) 1Aung uaziUdeamdsnuuusne’ [Wudu
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gAn 2

sruulmsAnTiladauiandl 2 (26) Wawiseunaineaksntugeneu
avianssi 2 semadisviauazdudadaaluguuuunisdeans
Advia (Digital) eLiuAEINTaluNNTTRTUd gAY

o i

waluladfiddtyuazasosd LIt mansnaInYedgsn
Tnsdnindouiivilanie Global Syster for Mobile
Communization (GSM) udlsliusnsadausnlud a.a. 1989 Taeld
wmadansdfmatenewuusianafiiendt Time Division
Multiple Access (TDMA)

GSM Qﬂﬁwuﬂ% European Telecommunication Standard
Institute (ETSI) szuvanusalsudly (Roaming) tatien
nsdnndedeluldlumdevisdulusisussimals

anunsabiumsUssiandeya (Data) Ay 64 Alatnsedund
Tngsossuuinssudsdonanudu Short Message Service (SMS) Wag
USNsnnLazsTaRiiie Multimedia Message Service (MMS) 161

* GsM gnitanntuluBndudhenissan Packet Switch
Network Tsiiduszuulnsdmiiadoudiuadt 2.5 wie 2.5G lag
onneliladiiin Generic Packet Radio Service (GPRS)
iioneuauswionsiudioyavesflfnuiiiiuiy

* awsabiuinsUssiandaya (Data) iA1anss 160 Aladn
founil

e fuaednsdnviivunndnas Suddwalduasidniulale

—l -
19800
Ve g™
LB RS Pl
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gAi 2

* GPRS Qﬂﬁ’&um%yulﬂ§ﬂizﬁuﬁwmiﬂ§ﬁzyzgmuw 8PSK
Modulation fﬁqmmsﬂ'ﬁ”uda%'agaﬁaammﬁaﬁﬁwfuﬁd
Uszanas 500 Aladnsedund Sananewdusyuunisdeans
\ndeufign 2.75G iiideiFendn Enhanced Data for GSM
Evolution (EDGE)

v %

* Md1gen Internet Boom

ATIS = Alliance for Telecommunications Industry Solutions
ETSI = European Telecommunications Standards Institute
CCSA = China Communications Standards Association

TCC = Telecommunications Coordinating Committee
ARIB = Association of Radio Industries and Businesses
TTA = Telecommunications Technology Association
> UINTIgIuNigneenLuuNIianIiua

Pev
I'RY . . o . A4
> LLwam‘waimmﬂ*ﬂmu‘uaﬂmﬂwwmaau‘ww

NN INTANUIANTZNINU SN 73
International Telecommunication Union (ITU)
ITUST fviussnassiulnsasuias gnimUIAINLINSEIU IMT-2000 witeldiu
. - R o ¢ A A o
ITU-D daasunisidntieansaund wazwmaluladansaumaluuiuiuseine sgravinie mmgwmaﬂmﬂwwmaau‘wqw 4 Togyin
ITU-TELECOM dnauuansdiud msdszas uazinssanssewinszme Tnedmaluladdui Wszuulnsdniimdouniddnsnialunisda

ITU-R u%mitmum?iummﬁmiwdmﬂizmﬁ waEnENEINTANER Houanniunaviduunannesuseaulaniiay
)

asranisliusmsiledolnl 9
ITU Radiocommunication Sector (ITU-R) anfau s Tuinusiuinssud iy

IMT 4 o oas .
‘.V waluladyail 5 fdnaruamnsaludising
2020

. . . . Lﬁ'u?gumnmmmu IMT-Advanced
International Mobile Telecommunications (IMT) 1 .
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%-;J
x@ @ 3RD GENERATION I E E E
PARTNERSHIP
= w rRDJEI’:T "2
A GLOBAL INITIATIVE SePPs ®
S
GSM IS-95 802.16 FIXED WIMAX
GPRS CDMA 2000 802.16 MOBILE WIMAX
EDGE CDMA EVDO 802.16M
UMTS CDMA EVDO REV A
HSDPA CDMA EVDO REV B
HSUPA
HSPA
LTE

LTE ADVANCED
LTE ADVANCED PRO

* szuulnsdnindeuiigan 3 (36) lgnimuuagldnuneudasiuneissy 2000s dredefmuaain IMT-2000

£

v o o Y | v ad a a s & ' v a =
o * aunsabiuinisnisdeansidedimainvaneguuuy Wy e doya dadtivie was Buwmesiila deliAnannunilo
EJﬂ‘Vl 3 YesauIvlnuLazieUnaLAdy

* gunsasudsioyameninuiivsyana 14.4 wnzdndedunfiannnsldaunily uaz 384 Aladndaiundiainnis
ndauifIsAUSITTAVBUN LY
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* gunsavinusaufiuiulasedne 2G nlleginaldagneasia annsaldnusmiulassdieialan (Global Roaming)
nanfeguslnranusannwigunsalinsdmiindeuiiUldld alan Tnglideaudsuindos

o
N3 e mmidives 36 sntuduiige 911 26 Fildinsdesedeaaiululfasnmnd

* feriliatuvesauninliudenunsaliusnsssuuides uag woundwdusuuuulng wu sauanenimd ndasdnagu
ANMATWEY LATDAEUIWAY ATREUIRLE n1sanliviannu uaaensIAn waznIsuanurLR Wk

gAd 4

* 1ud 2008 anaminsauurauszndtslsandliaan
Sa oo A

WNTFIWATENAUI IMT-Advanced Liiaidunuinie
lunsiauszuulnsAwiiniauniead 4 (4G)

* s995unsludaRTifenmAIWES LU NTEUVUINIY
TUsunsu Video Conference lusgduanuautanuy
HD Msusunmeuns wazn1svlanasuuuesulaulay
luazan Bnvisds anunsasulnanvienniulnanveyad
wWulvavualuglaglunailuuiu

. mmsa%’uda%’aaﬂaﬁmmjmLfn‘dixmm 1,000 LunzdN
daduriiannmslderunaly uaz 100 wnzinde
FuriannnisiAfoufifagad1usIsEAUETUNINUL
(Futmanglummaui)

* weluladldsumuionlugail 4 Ao Long Term
Evolution (LTE) #ignWwu1anngd The  3rd
Generation Partnership Project (3GPP)
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gAd 4

aunsalasunusennaasenglng 4G warlasene
WY 3G way 2G lapgnasiuiy

* AnuiiAYUed 4G wilendeanauegadalau 1w v
Tigldvaluanunsavitnisanenanaamnnisalaingg
sinususalnuld

* seafunsldnuueunidnduniimsimnuuiiugiues
szuuduwmesiinlusinaealdognad

* 5895UNT5U1YBY Internet of Things (IoT)

“5G A9 WALLlagng
-~ v P 5
doansliavenil 5
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gl 5

Faduumsgrulugail 5 (50)

* 5G fauaudfieiug fal

* 5p35UdmsINNSANIUIaRYB9SEUU Peak data rate 91 20 AinzUnsa

i

* 5p35UdMIINIIAIIlARYEY User experienced data rate 1 100

wnnzlaradunil

* anuFnsindeudigegandendddaulife 500 Alawnsdedalus

Tngannsasessunisaeansuusaliauiig
* aunuaslusEauaIndn 1 faddund

annninsauauszrdtslssmaldeanuasgrunizeniuil IMT-2020

Communicatio}

* ausneusegunsallalitienda 1,000,000 1A3ae 1 A1919

Alauns

* dannvdedoyageansdeniui 1 mMIuuns Wiy 10 wnedasedund

5

.am
)
=)

5G Use case
®* eMBB (enhanced Mobile Broadband)

nqugldnuiivosnsldaludnuazfidosnsmsdidoganiuds
galuszAuinzdnsediundl

® URLLC (Ultra Reliable Low Latency Communications)

a

naugldnuiidesnisanuannsalunisdidoyanilemuatiosn
swnsdanunilunisdsdoyac

®* mMTC (massive Machine Type Communications)
nauilinuiidesmslimaensevesgunsaliruiusnnluiiun
weniulasazdunsdeloyauiinanios 9 filifesnsanunsigs

Fegunsalfilisinagn uaglengmslinuvesuunneifiuinnid
gunsaivinly

2020

Usage scenarios of IMT for 2020 and beyond
Enhanced mobile broadband (emes)

Gigabytes ina second u

3D video, UHD screens
Work and play in the cloud
Smart home/building &
Augmented reality
; ’r Industry automation

Mission criical application

I Self driving car

Ultra-reliable and low latency
communications (URLLC)

Future IMT

Smart city

Massive machine type
communications (mmTc)

18
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yluaog 5G

Delay
- ms .
Autonomous driving
10ms Disaster Real time
alert gaming
100ms Automotive Bi-directional
ecall i
B remote controlling
controlling
1000ms . Personal . .
Monitoring sensor cloud
networks
+
<IMbps Mbps 10Mbps

* eMBB (enhanced Mobile Broadband)

Augmented reality . . Tactile
Internet

Virual
reality

Multi-person
video call

Video streaming

Wireless cloud
based office

100Mbps

+.

o 4
V]f]ngJ RN 56 ® URLLC (Ultra Reliable Low Latency Communications)

*  mMTC (massive Machine Type Communications)

/

Gigabytes in a second Smart Home

0

3D/UHD
Video

mMTC

HENCES Cloud Game

£

Cloud Office

ZTERAIS

Industry
automation

3

Intelligent

Transportation

1]

Smart City

Service
deliverable
by 4G and
evolved 4G

Service
requiring 5G
capabilities

Person to
person

Person to
machine

. Machine to

machine

>1GB  Bandwidth
Throuput

Autonomous

Driving

Mission
critical App

E-Health Services
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eMBB (enhanced Mobile Broadband)

AR (Augmented reality)
VR (Virtual Reality)

4K (Ultra High Definition)
3D

Smartphones

cr.T-Mobile Nede

‘soganidululild’ Aaduluisosua
dnuvugnAl WuKugudnavns
G295s:uU 5G 91ndnamunkividdus

URLLC (Ultra Reliable Low Latency
Communications)

® Vehicle communications

® Drone control
¢ Automation

® Public safety
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SMART CITY

mMTC (massive Machine Type

Communications)
® Smart City, Smart Home, Smart Hotel

® Sensing and Metering
® loT

® Environment monitoring
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Y =) |l A A Ul ‘]J v 5 G
MINANHUATDVIBND DD LU
@ @ AMF/UPF AMF/UPF
EPC 56C
MME { S-GW MME}/ S-GW
-
@ @
(o7 ;)
A s 4 é
T—i SR S E-UTRAN
eNB ) ; eNB NG-RAN
eNB
_J ng-eNB ng-eNB
-~
4G Overall Architecture 25
%) = 1 o A ll 1
ATINAUILAIDVI8UBOD ‘U’s;i 5G
Non Standalone Standalone Network Slicing Yes No (Full)
*option3 Coverage Smal scale Large scale
Support service eMBB, URLLC, eMBB, mMTC
type mMTC
Investment of High investment Low investment
entrepreneurs
Massive MIMO Yes Yes
w===_Data Plane w===_Data Plane
1sas Control plane 1sxs Control plane SDN/NFV Yes Yes
Latency Low High
Throughput High High
26
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nsmuAaUneiianaluyg 5G

Non Standalone Standalone

*option3

enhanced Mobile-Broadband

5G Cre

‘ - Peak speed 20 Gbps .
| -Edgeareal00 Mbps !

=== Data Plane w==Data Plane

----- Control plane 1ssu1 Control plane
eMBB, mMTC eMBB, URLLC, mMTC
4= A=
Ultra Reliable & Low Latency massive Machine-Type Communications
-‘ImsLatency ------------------- , -1 million device connections/km?2 :
-10-9 Error-rate, Ultra reliability ! ! - High energy efficiency

27

nsmuAIaUneiianalug 5G

mmWave

oA

6GHz 30GHz

1GHz  10GHz

24GHz

AGakp = -
broadband [~~~ ——~ 4G celldar networks ) = = = = < tex
comeciiy B
ia phone .

Small cell o
L=
200,000/km? 4
Network Slicing

Q. -
® ‘@& . -

Mobile Edge Computing

28
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gIUAMNANAUSNS 5G

1 GHz 6 GHz
Low band Mid band High band (mmWave)

Spectrum is critical for 5G success
Using all spectrum types and bands

@ Licensed spectrum
Exclusive use
Over 40 bands globally for LTE,
remains the industry’s top priority
@ Shared spectrum
New shared spectrum paradigms
e.g.: 2.3 GHz Europe/3.5 GHz USA
@ Unlicensed spectrum
Shared use

9. 24 GHz/5.971 GHz/57-71 GHz global

W lUINI5IATeYY 5G
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TuauginnauuAud 5G Tuuszwmelng

* lutszmelne latinmsauszyaluoyan 56 Wenanaeununius 2020 Tne
AlS Teluauan 23 g wiseanidu 700 MHz 1 9, 2600 MHz 10 9 uaz 26 GHz 12 4a
TRUE Teiluayayin 17 99 wiasenilu 2600 MHz 9 4 uaz 26 GHz 8 4
CAT lgluayay1m 700 MHz 2 9
TOT laluaygy1s 26 GHz 4 4m
DTAC lgiluaugn 26 GHz 2 9n

* Tudszwnelng AIS Jugliusnisseusn douil 21 nua1ius 2020 warwdainidu True 1aTn
Tusnsilusen 2 lursnanameuiiuneudifediu

ssonINSAWIoND. &
nSegUnsninvnoaodnls IfseuSuusms 5G Tuds:indlng

wamsus:yandunoiwilnsauunu S@

41udu 48 Tuaunia sawnduiiu

700 MHz @ Q

2 Tuaynm 1 Tusynn W74k, 4 130N 5G A9 : n28 n41 11 n258

- &) .
i @ AAUAIILN
2600 MH / ‘ ’ ‘
W 1 n258 S0 AAU 26 GHz

i : sruda'nuniua?q;{iunnwﬁ :
hnSunalulad 56" ! glriusmsinsauunAuAAGY
10 TUEJI.‘I[y’IIﬂ ) TUal!t\;l'WI B | mstinuedolulsd | : molud 2564
1 vouuaRftuT i 4

(o) > oo

. I (n20) > o0 rz——

26 GHz (00) O zeovr——
12 Tueym 8 Tueym 4 Tueunm 2 Tusunm r @.m

HUNBIHG SYAMENIUSIUMBYaAIi

1
1
’

fLBLIELUREN DG BRI YMIPCRRLEMLY

= éhandoasoorins e J——— - shindomsovrins
-~ 3 ° = b 107 nany. Diwue:Us:yandunoiui 3500 MHz WuiALTuouAR 5
Tna 7101 Litendau £ Do Do all Center 1200 e “ £ 8 nanz. 8 aNeTC ..




ANSNAIUINSUNIT LT 5G
Tuuszwndalnelae nany.

Asainstdaunelulsemaanni nan.
o vuaiiaduindauwas iU g
e lawn

* AsENSIENUTRINIANYATNTTY
* nsdimsldnuveInIpaIsITuaY

* nN5ANSIYNUANEITRINUNI9AAIL
assyUlng

* AsalmsldnuvesnIAladanng

* n3aimMsldnuYeINIARRAINNTIUNTT
Han

-

ne.

o

5]

= NENY

Smart Farming

Smart

Manufacturing

® NBTC Use case

® Smart Farming

51 -

® Smart Hospital

® Smart Governance

Smart Hospital o
® Smart Losgistic

Smart Logistic

® Smart manufacturing

Smart Governance
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3 use cases

" 1 Drone control "~ Sensing and meteri
Enhanced Mobile Broadband (URLLC) 1...M1-g metering

" " Smart agriculture (nMTC)
Gigabytes in a second
3D video, UHD screens

Smart Home/Building Work and play in the cloud

Augmented reality
Industry automation
Self Driving Car

Mission critical

application
e.g. e-health
eMBB, mMTC
Massive Machine Type Ultra-reliable and Low Latency tworks
Communications Communications
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MAR 12, 2621 | Blog post
5G and the promise of futureproof factories

5G, Digital transformation, Industry 4.0
#manufacturing, #5G, #industry4.0

JAN 28, 2021 | Blog post

. . . CI/CDintelecom 5G part 3: What is the telecom
5G enterprise: revealing where the smart money is CI/CD journey?

5G, Core Network, Edge computing

FEB 24, 2021 Blog post

5G, Cloud native, Core Network

JAN 25,2021 | Blog post
CI/CD in telecom 5G part 2: Does CI/CD impact
telecom operations?

5G, Core Network
#C1/CD

redit: Premier Inn) mage credit: Pointr.)

AHIVINTIUNITUINITUAS
n15viaaLiien

he robot's cameras and sensors give the impression of a face, making them less intimidating.

Nonnmn avmdiss ala

7



* 5G aznaliiin Smart Healthcare aghafiudusnniy Tudnwmz “Decentralized” &s
ANAINNITUALLA W,naﬁaqusﬁhaNmiQLLaqmﬂWW%Qﬂd1Eﬂaumﬂqﬂa7ﬂiwwmsu,wwéejp’jﬂmmﬂ%u Wy
! v mMansnsasihsyiguamiulnsdwidiofioway gunsalanuld (Wearable) n15
ﬁ;’Uﬂ'\W Usnwuwmdmalna (Teleconsultation) nseidamslna nsldviusudlulsmenuna waz
nsudmsdanisnelulsmeuiaegisdinies \udu

ANNANNNTOVRY 5G MU UTUNUMIUEREINTIUUING
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AMUEIUTOVDS 5G MU
UNUIUEAAIMNTTUUINIS
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NE15UIENBUNNTBUIY “Augmented Reality Technology Concept”

’ .‘ -

.
.

ix«"z'

- .
Augmented Reality' TechnologyCoéncept

S SR—

b

* AR Design Concept & Typical AR Experiences
* AR Display Technologies

* AR Interaction

* (Google AR
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AR Design Concept &
Typical AR Experiences

Key Enabling Technologies

1. Combines Real and Virtual Images
Display Technology

2. Registered in 3D
Tracking Technologies

3. Interactive in real-time

Interaction Technologies

Augmented Reality (AR)
Real world with digital
information overlay. Real world
remains central to the expernence,
enhanced by virtual details
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AR Design Concept

« Interface Components
 Physical components

« Display elements
- VVisual/audio

« Interaction metaphors

>

Physical Elements Display Elements
Interaction

Metaphor
Input Output

AR Design Concept

—

[ Physical Elements ] [ Display Elements J

Interaction
Input Metaphor Output
* Marker * Touch * Visual/Audio
* Object * Body Gesture - Text
* Place * Handheld - Graphic

- Animation
- Video



AR Design Space

f\ .
@/G/s
ARKit | ARCore | VUfoOric
Reality < » Virtual Reality
(Physical Design) (Virtual Design)

Augmented Reality

Typical AR Experiences

« Web based AR

» Qutdoor Mobile AR

« Handheld AR

« Location Based Experiences
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Typical AR Experiences

« Web based AR
HTMLs based AR
Marketing, education

WebXR NL

Typical AR Experiences

» OQutdoor Mobile AR
GPS, compass tracking
Viewing Points of Interest in real world

Peaks
Identification

Available
Worldwide
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Typical AR Experiences

« Handheld AR
Vision based tracking
Marketing, gaming

Typical AR Experiences

» Location Based Experiences
HMD, fixed screens
Museums, point of sale, advertising
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AR Display Technologies

AR Display Technologies

* Handheld Displays

* Head Mounted Displays
* Fixed Displays

* Projected Displays
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AR Display Technologies

« Handheld Displays
Mobile phone, tablets

AR Display Technologies

» Head Mounted Displays
Optical/video see-through
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AR Display Technologies

« Fixed Displays
Desktop, large screen

AR Display Technologies

» Projected Displays
Projected images on real world

S /Q J"

o‘{“'

TeamLab Borderlo s Tokyo
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AR Interaction

AR |Interaction

» Natural user interaction
« Handheld
» Physical object

89



AR Interaction

« Natural user interaction
Gesture, body input

Interactive Media Systems, TU Wien Electronic Specifier

AR Interaction

 Handheld
Touch based interaction
Device motion

loT For All

Bandera County Courier
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AR Interaction

» Physical object
Familiar tool, object

https://www.youtube.com/watch?v=SpshRCmIX5Y

AR Tracking

» Goal
Find users viewpoint
» Outdoor Tracking
GPS, compass
« Indoor
Computer vision
Tracking known features
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Tracking Targets

Environment

Strong vs. Weak AR

Weak AR Strong AR

» Imprecise tracking » Very accurate tracking

» No knowledge of environment « Seamless integration into real world
« Limited interactivity  Natural interaction

« Handheld AR » Head mounted AR
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Google AR

Search what you see
with Google Lens.
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AR in Google Search

AR in Google Search

Now you can use AR to place 3D digital objects right in your
own space directly from Search or from websites on Chrome
Learn more about everything from NASA's Curiosity Rover to
human anatormy 1o animals ke hedgehogs, penguins, and

sharks, with a greater sense of context and scale

Live View Beta in Google Maps

Live View Beta in Google Maps

Exploring a new area and feeling lost? With Live View Beta in
Geoogle Maps, you can quickly orient yourself and know which

way to go with directions overlaid right on top of your world,*
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AR in the Pixel camera

AR in Apps

AR in Apps

Using ARCore, cur developer platform, we're working with
our developer, creator and brand partners to bring helpful,

entertaining, and engaging AR experiences to apps.

See more experiences

AR in the Pixel camera

Create and play with the world around you through
Playground, a creative mode in Pixel's camera. Make your
photos and videos pop with cameos from your favorite
superherces, stickers that animate arcund you, and fun

captions that put words where the action is.

Learn more ©

95



Discover ARCore

ARCore — Google's AR developer platform — provides simpie yet
powerful 1005 10 developers for creating AR experniences.

o about ARCore Jownicad the SOK ©

Resources

* Designing Compelling AR and VR Experiences by Mark
Billinghurst & Zi Siang See
* https://arur.google.com/ar
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NE15UIENBUNNTBUIY “Virtual Reality Technology Concept”

Virtual Reality Technology Concept

pes of Interactive Media Production
thawatphong@sut.acth

* VR Introduction
* Types of VR Experiences
* Interactive Patterns
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\/R Introduction

Virtual Reality (VR)

a computer technology that replicates an
environment, real or imagined, and simulates a

user's physical presence and environment to
allow for user interaction.
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Defining Characteristics

e Environment simulation
e Presence
e Interaction

Key Technologies

Autonomy

» Head tracking, body input
Interaction

» User input devices, HCI
Presence

« Graphics/audio/multisensory output
 Multisensory displays

« Visual, audio, haptic, etc
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Early Experimenters (1950's - 80's)

Furness 1970’s

Helig 1956

Sutherland 1965

The First Wave (1980's - 90's)

NASA 1989

Virtuality 1990's
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Desktop VR (1995)

* Expensive - $150,000+
* 2 million polys/sec

* VGA HMD - 30 Hz

* Magnetic tracking

Rise of Commercial VR Companies

W Industries/Virtuality (1985 - 1997)

* Location based entertainment

* Virtuality VR Arcades
Division (1989 - 1998)

* Tum key VR systems

* Visual programming tools
Virtual i-O (1993 -1997)

* Inexpensive gamer HMDs
Senses8 (1990 - 1998)

*  WorldToolKit, WorldUp

* VR authoring tools
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Second Wave (2010 >)

Palmer Luckey
e HMD hacker
« Mixed Reality Lab (MxR)

Oculus Rift (2011 - )
e 2012 - $2.4 million kickstarter

» 2014 - $2B acquisition Facebook
« $350 USD, 1100 FOV

Computer Based vs. Mobile VR

Computer based VR setup

i3]

Mobile based VR setup
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2016 - Rise of Consumer HMDs

Oculus Rift v
HTC/Valve Vive

Sony Morpheus

HTC Vive

* Room scale tracking
* (Gesture input devices
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Example Vive App - Tilt Brush

https://www.youtube.com/watch?v=ijukZmYFX-0

Mobile VR: Google Cardboard

« Released 2014 (Google 20% project) -

« >5 million shipped/given away vr—' \
S ) 2

« Easy to use developer tools N ) 1 @.
© .
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Google Cardboard

Endless configurable size
and shapes (and materials)

Google Cardboard
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Google Cardboard App: 7 Default Experiences

* Earth: Fly on Google Earth

*  Tour Guide: Visit sites with guides

* YouTube: Watch popular videos

* Exhibit: Examine cultural artifacts

* Photo Sphere: Immersive photos
* Street View: Drive along a street
* Windy Day: Interactive short story

Multiple Mobile VR Viewers Available
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Types of VR Experiences

Types of VR Experiences

* Immersive Spaces
* Immersive Experiences
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1) Immersive Spaces

* 360 Panorama's/Movies
* High visual quality
* Limited interactivity
» Changing viewpoint orientation

Cardboard Camera

* (Capture 360 panoramas
* Stitch together images on phone
* View in VR on Cardboard

108



Capturing Panoramas

s
!

Samsung Gear GoPro Fusion

2) Immersive Experiences

3D graphics
* Lower visual quality
High interactivity
* Movement in space
* Interact with objects

Using 360 camera
* Samsung Gear 360 Camera
* GoPro Fusion 360 Camera
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Building VR Experiences

Cardboard Viewer / VR Viewer
» Google cardboard
Smart phone
» Android/iOS
Authoring Tools/SDK
» Google VR SDK
» Unity/Unreal game engine

« Non programming tools
Content
« 3D models, video, images, sounds

UNREAL

Software Tools

Low level SDKs
» Need programming ability
« Java, C#, C++, etc
» Example: Google VR SDK
« https://developers.google.com/vr/
Game Engines
» Powerful, need scripting ability
 Unity - https://unity3d.com/ :
» Unreal - https://www.unrealengine.com/vr

» Combine with VR plugins (HMDs, input devices)
» Google VR Unity plugin
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Tools for Non-Programmers

« Insta-VR - 360 panoramas
e http://www.instavr.co/
« Vizor - VR on the Web
« http://vizor.io/
* A-frame - HTML based
« https://aframe.io/
« ENTITi - Both AR and VR authoring
« http://www.wakingapp.com/
« Eon Creator - Drag and drop tool for AR/VR
« http://www.eonreality.com/eon-creator/

Interactive Patterns
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Guidelines for good VR experiences

» Physiological Considerations
« Interactive Patterns

« Setup

« Controls: Display Reticle

» Feedback

Setup: Entering VR

Provide user setup instruction
G...... - O x

VRIDGE "‘“"g
Put your phone into VR headset and enjoy virtual reality!
@ @ ©

PLAY STEAMYR GAMES PLAY OCULUS RIFT GAMES PUAY RIFICAT GAMES
0608500

VRidge is active on SM-NS30V v1.0-rc1

Q0
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Controls: Display Reticle

* Easier for users to target objects with a display reticle
* (an display reticle only when near target object
* Highlight objects (e.g. with light source) that user can target

Control Patterns

Gaze and Click
« Target size and selection
Fuze Button
» Time based head pointing with no click input
« Visual countdown, button placement
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Gaze Selection

https://www.youtube .com/watch ?v=zwtJLE69uR4

Gaze Menu Selection

https.//www.youtube,com/watch?v=TOPNfc_Yibk
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Fuze Selection

* Show pointing reticle
* Countdown timer with activated

https://www.youtube.com/watch?v=1JmBEWkKWSBY

Bubble Menu

https://www.youtube.com/watch?v=EqQO9WERtA3IM
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User Interface Toggling

ON CLICK
EFFECTS ON GAZE

https://www.youtube.com/watch?v=QSYLOc5nf10

Navigation: Gaze Directed Walking

» Move in direction that you are looking

« \Very intuitive, natural navigation

» Can be used on simple HMDs (Google Cardboard)
« But: Can't look in different direction while moving

@
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/R Feedback

Use audio and haptic feedback
« Reduce visual overload .
« Audio alerts y
« 3D spatial sound
« Phone vibrations

Resources

* Designing Compelling AR and VR Experiences by Mark
Billinghurst & Zi Siang See
* https://arvr.google.com
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006000

Introduction to Internet of Things
Thara Angskun (angskun@sut.ac.th)

1
Objects (Things: sensors, cars,

watches, ..) have network
connectivities

Machine to Machine (M2M) Technology
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Making things smarter and connected

|y

——

-

G Things + 6 Things + Smarter +

Smarter Connected

H AA\‘
Internet of Things &

e T e
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. ﬁA\‘
Internet of Things @

|IOT in Hospitality Industry &

T T

"A network of digital devices and

machines interrelated through the internet
for enhanced guest experience and
optimized expenses.
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L
Example#1 A&\

LS

S
0 Schneider Electric's loT hotel solution (Ecostruxure for hotels)

* Hua Hin Marriott Resort & Spa
* Phuket Marriott Resort & Spa

. . , !
improving the guest experience /&

T T

0 user-friendly, integrated control in guest rooms
* Control: Lighting, temperature, curtains, AV systems

* Control: MUR [Make up room]/DND [Don't disturb) status

0 Automated control of common area

* Lobbies, restaurant, bars etc
* Proper lighting effect, temperature control, fresh air

0 Seamless electrical solution: interior decor
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)

improving operational efficiency &

T

« Data agagregation: building, power, property, guest room management
« Proactive Maintenance: minimize guest disruption, lowering costs

*« Automated room control: improves staff efficiency

« BMS: automated fault detection, diagnostics, monitoring

®

0 Marriot + Samsung + Legrand

* Guest can ask virtual assistance for wake-up call / room services
* Guest can start shower at particular time with a set temperature
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5
Hotel benefits /&\

LS

g T ey

Save on HR, front desk management, housekeeping.

More number of positive review: revenue generation
Lesser disruption at work: fewer unpredicted ad-hoc maintenance call

Guest data collection and management: better understanding guest habits

Guest benefits

0 No more check-in and check out queues.

0 n-house navigation

0 Customized offers/food as per guest's cuisine choices.

O Room settings personalized as per the guest's liking

o Turn on the guest's favorite TV channels or music.

o deal water temperature whenever the guest needs to shower.
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: A
where can the hotel industry use loT? A&\

2]

L

L T ey

* Making coffee when guest wake-up (e.g, detect movement)

* Sensors to detect leaking taps, faulty lights etc. (before guest does)

+ Cross property integration (sharing guest data)

* Keyless doors that open automatically when guest arrives

* Personalize values for guest: temperature / lighting / favorite channel ...
* Facility, inventory, stock management

* Energy management: smart thermostat, occupancy sensors

* Amazon Alexa

* Mount Kelvin

* Flic (button)

* Nest (thermostats)
* Valpas (bedbug)
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Electrical Circuit and Electronics
Thara Angskun (angskun@ sut.ac.th)

\ Objective

Students understand

electrical circuit and electronics
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Electrical Circuit

Source (e.g., Battery)

Conductors (e.g., Wire)

Load (e.g., Light Bulb)

Control (e.g., Switch)

Sench

1 G T Y
A NE N

Series vs. Parallel Circuits
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| s L
| i -'é

i

.|}______H_~__

Alternating Current vs.

Direct Current

Alternating Current (AC) Direct Current (DC)

Current reverses direction in equal
intervals of time

Current flows only in one direction

Negative Polarity Polarity remains same

Ohm’s Law |

(by Georg Simon Ohm)

i
° Voltage (V - Volts) .
o Current (I - Amps)

Q Resistance (R - Q)
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Question

The battery is a 12 volt battery, and the resistance of
the resistor is 600 Ohm.
How much current flows through the circuit?

Solution

The battery is a 12 volt battery, and the resistance of
the resistor is 600 Ohm.
How much current flows through the circuit?

I =12 V/600 Ohm
I1=0.02A=20mA
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Question

The current in the circuit is 3mA, and the resistance
of the resistor is 600 Ohm.
What is the voltage of the battery?

Solution

The current in the circuit is 3mA, and the resistance
of the resistor is 600 Ohm.
What is the voltage of the battery?

/TR

V =3mA * 600 Ohm
V=18V
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Series vs. Parallel Resistance

Series

R,
Parallel

Kirchhoff's Laws

0 Kirchhoff's current law states that current flowing into a
node (or a junction) must be equal to current flowing
out of it.
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Kirchhoff's Laws

Kirchhoff's voltage law states that the sum of all
voltages around any closed loop in a circuit must equal
zero.

v
-
|
Mt

9 v] = []lv. = -6V ]lvn =-1V

ed
-—

2V

B G &Y
) & it (ot

Electronic Components

Resistor
Capacitor . g “
Inductor | f » . Y

Diode
LED

Transistor
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1/8 Watt Resistors

Wiy

1 Watt Resistors

Resistor

$98 99

% Watt Resistors ¥ Watt Rersistors

&
>~
’

2 Watt Resistors 5 Watt Resistor

Resistor Color Code

S-Band-Resistor

Color

Red

2
-] ~ o0 ~
L

Yellw
Green

-

U

White
Gold
Silver

}

Q 234*100kQ = 23.4MQ @ 0.25%

3 Multiplic. Tole
_
_ 1] oon

19‘ (16k0)
m
o.1s

l (IM) = 9 05%

10" (1G0)

10°'(166m0)

107 ‘m-n)

Q
)

z 5%
= 1%
1

4-Band-Resistor

[ 23%10kQ = 230kQ2 @ 0.5%
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Variable Resistor

+
0 Potentiometer N\~

Dependent Resistor

“
0 Light Dependent Resistor (LDR) AN~ @

Average
Sunny
Day
:
1
1
1
1
1
1
1
1

' Light Intensity 1000 »
Illumination (Flux)

L1
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Dependent Resistor

L 3 1 J |
a Thermistor (temperature dependent resistor)

0 NTC - (Negative Temperature Coefficient)
Resistance decreases as temperature rises
0 PTC - (Positive Temperature Coefficient)

Resistance increases as temperature rises

0 Varistor (voltage dependent resistor)

0 Magneto Resistor (magnetic dependent resistor) %—

3

Capacitor

0 stores electrical energy in an electric field.

1l L
T

ff---""

T
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Inductor & Transformer

Inductor stores energy in a magnetic field
when electric current flows through it.
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Light-Emitting Diode (LED)

P @

LN

_—

Transistor

QY

s
5

_‘v -
’ -—-‘——o z

&
5

.||__
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icrocontroller

M

ino Nano

Ardu

ettt

i

1
B B i
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Breadboard

Toos>Boars: Ao Nane enootoncey AFAUINO IDE

Tools->Port: “COM xx" I S S S —
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Example#1.1: Serial Monitor

void setup()

{
Serial.begin(9600);
while (!Serial) {
}

}

void loop()

{
Serial.print("Hello");
Serial.print("\t");
Serial.println("test Serial");

}

Example#1.1: Serial Monitor
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Example#1.1: Serial Monitor

] N e
int incomingByte = 0;

void setup() {
Serial.begin(9600);

}

void loop() {
if (Serial.available() > 0) {
incomingByte = Serial.read();

Serial.print("I received: ");
Serial.println(incomingByte, DEC);
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Example#1.2 Blinking LED

void setup() //Setup Function
{

pinMode (13, OUTPUT); //ledPin = Output
}

void loop() //Main Function

digitalwWrite(13, HIGH); //ledPin = 1
delay(250); //Wait 250ms
digitalwrite(13, LOW); //ledPin = 0
delay(250); //vait 250ms

Example#1.2 Blinking LED

fdefine ledPin 13
void setup()

pinMode(ledPin, OUTPUT);

void loop()

digitalwrite(ledrin, WIGN);
delay(250);
digitalWrite(ledrin, LOW);
delay(250);

int ledPin = 13;
boolean ledStatus=LOW;

void setup()
{

pinMode (ledPin, OUTPUT);
}

void loop()

{
//ledStatus = !ledStatus;
//digitalwrite(ledPin, ledStatus);

digitalWrite(ledPin, (ledStatus~!ledStatus));
delay(250);
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Analog

Thara Angskun (angskun@ sut.ac.th)

\ Objective

Students understand
Understand Analog
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Previously on 214421

© control brightness of LED with PWM

void setup()

{
pinMode (3, ¢
pinMode (12,

void loop()

i
analogWrite(3, 51);
digitalWrite (13, HIGH) ;
delay(250);
analogWrite(l, 0);
digitalWrite(13,LON);
delay(250);

LED brightness with PWM

pinMode (3, OUTPUT):
pinMode (5, OUTPUT);
pinMode (6, OUTPUT):
pinMode (9, OUTPUT);
pinMode (10, OUTPUT);
pinMode (11, OUTPUT):

0);
50);
100);
g 150) ;
analogWrite(10, 200);
analogirite(ll, 255);
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void setup()

pinMode (3, OUTPUT);

void loop()

analogWNrite(3,

tone (pin, freq)
tone (pin, freq, duration)

Motor Speed with PWM

void setup() void setup()

pinMode (3, OUTPUT); pinMode (3, OQUTPUT);

void loop() yoid loop()

analogWrite (3, 50); analogWrite (3, 150)
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Analog vs Digital

'\@ Analog Signal

@ oigital signal

Analog Read

'\3 int analogRead(pin)

pin O - 5 all arduino
pin O < 7 mini, nano
pin 0 - 15 mega

"w Return value (integer)

0-1023 (OV - 5V)
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Potentiometers

e

g

=
T‘
|
|
|
|
|

Potentiometers

Arduino

}

a0 = analogRead (analogPin
Serial.printin(al);
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Convert to Voltage

int a0;

int analogPin = 0;

float Voltage;

void setup() {
Serial.begin(9600);

}

void loop() {
a0 = analogRead(analogPin);
Voltage = float(ad) * 5.0 / 1023.0;
Serial.pristin(Voltage);

int al;

long Voltage;

void setup() {
Serial.begin(9600);

}

void loop() {
a0 = analogRead(0);
Voltage = map(a0, 0, 1023, 0,
Serial.println(Voltage);

}

59

LED brightness Control

int al;

int pwmD);

void setup() {
Serial.begin(9600);
pinMode (3, OUTPUT);

)

void loop() {

al = analogRead(1);

pwvaD3 map(al, 0, 1023,

analoghrite(3, pwmD3);
Serial.print(“Analog 1 = ");
Serial.print(al);
Serial.print(*\t*);
Serial.print("PWN D3 = ");
Serial.println(pwmdl);

€0
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Motor Speed Control

4
ll

S

! I
+ )
P

int al;

int pwmD10;

void setup() {
Serial.begin(9600);
pinMode (10, OUTPUT);

)

void loop() {
al = analogRead(1);
pwaD10 = map(al, 0, 1023, 0, 255);
asalogWrite(l10, pwaD10);
Serial.print(“Analeog 1 = ");
Serial.print(al);
Serial.print("\t");
Serial.print("PWM D10 = *);
Serial.println(pwaDi0);

61

Light Dependent Resistor (LDR)

Average
Sunny

]

1

1

1

1

1

Light Intensity 1000 )
Hlumination (Flux)
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Auto LED brightness Control

int a3;

int pwmD10;

void setup() {
Serial.begin(9600);
pinMode (10, OUTPUT);

)

void loop() {
a) = analogRead());
pwaD10 = map(ald, 0, 1023, 0,
asalogirite (10, pwaD10);
Serial.print(“Analog 1 =
Serial.print(al);
Serial.print(*\t*);
Serial.print("PWN D10 = ");
Serial.println(pwadl0);

)i

63

Auto LED brlghtness Control#2

int al;
void setup() (
Serial.begin(9600);
pinMode (10, OUTPUT);
)
void loop() {
al = analogRead(3);
if (a3 <= 500) { Griad priaaiotedbs
digitalWrite (10, LOW); -
)} else {
digitalwrite(10, MIGH);
)
Serial.print(*Analog 3 = *);
Serfal.println(a3);
}
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Introduction to Big Data

Thara Angskun (angskun@sut.ac.th)

Learning Objective

n
explain big data and

Hadoop foundation

151



A
Hadoop Training \L

L e R —y

x 1= 3 Wy 2563
$171 N.900 un

Early bird 10,900 un

A
Question A2\

L Rty

0 How many CPU hours did it take to render Shrek 3?
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uestion /&

L e Ry

0 How many CPU hours did it take to render Shrek 3?

o 20,000,000 CPU hours = 2,283 years

High Performance Computing tA

L 2 1 1 1/} \--'“",

0 Science & Engineering

0 Weather forecast -.

0 Commercial & Business
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J,
The fastest computer in the world /&)

I — — "&Ji/
0 Fugaku @ RIKEN (lapan)
0 Speed: 442 Petaflop/s
o CPU: 7,630,848 cores = - ‘
0 RAM: 5,087,232 GB
-

A
The Fastest computer in the world &

L Rty

EFk
p— .
1 EFps ..‘.‘“
e
0 PFug ‘." asattt
one X - PN
P .'* as
2 PP . -
Phone?),2-0321AP | 6 cores L
1 PP ..
Protiem size: 500 -
-~
Nurber of nuns: W TF ...-"
~ -
MUY esd made (/ ¢ -
*.
» - .
Nun benchmark . - a8
o
Wops 103328 oF
e 00368
Norm L1700 0 OF
Preciion 2 22048605 %
1 GFip
Max Milop/s: 1899509
100 WP
Ap Milophs: V697787 " e 2000 2008 200 2018
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N
Cluster Computing \b

L 2 ! 1 1} gy

0 Type of Nodes

0 Front-end: Master, Login, Root

Q Back-end: Worker, Slave, Peon, Compute

Cluster: comprtte nodes

Users, submati nq rbs

Cluster Computing 'A

L 2 1 1 1/} \--"",
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N
Hadoop &

0 Cluster Computing Abstraction f _."0'3 X
0 Operating System for Big Data Big —
Data =
- Distributed data storage A\ = ==
« Parallel computation l
e 4 wan >

0 Prerequisite

+ Hadoop cluster is run on open source software
« Linux and command line are required

« Even with Microsoft Azure!

A
When (not) to use Hadoop \fb

\
)

L R

0 When to use Hadoop

« For processing really big data
» For storing a diverse set of data
» For parallel data processing

0 When NOT to use Hadoop

+ For real-time data analysis

+ For a relational database system
+ For a general network file system
« For non-parallel data processing
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The Age of "Data Product" fi

&)
V
0 Derives value from data

L i ——ty
+ then produce more data, more value, ...

0 Data + Statistical Algorithms

« for inferences or prediction

o Example

» Amazon recommendation
+ Facebook's People You May Know
+ Nest thermostat

D

N
Data Science vs. Big Data Pipeline /A&

&)
0 Data Science

L R —y
@u Ingent Wungle L—- (ompate Vrsae Rrport
0 Big Data (= Data Science + Scalability + Automation)

—MT-- = @E}T

[—
ll l:‘: }-hmunﬁuu
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},
Hadoop as an OS for Big Data /&
&

I S
0 Distributed System Requirements
+ Fault Tolerance
+ Recoverability
« Consistency
+ Scalability 8 ,
Veracity
‘ 1 r _
Value

Hadoop Case Studies /)

L R

0 Understand customer behavior

« Mark & Spencer, Royal Mail,
- Expedia (&Trivago, hotels), Yahoo,
+ Western Union, Royal Bank of Scotland

0 Understand gamer behavior

+ King.com (e.g, Candy Crush)
+ Analyze every "event/action"
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Y

Hadoop Case Studies /&
Compan’

L R

0 Tesla: to analyze connected cars

« Driverless cars

0 BT (UK's telecommunication company)

+ identify network problems

-

Hadoop Case Studies

CERN: Petabytes per second!!

« ALICE detector

. £ as e
o)

ﬂ
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Hadoop Case Studies

IT..J[THT HT‘ T

———
—
—a
—
—

e

Hadoop History

YaHoO!
Fastest sort of 2 TH, J.5mirs
owver 910 nodes

Dowg Cutting adds DFS & .
MapReduce support B Nutch

t Fastest sort of 2 T8,
62secs over 1,460 nodes
Deug Cumting & Mike Cafarella | NY Tines corverts 478 of Sorted 2 P8 n 16.2%curs

started working on Nutch Image archives over 100 EC2s Over 3.658 nodes

Google publshes GFS &
MepReduce papers Yahoo! hires Cutting,
Madoog soins out of Nusch Founded
>,

Google U lemtn |

Facebook launches Mive
L
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Hadoop History /A&

L Ry

HADOOP 1.0 HADOORP 2.0

MapReduce

(chater resource managesest
& data processing)

w

A
' A
Hadoop Architecture Q_AJ

L e R —y

(gtd\) (Inmry) (Stﬁ:l.n) (nstau)

YARN
(Yet Another Resource Negotiator)

HOFS
(Hadoop Distributed File System)

(2esenss) (assssne) (smssese] (s220sas]
HEEEEE

Cluster of economy disks and processors
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Hadoop Architecture

ra
P
D
S

& DICIEH
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Introduction to
Artificial Intelligence

m
DR.THARA ANGSKUN o
ANGSKUN@SUTAC.TH 4

SURANAREE UNIVERSITY OF TECHNOLOGY

Artificial Intelligence

Q Reasoning, problem solving

163



Artificial Intelligence

o Reasoning, problem solving

PSS

Artificial Intelligence

o Knowledge Representation (e.g., expert systems)

Soil Doctor Systems
o,
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Artificial Intelligence

o Knowledge Representation (e.g., expert systems)

Knowledge
from an expert
Expert System : - \
-

&
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Artificial Intelligence

‘
Execution status :

Plans

| Controller

Observations

Actions

_____State transition system
[E_yuTm_.ﬂ  I=(SAEy)

|Events ™ g states)
A = {actions}
E = {exogenous cvents}

Artificial

Intelligence

o Learning
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Artificial Intelligence

L el e e
Q Learning

nHIANY

Artificial Intelligence

L el e e
o Learning

Machine Leaming

& — ks 2737 - Il

Outpust

Deep Learning

.,000
éioﬂ KeZ

= & : "‘ o -
.‘ ‘0’ '.’ @
Feature extraction » Classcation

B SIS
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Artificial Intelligence

o Natural Language Processing

Artificial Intelligence

o Natural Language Processing

x|
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Artificial Intelligence

o Natural Language Processing

ous: anaw, | sS€€ a man with telescope
drmission: @ewwaWamidss dmummlathl
Metaphors: Finding a needle in a haystack

ch recognition): tnswelsln

Artificial Intelligence

Perception: Voice Recognition, Facial
Recognition

169



Artificial Intelligence

Q Perception: Object Recognition

Artificial Intelligence

o Motion and Manipulation
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Artificial Intelligence

o Social Intelligence

Artificial Intelligence

o General Intelligence

required several Al. e.g., Reasoning + Learning + NLP +

Machine Translation

Blueprint=furiio !
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NASUIENAUNTSaUIH “Artificial Intelligence Components”

Artificial Intelligence
Components

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Al Components

Perception = Input

n1sSug KSansundoyaldn

Action = Output Reasoning = Computation

ASUERINTISNS:TN nannsidineaua:ua

20
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Perception = Input

-

OsnuuAnduIAdauAouAUId TnsSudoyatiiuniandad ua:doyaliuaAuldunig

Os:uudiadulsa Un1sSudoyadinanIsuaIAUIl 1azwan1SASIVSIINY

Unynyus:ausSusuu

v Computer Vision ms3ugonnguniw

v’ Speech processing mMsUs:udaualdu nSoAwe

v Signal processing nMsus:usauanndryrynusing 9
WU 1300 180 A2WSaU AUIBU AU

Reasoning = Computation

OUuralovaalayryUs:=6us
lws1=n1sns:riINnatins

_ . OnAGAAUIUNTS
jiAs=Afou

O Neural network
O Heuristic searching

. O Bayesian network inference
Onasasuannvg (inference) y

n1saindulo (decision-making) O Genetic algorithm
nsdanuaany (classification) OFuzzy Logic
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Acting = Output

I Medical Diagnosis |

S:UUIIASEAMAUUAS W
voulsh Omsuaafiov A
AWISNHOIWUSSIND WS
nSouudamsnaaou
wuAuTunsiifdnlu

I Email Clustering I

SHUUNISTANUIRNLUDY
Siwad Omsials=nn
Swadtiwrwudaludf

OzulEanlanouAuaniwsaufalaunsindaulka da1dud uanInw uandoya

I Self-Driving Car I

IO S
SOUUARTUIAADUEILALIDY
OMSuAINISNS:

KUUWIILIEY nsUuSus:auy

4
IASOJUUR

Applying Al

Natural Language
Processing

@ Robotics

@ Image Processing
@ Pattern Recognition
@ Management

@ Mathematics
® Statistics

(G Computer
Engineering

@ Digital Technology

® Psycholinguistics

Soclolinguistics
(3) Socioing
6 Computational

= Linguistics
@ Adaptive System

@ Cognitive
Psychology

@ Philosophy

(9) Philosophy of
Language

@ Loglc
Sicine
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Companies Investing in Al

Top 20 Companies Investing in Al Talent

No other company comes cose 10 matching the $227.8 millicn
that hiring and safary firm Paysa estimates Amazon will spend
hiring artficial ntelbgence talent

Avazon

INTIR CORPORATION
ROCKET FUEL
« N

BAE SYSTEMS |
] |

svj

Amazon 8o

a
Maz0ng

Software or Tools for Al

KDnuggets Analytics, Data Science, Machine
Learning Software Poll, top tools share, 2015-2017

N of owte ol gueshon vews each month
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Pros and Con. of Artificial Intelligence

Advantages

O 24/7 Availability

©O Machines don't require frequent
breaks as like human beings.

O Handling Repetitive Jobs

O Perform 'monkey job' instead of
humans: routine, monotonous and
tedious tasks.

O Hazardous Exploration

O Reduction of Error

O No space for human errors.

Disadvantages

O Requires financial investment
and can be quite costly.

O Become the cause of
unemployment.

O Lack creativity or emotional
intelligence
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NA1UIZNBUNTITOUSH “Predictive Analytics with Machine Learning”

Predictive Analytics
with Machine Learning

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Predictive Analytics

OPredictive analytics is a category of data
analytics aimed at making predictions about
future outcomes based on historical data and

analytics techniques such as statistical modeling
and machine learning.

Historical Predictive
Data Algorithms

New Data Model Predictions
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Predictive Analytics Tools

KDnuggets Analytics, Data Science, Machine
Learning Software Poll, top tools share, 2015-2017

N of ower sl queshon vews cach month
¥ s ]

Machine Learning Overview

Q What is Machine Learning? @ Why do Machine need to learn?

@ Types of Machine Learning Q Machine Learning Methods

@ Machine Learning Evaluation

NO
S

Bitiey
.
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What is Machine Learning?

OnnsiSuusdoyalnn 1aasrunuudinaairkSolunouds ua:unluidlunisus:usawa
voyalnu

Va N
i
2 7 14
. 3 é 18 )
N _ 4

et | ez | | modnd |
2 7 135

5 A » - 629
6 35

3 7

What is Machine Learning?

OSpeech-Recognition Machine (1nSasdnwannniu)

OnislaBuAtwaBIGAUKatY 9 ASY 1ASaJIdnsAaUNAUTA => 1nSaldnsaunsaiSuus

/nrson 1: How old are you? ‘ . Person 1: I'm 22 year old.
Person 2: How are you? Person 2: 1I'm fine.

Person 3: How are you? Person 3: I'm fine.

Person 4: How are you? Person 4:1'm fine.

\ Person: How old are you? - Machine: I'm fine.
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Why do Machine need to learn? \é))

OMachine learning awsarnnowduliusndouatlugadoyavunalneyla
OMachine learning awuasadovwunsaile 99AN1ISIIASIzRTDYALAN
OMachine learning TudaniTunisrindurkdouuyus

OMachine learning amwisaiSuugnonuduoiuysiia=toy ua=uls:1AunaINIs
2onUIIARSJINAzANITVULY

OMachine learning awasaldlsuuindasdnsThatu Woayluanwiondoun
o - . e - .
wWavuundadla TavTudndusnadaanuuulrku

Machine Learning Types

Unsupervised learning

Machine Learning

Supervised learning

Reinforcement learning
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Machine Learning Types and Algorithms

Machine Learning

Supervised Leamning

Quantitative Qualitative
Classification

Linear Regression Naove bayes

Polynomial Regression KNN
Nueral Netowrk SVM

Email Classification

Thank You

Artificial Intelligence

181



NAUTENBUN1TaUSH “Artificial Intelligence in the Hospitality Industry”

Artificial Intelligence in
the Hospitality Industry

DRITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Examples of Al within the Hospitality Industry
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Robot for In-Person Customer Service

OThe use of Al to deliver in-person customer service
O Hilton and IBM pilot an Al robot called "Connie" to provide tourist information to customers.

O Most impressively, it is able to learn from human speech and adapt to individuals.

Robot Suitcase

OA Robot Suitcase Called Travelmate
O Travelmate is an autonomous suitcase, which is able to follow you on its own.

O It makes use of anti-collision
technology, has 360 degree
turning capabilities and eliminates
the need for carrying, pulling or

pushing a suitcase around.
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The World's First Robot-Staffed Hotel

OHenn-na Hotel, situated in Nagasaki, Japan, became the first hotel in the
world to be entirely staffed by robots.

O Robots are deployed to provide
information, front desk services,
storage services, as well as
check in and check out services,
with technology including voice

and facial recognition.

Chatbots

OEnhanced customer service through natural language processing

O Sam, intelligent travel chatbot! responding to simple questions or requests to

customers.

O Al Chatbot allows customers
to ask questions and get almost
instantaneous responses,
24 hours a day,

seven days a week. m
Ouickar srpor wanst
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Smart Hotels

O Essentially, a smart hotel is a hotel which makes use of internet-connected devices,
which are capable of communicating or interacting with one another, referred to as loT.
O 5 Ways Smart Hotels Benefit Hotel Owners and Guests
O More Sustainable Hotel Rooms
O Improved Levels of Personalization
O Easier Access to Information
O Data-Driven Decision Making

O Pre-emptive Maintenance and Repairs

Data Analytics

OData analytics in the hotel industry is key to marketing strategy, building
customer loyalty, and enhancing productivity.

O3 Ways Data Analytics can help the Hotel Industry.
O Customer Data Analysis & Market Segmentation
O Customer Associations

O Real-Time Data and Demand Forecasting
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Data Analytics - Clustering

O Customer Data Analysis & Market Segmentation

O Analyzing customer data allows hoteliers to
understand the preferences and purposes of a
customer.

O Customers could then be categorized into market
segments.

O This segmentation helps target the right
audience for marketing and sales.

O Data analytics in hotels enables you to share

relevant promotional information with the right

market segment. m_ff}ﬁ

Data Analytics - Associations

OCustomer Associations
Minimum Suppori=3

O Advanced data analytics can uncover THem set Dataset
affinities between isolated events. e IL @
LN V| ews
oky

basis for bundling menu items into a
meal that simplifies ordering while @ ol
ensuring customer satisfaction. Transaction ¢— ® . oY

w
O Data associations help often influence | | Occurreace Frequency=3
customers to spend more than
anticipated or upselling.

O Example: Paired relationships provide a U |
@

uent Itemsets O ouscoms
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Data Analytics - Estimation

OReal-Time Data and Demand Forecasting

O Tracking real-time data is directly profitable for the hotel industry.

O Analyzing booking patterns shows the demand trends which you can use to
implement dynamic pricing.

O Hotels can also use real-time data to create tailor-made packages and offer

them to the right customers at the right time. D[,U_L—f}ﬁ

Data Analytics
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P~ 1 1

e

Thank You

Artificial Intelligence in the Hospitality Industry
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NAUTENBUNITAUSH “Association Rule Learning Workshop | (Part 1)”

Association Rule Learning
Workshop | (Part 1)

DRITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Association Rule Learning

On1sAukIAIWEUIIUSUDIToya 91ndoyauuRTrajilaunludins:h Ko
AuruUsInANISAIRNI 9

On1silAs:AnsBaduAnuaodandn (Market Basket Analysis)

| tems | (e - o [ EOS
1 Bread, Coke, Milk =
Beer, Bread, Coke -
Beer, Coke, Diaper, Milk
Beer, Bread, Diaper
Coke, Diaper, Milk
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Transform Data to Arff file

Transaction Data

Eggs, Coke, Milk

Bread, Coke, Diaper
Eggs, Bread, Coke, Diaper
Bread, Diaper

» -

M

- =

Y G J— -

Cxe}a:sun basket2-weka.filters.

fattribute
fattribute
fattribute
fattribute
fattribute

Odata

a
‘e

P
2.

Eggs (T)
Bread (T}
Coke (T)
Diaper (T}
Milk (T)

Transform Data to Arff file

(<]

| Opente. || Openim..

J O

Croose  Mene
Current relasor

R NP VA WN -

i}

Opboad

4]
=

[N
=
o

>

4

fort

- %
Akgrerert  Nurrber

[ Condmcral Formatting =

155 Format as Tabile
15 ot Saghes ~

v

&
Cols

it a @

Home Inurt Pagelayout Formulss Data Review View Help
_

‘|

é
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Set Parameters (1)

- L o “lowerBoundMinSupport”™ and “upperBoundMinSupport”, this is
e e

the support level interval in which our algorithm will work. The

algorithm halts when either the specified number of rules are

generated, or the lower bound for min.

o Delta by which the minimum support is decreased in each

iteration. In this case, 0.05 is the decrease of support from 1 to 0.1.

o metricType can be “Confidence”, “Lift", “Leverage” and

“Conviction”. This tells us how we rank the association rules.

Generally, Confidence is chosen.

o numRules tells the number of association rules to be mined. By

default, it is set as 10.

BISES;

Association Rule Learning with Weka

© Weka Liplorer
l Open fe. || Openm || Osenle || Genese ]
Fime

==

Curent relator
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NAUTENBUNITAUTH “Association Rule Learning Workshop | (Part 11)”

Association Rule Learning
Workshop | (Part )

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Set Parameters (2)

© wwia g GoranicOtyecti B

B

cr (rene ._,' OIf you choose to show the all frequent itemsets found,
et OutputitemSets should be set as True.

1 Eggs, Coke, Mitk
2 Bread, Coke, Diaper
3/4, support = 0.75 Eggs, Bread, Coke, Diaper
Bread, Diaper
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Examples of Frequent Iltemsets

TID
T100

lems minsup = 50%

T200

1,3

T300

2,3

T400

1,2,3,4

1,2,3 Frequent itemsets >= minsup

{1,3} {14} (23} {2,4}

\W/

{1,2,3}

{1,2,4} {1,3,4) {2,3,4}

{1,234}

Infrequent itemsets < minsup

{3,4}

Association Rule Learning with Weka

2
3
4

Eggs, Coke, Milk

Beer, Coke, Diaper

Eqggs, Bread, Coke, Diaper
Bread, Diaper

Set Parameters

Minsup = 0.5
*  lowerBoundMinSupport = 0.5
*  upperBoundMinSupport = 0.5
Delta = 0.05
metricType = confidence
numRules = 10

outputitemSets = True

<

—_—
Cnoose [Apriont N 10-TO-COD008U10-MOT1-S-10¢1

| oy | S iy
Resust it right-_
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NA1UTENBUN1TaUSH “Unsupervised Learning (Clustering)”

Unsupervised Learning
(Clustering)

JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Unsupervised Learning

OAan1sISvusuuUivigaau
Oasuuudnassnrurzauiudioya

Odoyaliiiniss:ywadwsnaosnisndoUls:innidfiou

Training Set
1 Yes Single 125K Yes
2 No Married 100K

3 No Single 70K
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Applying Unsupervised Learning

Machine Learning

Supervised Learning

Clustering

Odanguuadloya (Clustering)

O Customer Clustering
O Email Clustering

O Image Clustering

Owosrudoyallulsnualnoulsdu
udadsaswluirananukuIlLiu

SouvaJIyRUaya
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K-Means Clustering Techniques @

1) Means are randomly selected in 2) K clusters are created by associating
each k cluster. every observation with the nearest mean.

3) The centroid of each of the & 4) Steps 2 and 3 are repeated until
clusters becomes the new mean. convergence has been reached.

\ j

K-Means Clustering Techniques (Cont.)

On1SAMUIfUKT S:b:K1IS:K31J9A (Euclidean Distance) s:1d1J X; ua: M;

5 : HEEEEEE
d(x. M) =[x, - M) [ [

fatoys « ulundt i loedl 1sise

fovoyn « yovmduil | eofalfl ~ (GeEen)
- « » T..n T
FOYPLLNENIBAYENAN s e IS <k
fagreuinmsiaanaad / eadnt
fovnmnednl
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NEA1UIZNBUNTITBUSH “Unsupervised Learning (Clustering Workshop)”

Unsupervised Learning
(Clustering Workshop)

K-means Clustering Workshop

O m

train.arff

O o

bmw-browsers.arff

)

SimpleKMeans (N«4)

3¥

SimpleKMeans (N+5s)

- —— ‘ Explain Clusters

Visualize cluster assignment
(train-result arfl)

‘ Explain Clusters & Find out Business Solution

D) i &

18
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1BNE15UIENBUNNSBUTH “Supervised Learning Workshop”

Supervised Learning
Workshop

(The same training & test sets)

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Supervised Learning Strategies to Methods

OEstimation

O Determining a value for an unknown output attribute that is numeric rather than
categorical.

OClassification

O Building models able to assign new instances to one of a set of well-defined
classes.

OPrediction
O Determining future outcome rather than current behavior.

O The output attributes can be categorical or numeric.
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Supervised Learning with Validation Techniques

The Same Training Holdout Method : k-fold Cross Validation
& Test Sefs

(Split training & test sefs)

3-fold cross validation

k1= Trainng Set | Average = (80+75+90)/3
e = 81.67%
Validate = k times

Dataset

g sepal_length sepal_width petal_length petal_width
Training Set - i -
30 14 02 Classification
32 3 02 |:'|>
Testset 2 Model
31 15 02
%* 14 02

Actual Outputs Predicted Outputs

Estimation

N Accuracy = 4/5* 100% = 80%
Sepal = nfudivs, Petal = nfuson

=
2é
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Workshop: Supervised Learning (The same training & test sets)

O 9gJasnJnuugnaadliiosiuunUs:innualaaniasa 6ad

Oaw1sadddoya iris data 1a
Oawisnasranuudnaadlaviddoyadndinokun ua:18inAda Decision Tree - 148
Oawisanadauluudnasdlauiddoyanakuala (Training set = Testset)

O&dw1snasurwnIUKUINUad Confusion Matrix uazwanasus:zidunuudnaadlin

23

Supervised Learning (The same training & test sets)

© Wekia Lxpiorer

Cimnatty | Cuonter | Associate | Setect strutes | Viseasae |

| _Opeate. || OpeniRL. CpenDB.. ||  Geverste. |

Fie:
]
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Supervised Learning

Workshop
(Split Training & Test Sets)

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Supervised Learning with Validation Techniques @
Dataset

The Same Training Hol t Meth :
& Test Sefs - o sepallenyth sepal_with petallength petal_width @
I (Split training & test sefs) : % ™ -

s a0 14 : Training Set

— 32 13
} Dataset ‘ 31 15

14

Testset

“'s':"" Testset

Split by users

Create  Test Create Test

- : s  Split by Weka
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Workshop: Supervised Learning (Percentage Split)

- - - P
Test options 1 O uasSwuuudnaodwaduunds:innuadnoniosd Aol

O Use training set O awnsadndndoya iris data ua:uusdoya Training
O Suppliedtestset  Set set 80% ua: Testset 20% 16

O Cross-validetion Foids 3 0 awasnasuuudnansonn Training set 80% AlUd
@© Percentage spit % 80 91n Dataset Ta TauldinAln MultilayerPerceptron

L More options.= O awnsanadounuudnaadlaulddioya testset 20% A
uudon Dataset Ta

Training Set = 150*80/100 = 120 0 a1u1snoasuruAUKLBYa Confusion Matrix ua:uwa
Test Set = 150*20/100 = 30 nsus:1dutuudnanale

Supervised Learning (Percentage Split)

<
Praprocess | Cassty | Cumer | Assocse | Sewct snmoes | visveree |

| OpeaSe. || OpenfL. || OpenDB.. | Oererste.
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Workshop: Supervised Learning (Supplied Test Set)

Test options

() Use training set

@ Suppliedtestset | Set.. |

(U Cross-validation Folds 3
() Percentage split = &0
L More options...

Training Set = 150*60/100 = 90
Test Set = 150*40/100 = 60

0 uasruuuudtaododnuunUs:innuadnoniosa God

O aqunsadndndouya iris data ua:uuadoya Training set
60% ua: Testset 40% Tav@iduuidouanavaULdd

0 aw1snasanuudtandonn Training set 60% AuUIoN
Dataset Tai Tauidinaln Naive Bayes ua: Bayesian
Networks

O awnsanadounuudnaodlaulddioya testset 40% Auua
91n Dataset 1a

0O anuasnasulvwanisus:idutuudnasalsSuuinvuiu
s:udnainada Naive Bayes ua: Bayesian Networks Ta

20

Supervised Learning (Supplied Test Set)

<

| Prsrocomn | cunety | cunt [ avnccare | ct st | Ve |

Q wisat

© s testt o
© i tev2 ot
© i )t
© i el ¥
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Supervised Learning

Workshop
(A-Ffold Cross Validation)

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Supervised Learning with Validation Techniques

The Same Training : Holdout Method k-fold Cross Validation
& Test Sets

(Split fraining & test sefs)

3-fold cross validation

2|3 1/2 |3

Test 1* Test 29 Test 3%
80% 5% 90%

k-1 = Training Set Average = (80+475+90)/3

1 = Test Set ’
N = 81.67%
Validate = k times

D) GEGH

32
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Workshop: Supervised Learning (A-fold cross validation)

0 2uasruuuudraadldoduunus:innuadnonioda aad

R 0 awwnsadndndoya iris data Tagneiod
(L Use training set ua:zuusdoya Training set ua: Testset aonilu 3 ya ua:
() Supplied test set Set 10 B8
(® Cross-validation Folds _:i .
- O awnsnasuuuudnaadlavidinadn MultilayerPerceptron
(J Percentage split % 66
L More options...

ua:yadoyanuuJ 3 ua: 10 yadu

O anunsnasurvwanisus:idulnuugnaadilSuuiivuiu
s=ndunuudraodfasraliuornnisulogadoyafanafule

Supervised Learning (k-fold cross validation)

<
Propracess | sty | Chuster | Associ | Semct amvtusen | Viaustze |

| Cpente | Cpenum. | Cpenle | Genene

Croces  Nene
)

205



Supervised Learning
Workshop
(Estimation)

DRJITIMON ANGSKUN
JITIMON@SUTACTH
SURANAREE UNIVERSITY OF TECHNOLOGY

Supervised Learning Strategies to Methods

&

OEstimation

O Determining a value for an unknown output attribute that is numeric rather than

categorical.
OClassification

O Building models able to assign new instances to one of a set of well-defined
classes.

OPrediction
O Determining future outcome rather than current behavior.

O The output attributes can be categorical or numeric.
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Machine Learning Methods
=> Multiple Linear Regression (Estimation)

OEstimation Model: Y=bX,+bX,+..+b X, +a

Education Y = b X, +b.X; 40
Y

Q=Y 4 b ¥ 4b,%,

bochelor. 1=master, 2=PhD)

Status

le, |=marmied)

O Wage = 10991.186 * Education + 3554.1291 * Experience + 12785.2079

OIf (Education = master and Experience = 1 yean then Wage = 27330523 _
B) GHiE G

Estimation Workshop with Weka \@

pd ! - * - .
1 MYCTZ MUIN 3 MMAX & CACH 8- CHMIN 6 CHMAX T.cliss O DuaSJUUUTNa0IwaUs:utun1s CPU Relative
1250 2560 0000 2%0 %o 1280 1980 -
#2000 20 80 320 2690 Performance sJld
82000 no &0 2e 2200
20 80 20 1720 R - .
20 80 160 1320 O awrsndndndoya cpu data Tagneaad uazuuy
840 80 20 3180 . - -
= Uoaya Training set ua: Testset aonlu 9 yn
%0 prd)

T 0 awnsaasrauuudtaadlauldinain

Ea— MultilayerPerceptron ua: Multiple Linear
machine cycle time in nanoseconds (integer) Regression

T N

MMIN: minimum main memory in kilobytes (nteger)
MMAX: maximum main memory in kilobytes (integer) 0 ausnaduruwanisus:iiuuudiasdlivulfivu
CACH: cache memory in kilobytes (integer) - . - N

Aus:=KIINAUA MultilayerPerceptron ua:

CHMIN: minimum channels in units (integer)
CHMAX: maximum channels in units (integer) Multiple Linear Regression 1@

Class: CPU relative performance v.-:“.:g:}:{]
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Supervised Learning (Estimation)

<

| OpeBe. || OpenumL. | OpenDB
row

—

| Crotte  Noee

/'//

Thank You

Workshop for Machine Learning
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1PNAI3NN5UITNBUNITBUIH 5G NUNITIINKUUNITUINNG

N1999NLUUNITUINTT (Service Design Thinking) d7ui 1

5G

NOW

TasonIsWuuIAnuAwURaInstijolkauIsadunalulag
UIUs:=ynALa:6IagaRTUaRa 1ASSIUUSAIS

http:/5gnow.sut.ac.th

n‘lseen“UUU§n‘]s ps.Uaan da0adn

(SerVice DeSign Thin king) AuiBuasnrysinunouibuUs:naunns (SUT CoE)

unn3nunauinAluladasuns

Background

Name: Dr. Mullika Sungsanit
Profession:
* Vice Rector: Engagement, Innovation & Entrepreneurship
* Head of CoE for Entrepreneurship
¢ lecturer at SUT (HRD and Entrepreneurship)
Experiences:
* Mgr. SUT Science Park Project, Business Incubator, IP Management Office
* lecturer, Trainer, Coach, Mentor, Consultant:

Certified Trainer and Consultant for InfoDev-World Bank:
Incubation Management and Entrepreneurship Development
Certified Trainer for PacRim 7 Habits of Highly Effective Person,
Developed and Delivered the MWEC Program (Maekong- Laos,
Vietnam, Cambodia), WINC GyB Workshop (Caribbean), NABIC
Agri-food Entrepreneurship (Nepal), and Y.E.S Camp for CHE
Developed and Delivered various Entrepreneurship Development

Leadership Dev., Team Building, Strategic Planning, Design
Thinking, Service Design efc.

Tasems 56 fumseenuuumsuinig
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Center of Excellence for Entrepreneurship, SUT

ANUWNFDS1ICUM KDUYNS AruoNAs J1Fus

lasums 56 fiuniseanuuunisuingg 3

True Corporation

© B

<

AUASSADS AOULVAA ArUANGON IAouANANOY
KUY BD Manager chiIKuUv Engineering Specialist

lasens 56 funmseenuuunisuinig 4
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ADIANQHINIOVATU?

n:‘\a'mausogo:
ms‘é’lnousamsau
W R E

Sanus:ava

/'  lelhgiirsoueusu:

1. Ta3lenanms Service Design Thinking llasAUNSNIZoUToN
AMWSIUgMswicuLnusAcwAONTUIla:USMSIA

aQ

2. 16§3ninSovliodiugnuzen Service Design Thinking Ia38MsTE
u ifeus:gncidudumsasinusfaaAainila:UsSMSIa

21 3.Ta@nupudmstEinSolo

ASINS 56 flumsesnuuunisuinis
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nudAQIA:HANMSMS
oonIvuUsSMSs

N

msmaANUIHRgNA

- IfunMsSuusnis

ougnAn (CUSTOMER
JOURNEY)

N

msnnualoym

msweuuniudfa
uSanssuMmsusns

msnduiuuia:ns
nadeu

Day 1
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NYNSSU: D1QlIvNU

00:30

15 56 fiuniseenuuunisuinig

Avnssi: ooNIuUIBNISAR:TAAUD
ADUAINUaONIUIANN3U NNIdAINAOINIS

Tasams 56 fumseanuuumsuinig
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a lIu2AQllAa:

KANNISNS
9oONIIVUUSNIS

- NNSOONIIVUUSNISADO:IS

- KANN1SAALY IUDAONMS
9ONIIVUUSNS (Service Design

Thinking)

Service Design: NS
99NIIUUUSMS AD?

* Service Design K59 “Ms
2ONIIVUUSNNS” KUY NS
ASASSANS:UOUNSYOWIU
uUsns IWalK coufPngas

cilovn1susoununri1zevausina
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Design Thinking HSons:UsUN1ISAQIZVOONIIUUY

ns:uaun*nsﬁqh"re‘!msrhn:nuIﬁ?@?UUIUh‘ﬁN"] 08"1\151‘1%\1
|m(fﬂ‘3IUUFJU£jna‘l\l (oD WAQAS ASS Ao
AUKANYY) AYNASNIOINY nusnwmsiid ta:tirieuony
chve Uuunadeuliasibiouun TRIdnuonMKSeuSanssun
aoulndhudisiaamunsnidue

ﬁemg

”! Thinking

.

=
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ssﬁma
Glsvwlmg Meeting
Bovoorbea 153
Aot

Aaommnsouion
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Jrymidee:ls na:riuiludnym (ana)

’
L
L
®
,
K
’

Empathize/ Underslgﬁ&

Define

o Insight/
Challenge/H
MW

undnymogwis

15

- -
Problem Space Solution Space
TAsen1s 5G fiumsesnuuunisuims
Training Emotional Journey
Uncertainty / patterns / insights Clarity / Focus
I

Research

Concept

Innovation

Design
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THERE ARE NO FACTS
INSIDE YOUR BUILDING

AdAtyluns 50 GET THE HECK

ooNIVUNS & a

usSniS
\ srormnc iy o ”Mraowc

URT DOING ISy,

Service as an experience
Before During After
The service experience happens over time in a series of
moments, where we interact with multiple channels and

service providers.

Us:aumsnimsusnisifiaguanugoudan 10ugazevienssuduisiidaeuniu
Founulla:gIAUSNISHANYSY / KAangniu

Asis 56 funsesnuuuNIsusNS
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KUEDY AvNINaIUNGTFUSMISIGSUNVAUWA WUIKU

IaIATUANIIGNOU SHHOW IAHAYNISIOSUUSNNS
SOUNVAVNINGIONAUMSUSMIS U UAAA AINSSU
UNAUNUY ANMWIDOAS AVSIUUAIIAQIN NIARQ
Upduwus ubwaciondwiivwels ADWSEN IA:NS
QOUAUSY

21

Experience moments

Moment Aio mshgnAIa:evAnsiFnGacie/TUfaudiussuiuna:iu FuidofonmalignAasnso
Wasunlavaowus:ivlemosfivevdns

R
_ | ke —

Experience moment Experience moment Experience moment
Experience moment Experience moment Experience moment
Experience moment Experience moment Experience moment

Tasens 56 funseenuuumsuing
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Experience moments,

AdoYN

Before During After
Book On-board Baggage pick-up
Buy Delays Incidents
Check-in Transit Get at destination
Tasuns 56 fumseenuuunisuinig
Service Design training Un
23
S — - (4
0dudd/ YaUfaulius
Before During After
Touchpoint
serJourney
Touchpoint
Touchpoint

Tasents 56 fumspenuuunisuinis
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Touchpoint?

Touchpoint (M8 touch point, contact point, point of contact) Yaduda YaUFAUWUS IJugaRgn
nazovAnsinistAusmsiuste:dunisianiUagudoya 1RusSms nEodamsesnssudn née ns
DUfAubusnnogwaovanANUAUAT USMS IA:IUSUG Jovevrins 34 Touchpoint AWSNIOUIGAY
amun eUnsni ndeynnans:devrifienssuiinuodeviiuduaeunissuusnis 1du IMUines
Us:nduius inSovnalasAddaludd  ausmsmgionans IndevneulidinossrSuAum dog

auiev 10udu

Touchpoints 9:3QI9UIIAIN
(precise and specific)

Channels Tild Touchpoints.
@ogW Online 1UU channel. Online chat 13U touchpoint.

Tasn1s 56 funseenuuunisuinig

Billboards

Direct Mail

Web Sites
Online chat
In-Store Cashiers

Welcome Letter/Customer Communications

Customer Service Call Centers

Service Design
Trend

i

Imsooimsfodaswoes Kddoaenvnug!
arw

“What i, plaster or concrete walls are self-prote.
g

Folowry the 201 severe flood in Thailand, home
e h wa gt e peekings and dity pa
Ged mostire beneath the wals ead to unple
S s whch can gttty ause heath pro
"MK:mnmlmmpm-mM
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SERVICE DESIGN TREND

Easy Please : rinnegiliie ihfivusmsidiSozu 1nulda:aonau
13U InSovtETWIhTAUARUMSUIIUDAQ Sense, Easy, and Simple Lidu
Kolernaniunisweuunssie MIKQUSInAawIsniFuwAaanTUAldo
a:aonwagiia:ius:AnSnwavau

More Sensudlity : Avie:FoulovnougNUus:HINGUSINARUOVANSTA
ViUl Anonsidislunnsivaiduadougau:n: (Touchpoints) llA:
Us:Aunsn (Experience) NGUSTNAR:AU@ATANISY

Tasenns 56 funseenuuumsuinig
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SERVICE DESIGN TREND

No Limits : hudashfiaiuuidu 4 muusmshddevadgounvdu
KraNKAUTAQUSINAINDIV Ila:dovwangududadnanvuidy « g
Jounwinu

oMU USMS Home Plus 2oV Tesco Us:infiinkald AldiAsusUiuumsgoaudn
NIAUAdeNTUZOTUALNES:UU GR Code TaumeldToiduli Tesco Home Plus Ta
dandavatiuns:eangovamusnividautinaiuidumuwialiouzovduovauAasy
AoldAmwAuMcWY avidaaoanuowiv wiousiniia:sHa GR CodelliolRanAnn
ravsesnldaunsndvdodumdive TdnuRaulowwainguuulode llaTesco fi
SunthAdadvAUAMAUNaRTATNUMETURARINAIRUNAUAURGNANAUNVIURY

Tasens 56 funiseenuuunsuinig
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SERVICE DESIGNTREND )

Mash Up : eauaaunusAcaaueauiudAonranHangihdsuiuidioda
TomdlAnuuSanssulku

gnddogWIFumsh Nike+ UinATuTaBiuu iPod 11a: iPhone wudNIIAUSOVINTLN
IDoaswUs:AUNMSNTTHLA TRAUNSIV TouNERVAISNSUSS:U:N NSV
USunruinaoshiswanry a1 wounuvdudoyaimataudvauoouladlanun

E-Me : mseeniuuusnisiulaneeulatidevasuduevdewndnssun
KHaMNKANY

oMU NAUUSNSION Google ATAVIGNMSSU-AvRanNEBIANNSOUNAGU
Gmail msiUadgonWIdunuicn 4 au Google translate Msrdoyaaiu

S:UUAUAU Google search IA:N1SASIVEOUIAUNKSOIWUNGU Google map
IJudu

Imi 5G fiumsesnuuumsuins

SERVICE DESIGINTREND

Raise the Voice : iasuinowaaiiu /Jumsidaduiiigusinaaunsonaavas v
Aanfuidoshuidaiwe TauRaIRuSNse:dovsudvnadinouaAnyunniduvA
daceiunady

IFu fiansvovdlavanssiurtivaovaun1sOU United Airlines TASUAUIASMIEINADW
Tus:0as:3vtumsrinnuzeovwinuiuzunngns:id la:nagnstudiasnouy
Sudiazounvhua giFormugudutinauasividicuiwavuenianidovsiotcumy
YouTube lia:naeidundluealtouiligiznzuunnan 13 dundv (Foya ru IGou

IUWIYU2556) IKaMsnitAvwaFudemMwAnuninoUUN@efiozov United Airlines
ogUs:duAmila

Tasens 56 funsesnuuumisuinig
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Tasums 56 dumseanuuunsuinig

SERVICE DESIGN TREND

At Eye Level : Unooniuuusmsnosfinuywn@nssuivanzougusinailioligonavn
waniNGavMsUUAeIsAUNU usnNUIAITYVSUIVUIONNSUSNISNAUUOTU
IWevwe ncnsdoasnasvivia:esvivovdirusnisv:iduavhiualegusinaldosy
pelUpll

More Value : AprumBifivuananAUAINSHIURBNUS:TugUTgaouIAd wANNTUANSO
USNMISKUNY ADSP:ASWATUATIAY ID0IFOUIUNANUGNWIUS:HIWIUSUANUGUSINATA
IUUIUUIUADY

Ga-Me : 1858ARAIVUINUAUSUUSTTASIASIUUSMSTAIBFUGNUSUIVUZOINSIAU
INUA nuoAale:ddgaswussomAnWidunuioviuevrns sounuitalomatiwinuiu
nnNMAddUALISHIIUNJUIIUDAQITIOWUUNOVANSSOUNU

Tasenis 56 funsepnuuunisuinig
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Empathize/Under

stand:
MAWINIRUTYM
@igusnis

MsMANMUINIRANA - IAUNNNISSUUSNS
2ovgnAN (Customer Journey)

If someone gave me an hour
to solve a problem.

| would spend 55 minutes
definingthe gﬁblem and

then fivd minutes solving/t.
- Albert Einstein

https:/ /mrjoe.uk/introduction-to-jtbd/
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Jrymidee:ls na:riuiludnym (ana) ndrymogls

.
-
,:
,:
./A
Exploration L7

Empathize/ Undersfgrié Define

Insight/
Challenge/H
Mw

Empathy/ AWIANIRIZVAN ...Ao
AIWAUISDiuNsioGIoviNIUogiu
AWSAN KBoanmuNsninudUILry MiA
INRIKQWA IlA:AIUSANNUUDIZOVAU
AULURSY
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Juaeun 1: Explore/Empathize/Understand

AoMsMAWIITY ANUIAUK Insight ovIKaNIsSndIA:
upRARINYdFoN IothdolyanantuudIAS 1A I1A:GA KN
engAthaulvdnsSuutdunisAaiddryriceld

uaeun 1 : Explore/Empathize/Understand

Qry

v [0aleSuidudrym Fudinseu rSodadudrymdroyuuoy
JovIsTuvahoIdud

v 1ot uidiais hiuguduluamun a:us:AunIsniesy

v dumunimdoua Insight TRTdANIA:SaIRURAQ 18 5 Whys
(https:/ / open.buffer.com/5-whys-process/)

v eghilivAanusmundfadeymduidisn wsToidonidore:
TUldRTadnyrmesy « Afaufiduld
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Isnognnia
dolao:Isun ?

Tasens SG fumseenuuunisuinms

QIEUsMsgINUSMSIdNATKU ot wis

Tann125G funiseenuuunisniinag
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User Persona vs. Buyer
Persona
(Customer Persona)

* User Persona 10U Persona 2oy “ 1§ ” Product
K30 Service FR:IUVOWWNENSSUMSTEWITU
doulhny

* Buyer Persona 10U Persona 20vaNG)
“YO - MNYNU” Yo Product KSO Service

Tasems 5G fumsosnuuumsuinis

Persona 10ussnisasyadnanvrusaevnauithruisoonuiiiodu

GnunguithhueroanAfugaundnowideinnistédoyanis33unv
nsaalalia:msifudoyaooni

JOHN

« 28 years old

+ HHI $75,000

+ Engaged, no kids yet
« Dental Hygienist

+ Student Loans

+ 37yearsold

« HHI $73,000

+ Married, 2 young kids
« Return to career?

+ Go to school to start a

new career?

« HHI $61,000
+ Production Manager

+ Kidsdri n
» Kids to co

+ 56 years old

« HHI $90,000

« Married, 3 older kids
« Almost empty-nester
« New grandma

« Partial retirement




Persona

Behavioral

—

* Wotwao Qswmsolsa QrUV/F3Sd swlensoaulad 1dulsideaiide
: - - o - - & -
9uUMSQu 21asU 10aUdgHINDDADUWILNDS 7-8 BdTuv/Su

Pain Point
* UsaH> Usaa mad awfouaua 1panvsudouonsoidnarduaclula
H135qQuadoloousuwin usa Uszaua Kialudosreoam
HINQUAaLAIIMSHUNUU 1WuLIKa1B3U UdadunuliTd a:danTUKIKUD

U2029 Need

o1 22 U tindnudulii 4
Boudaulalinassua: 6 $oluo/Su

2gnavdvasdvMm deNganUugoloino dyr:IaSnuIRu
TuaeniFuAmE31wuwotun1sasdd 1a:lseINSaAdUIUHSDIDDAULYD:A

ustomer Personas

%2 Goals £ Problem
A Buldoomsw luifesfanti Tugsr:luaemsoulkua Tosnauidud
UssnAgdulugovdansd WoNsaNALsIAN AWAUAN 18: Govns
rnwn Indandsniw
¢ Pain ¢ Wish
uwaemstufidorau mirAuIUAu - semsiuitANUAUATUSIA 1A:AOL
oW - T3, na: 2 sk = ¥ 1
SuiD S00MISIGUNIVIN - Aiwnlaines Tndandsalw a:aonaueluison

VOVMSIAUND Ba: DIKISNISAU SOURvAIL

47
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Tasems 56 fumsesnuuunisuinig

Q.QQQ‘*

L |

SON
Customer
Journey

LUUNISUINIT

231



Customer Journey AeUs:aunmsningnAidwuy

TuNNgWADAUAUAN/USNSZONIST INEULN
gusTna/ QiEusmshFauMKSousSMszovIsTtuIdu
IUUTKU IIAINTEINAUANONISINNZONNT (Touch
point) Tauv

51

Experience Moment

Touchpoint

Experience

232




@ nwuwds:=aunasnd msasuUGASAUMsRivouISUSMS IDUSERALSNIAINIAU NwERRU SERVICE
s LURIATmSSLNA-POUEAINVaIISTLMSUBALWUS fufunousna
USER JOURNEY MAP R DESIGN Q?
niséfugalAunldusnis msiunldusnas vrul&soitos iboianT&usNns msuensounldsn
fionssu
Funidosio
msUfduwus
aouWawole o [ e e e
vouyld
Us:zaunisnd
vougldusnis
Tonanualug
mMswWruun
53
vy \
o - @
L > )
» A p
AruSuTdovNsWA “RgaTniivaed Pantip” QUaya 332 3dlo awiwe 4
AsauAsalUIREoATNTA uuBaYNML Google DINUU Influencer noviAed Vi
UssinArgyufusovuaned AIBUTD:1USSD 3-4 330 WWous:noumsdaaufe <
-
_ A -
R ' ~
[N . >
a 1U3BUIfBus1A Sky Scanner 18ASIAOINAIENISTU 13AlUsAIASLTUDIN \d
- ||a=|5u]uciua\)nda:a'mmsuu Tasasvanasulsno:du Sky Scanner fiKua3u,1Dan |
- Snnsoroudaaulodo sOulng, ANA, JAL Adovmsiauno N
[N
> 4 A
> ems 4
e 7 coe e ﬁa
-
< 10o803UIGUNVOSVAIBUD ravonfAusublanauLIIN Arudubidridsomsnovided
d AuszAulpluusMsyavanenIsTu anlAfAlariinsvaudavKkin asviialduandiofiv
a Alaumvldagva:aonauvne Tuavalusdalugovsurgaend ANWUs:NURADdeaeMSTU
A
)
nnuuums\ﬁms ’ Q sT E P s
N® acacemy
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Customer Journey Map
dFmu
oL —

Touchpoint

................ udhou

A touchpoint is where a user
meets one of the service interfaces

Tasems 5G funiseenuuunisuinis 54

55

a8 5 JucouIon
LT g . g
- Us:aunisnd

4 msini\:r::ﬁu?ms (5E)
: % Compellmg Experience Model

attributes

mssanagnu > o
ENGAGE
©d =

What draws Being there After the user
the user in
anufAnuasmsuinig
EXIT
® Transition Transition
-
m3szdnda Adaptation and combination of Doblin Group Compelling Experience
Trsanns 56 AunsBRTEAN RS Model/Dimensions and John Maeda definitions of the model
an: o grsaurinmimaigiiduidn (Public Service Excellence) : infaslansdoufiaunuios (Toolkits) Tne dhifns s .
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Touchpoints "

0RaNAIdINOAUA Ko USNNsZouIsY R0AUdAIoVANANUAUAMSOUSNS HomsAovAnsAoaTsIusudLUAe
dwqludunguand duidqaisuduaURivRaAuAQ

_CUSTOMER EXPERIENCE—

FORUMS

(PR & L
MEDIA
SURVEYS
@ RN
WORD OF NEWS
MOUTH @ STORE OR LETTER
OFFICE

SOCIAL
L Shues &
@ PERSON Vi
PRE-PURCHASE PURCHASE POST-PURCHASE
Source: hitps:/ /www.everydaymarketing co/ knowledge/
1515\“1'\5 56 ﬁ'Uﬂ'\sﬂﬂﬂll\]\]ﬂ"W?ﬂ'\s
Source: https:/. ‘channels-device: chy 57

Touchpoint Ao yaRgnATdeAUA Ko USMsAN Y0dudAIENANANUAUAKSOUSMSZOUArY KSoMSAALU
AomsiusudaudodaTugunguanA duidyaisuAURUEvROAURQ

CUSTOMER JOURNEY: A USER VISITS THE THEATER

: - ==

Touchpoint 1 Touchpoint 2 Touchpoint 3 Touchpoint 4 Touchpoint 5
Browse movie times Purchase tickets on Call theater with Download tickets. Scan tickets for entry.

Tasems 5G fumsesnuuunisuims
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e 3ulyd

* Tadua Uidy

*  MS©IUSID KSo Testimonial JovanA
+ TaidAnesAufmdv o

*  Twynnnveeulalia:ooulal

*  WUsluguduiasumsany

e Usnduuus

*  msaaraguiuuceg

e Tounn Aolusudn/ovAns

*  miswanvudndedn

s Bi3uricdwgivadu

e msrhneunudaudedvg

*  MsUAdUSOUTUNINSSUANUIUIUGTIN

e 3uUl¥d (won E-Commerce)

* sUiuulgdsy nSoovrns

* SalonaavmsasanmsiFaunn/usms
*  msiddusouovwinUIrUSNS

*  msdavdonduce

* Mssdd

* InONAONAUAT

* Tyunu tu RaliusNs

* anurelé: Alvse lla:ounsnilAusmMs
* (ho/ve uenidan duaeu

e 3uq
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nsanSodiuazounruanm
MsHuUAIS2AWIRUIIA:ADWTNWOTR
AOWNAONZOVIUIASISURNU
sUlluuussNrUAAUA
AUIUSMSANANAVILUSIUUSS HoIluU
ooulau

AUAJUAUUKAINISYIY/NISUSNIS
misuhiaualUslugutniung

Customer Loyalty Program

S:UU CRM TumisuSHisAOWALWUSHUANAT

61

Customer Journey-Touchpoints-Experience

&)

&

Touch Point A
Action Queue Up See Nurse See Doctor
@ O O

Tasens Soufi Jogmit inth/ux-talk

i
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saatnnisafrsuaudslsz aunisaiuasgldusnas 62
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Fogauial Fndnladal e sy ArfEnndsmaang mrasdnds
enmice enten exir

_ et
wilsdadunng
vvvvvvvvvv

Guled | _ Tneudsnndldianans l - l dayaluiiulas I

u nBUGFIUYAAS - iaIasnaniiasan Msuis
uid'nﬁwlu"ma'ml . fheuengaseiuuinag I Adlauusin I

Asfidiamnrmnzaan

OUCHPOINT

Foyn
ruUfdaiud

zzzzzz

b FutinsAn
Aunndiays dasnaslusnsszina IBLIBNAL
dunndlivinuilsda LHTEULBNSANS

AenTmn dwmFurinudsdadunng

EXTEND

Anvnisensdn
Wudsdatdunng
Srouanndiniu

sruULATIIRDUTDYR I

rraddnealiving
emoTion

I Auauidiasdasia s e
- sl g Nudumaiiidn
nadin AL wanwdiaduuaziiuled ®@
Lndeduniaaulal = 30da Adirarurusuinea (LI AT LI Endna:aijnmqﬂinu

3 § dluesen
daslinaudiann Feensaminnn Sneenduluvineu wislafulaiviutaan

laiviu

WRILILaWWALATY

o
o Ence
——— fhouengeuing
- Uszardunus wuuWeFuBEnvseing udeam Uiditledne
o 0 - tAuADINIG
L auaYD qeuinnsdaaniaila ool MU NIwANIY .
Tomalumaiann 2 .
orroRTONITY ndfayninanynia LR R

Tasun1s 56 fun1seenuuun1sUSMS

Aun: msticunkAngasviuuBmsmaSgRI0UIRA (Public Service Excellence) : IndevliomsiBougdosauiov (Toolkits) T AU nws .

HOW IT WORKS ©

1. mruaddnnugunuudidinaen (Persona) IA:USUNNISTSNU (Context) MilinAnagunuuddinuaevndquaidusms TAmna:
sUilvuia:thunidsSguingunuani

2. mss:yrangidusmsupduiiusiius:uuusmsidunmsisuduishAnyun Yadunanoeve:didhanesuiuu duidnmswud:
woRuhugiRusmslasasy (Face fo Face Contact) HEov:a0umstEusmsauniSulad HSeindovusmssalula

3. Tundaaupdudius WidadoyafenssURINGAU (Activities) Ia:nUSANAUAWTNWETTUMSTEUSNNS (Emotion) K090
AQIEU0ryrmnSelwete (Pain-points) Tus:owriienssuliu o Taotks:ySoumusduau 5 Juneuzeuds:Aaunisni
(SE)

4. SouiSuviSousRIdnNgiiusnmsnosUiuugidinae (Personas) LNIdulwudUs:AUMSNI Tavenee:thionmwhso
5dle noUsTundhAry (Quotes) AgIBUSMSIAGURNILUs:noU v:rivimsthiduelidauiivaowivegwaisulu
UsUNGIBULSY asdiuthriintunsTiuthonsedadutsiumsivasunlaviicuns:uuusms

5. SinstHiia:asUuaTINMSAUWU (Finding) AldTuNda:yaUAUbUS 1les:yJrymndse:thiudicuuns:uuusmshiduesii
Qi3la0Us:AUNsNIRG3U soufivthiaueTematrulumsilicutnudanssus:uuusmsidulegidiaritAgiausmseate

Tasunis 56 funisepnuuunisuinig
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:l6Iola ,,
UsTauNIsnugnA
nldegyls ?

N

d.School, TRnusmunisrihaouidieand 3 38

Immerse

AuilaUs:aumsaingsauta

Observe

daneylBua:wnsinssualwanuuuSUNUaIGd3n
UaJWINIUN

Engage

UUduiusua:-aunnuaigisluanuiiosa
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66

Service Safari poo:ls ?

Service Safari Ao INAtIRtuNsINudolA
2938 “aovauladdioulugidusnis”
IIUTBUUSNSUUISA 18DSOUSIU
Joyanunuanidudins:rde

67
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ﬁsﬁumuni
IA:MISAVING

MSAVING

What How Why
(fiaedsdudn)  (faegwls gnAnrh  (ffugnAn nSeaudu
ot ls) Furhegvliu - 1an)

Tasns 56 Aumseenuuunsuinig
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5 ANUN
dununinAos
idoMiive
"Urym" N
anm

$1350un http://customerdevlabs.com/

“ = P . R 7
ASvFgaMmonAruReIrgnsniluul Duiiaduasuliu?
L. y = — - = - - s
avtituvoalrgnnaumunitindounauld Asvadazevdnymninau 1R 1ANAY
TUfiv amuwinadeu nansnitndiAsy ielkistde amumsniduidddu Thens
AU cluaoovlnyrizovalid
“odsAoAvnnruganonduNRdasnsuBov..........7"

Anudotin:hulAisTidine UrymintkngRda RQIISANIWSY: NIWAVAIWEMAWIN

Hn3oluauIeie
"riuneuiivgdAnd TuiduAvRondundnsunruna?”

tiduldaennaudedniumsnny wsruudumsnwibnvaswganeevels 13

1aued gidiuv:donse /lide Uuduognu IKquanonsuninWAndol
"nAowsnduNniiu AruldaevrhedsiiondUnymiusivan?”

FONU3UG Tuns wevdBmIsIiUnmuIGuaevels ilioRv:urlug noearing
"odlsRoavnAniluzousinmsidaevtsssindnymi”

@ - o > i Pap— 9 - Il
FoutidudndovAdAnyuIng Rerintiis 1ameonnuaigisam ws1:uuAoRwnevil/
1AUIGUA WeiouN 1S VeEid

Tasems 56 ffuntsesnuuunsuings

If you get stuck, ask “why?”

* TAnuegdrilu IlogaAnavlUluesUnIA:ISIITR
AvinantZoutiniwndnssuzovgisiias:unou

dovnmisgavinia

c“‘miu?”

* “riluiurh/wo/Raegwiu?”

* “98vInso? 1aomilua:?”

* “qruddoyauinnantidinu?”

« “YonswauduaduituiGuldl?”

* “ilddaeulugAndulvig”

Tasuns 56 funsesnuuunisuinig
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Tasams 56 fumseonuuy

nMsuins

73

DO &Avhnosm

1. egnndonifiu

v oo “rly” “il” “rily”
v “rlufivrdog3smsd..?”

v “rudvtiovdArydnsuncu?”
v “riuideovtnvidudngminng?”

2. duunnnoya
mAMUmaKIaR KSonwdoumshlldsumsaouauavifine Qan
iBovliumaueunAliu wans:nu/AdUSUISVILNATHU

3. muAmuUawita mideus1o

v “EfRdmuos ASvgamunary...?”

v “ieiRlvruoy Us:aumsningda/I9ga...2”
v “Uviveilshfiuaconisdaduleinng”

v “gouisneuntada DUy DoUassa?”
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Don’t &vAlnosH

* mwANW Yes/No 13/1il3

* TUdvgidvu wandiSevwaannui
JOUdIOV

* MUM Solution NAIFU
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Walter Davis

VP of Product at a mid-size company
— I I
Low level of loT knowledge

Discover Xively from various
sources online
“keyword & SEO strategies
facilitiate user discovery

Xively.com

SCENARIO:

xively + @genune

Walter has a quarterly meeting with the board coming up and needs a product update roll out

plan. He has come up with some great ideas involving making the company’s product "smart"
using the loT, he just needs a roadmap for execution to win executive approval.

Walter's goal is to gain buy-in from the board and reinforce that the product is heading in the
direction of innovation and staying competitive.

Explore & get to know the company, it's

1
|
|

customers, products, and services. i
1

Product fit? |

I
11 | Credibilty of experience

User realizes need for services. Utilizes
relevant information for their needs:
« Build Roadmap for product
- Gain executive buy-in
- Connect & manage products

[ [ | | contribute testimony/ || customize
| | 18l case study wor
Contact || Create || Buld& | ; S
Xively || Account || scale | | puidapps & integrate hddo
| | B Professional
! ! | | partnership features
L | Il services

Is IoT right for my product?
How does the IoT work?
What do | need to do to make
my product better with 1oT?

What is Xively, how can it help my
product, and how does it compare?
Who else has worked with Xively and
How did it work out for them?

Is there a free trial or demo | can try?
How do they compare in pricing?
How do | make the business case to
get buy in from the executive team?

How do | start?
How do | launch connected product?
Can | customize Xively to fit my
needs?

Do I need Xively professional support
1o scale?
How can | build custom features?
How can | build app for our users?

Reactive User

Doing

(touch points)

Validation (case studles, use
cases, customer references, word
of mouth, resources (analyst
reports, whitepapers, etc))

Explore site content to
better understand product
Information

First time users may

need pro services to Add
get started User may Just want professional
/ product & can set services

all up themselves

Build app

Evers Response Action e Call Sales for walk-through
Demo Integrate with
Explore — Xively Partners
Content 1
Call Sales for walk-through ~ - Manage | ‘D)
of Professional Services Sign up/Buy » Connected |  Email follow up &
User finds what's ? Products | product updates
usefulto them for the ' il
jor avont thal Resources to present User testimony/
ey areon e for S8 business case to execs. L casestndy
H . I T L d
1 This contents | Awesome -justthe | Gained buy-in and 1 Exctedtobe  k Happy to leave a I
1 great! | understar tools and resources am ready to sign 1 monitoring and estimony or let
how Xivel I needed to help up! I managing product XMMY com-m - 1
H improve my get buy-in 1 from workbench! @
H ‘product, H e
H e
How does this 1
acutally help me? H
®
- Suill a Ittie nervous
EE s ttoo buthos decided 1o At contused about how to get
um«mna‘ il get call to learn more the ioht mechanics i place to @
Ave these resources, buy. from avely. Install and start using I need help to make
i & services tested Product. ‘everything work better or
and validated? Improve ROI of service

Practice 1

Tasens 56 funmseenuuumsuing
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3 =3 X .
auniveno
msUpduwus

AoWWawoale
vouyld

Us:zaunisnd
vougldusnis

Tonanualug
NISWrJUN

“The way to get started is to
quit talking and begin doing.”

Walt Disney

Tasems 56 fumsesnuuunisuinig
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THANK YOU!

MULLIKA SUNGSANIT
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| 1000 Uses
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Thinking outside the box,
encouraging wild ideas

We could . @
222222222 \ Service Design Thinking




Yes, But 02:00
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SMHAWA
U

- Insight
- Need Statement

- How might we

10

Tgwdearls uasvi lanfiudgm @uwa)  szundgwiadnels

~
.

\ -
a &Y
N Implement
N
. X
, il filed N . ﬁ \-
7 e B | TR . e . J . [ )
) L8 w27 : y . Prototype i p X
N\ % 4 X 5 AV ="/
AN 3 - /
. o /
S o Z
> N //
N ;
N // . y
. v s /
N, 7 N /
S / E /
N Y N /
\ y N /

- \ g
\‘// \‘ /
W

Problem Space Solution Space
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Define Stage

#walananludwanaw “Define”
PAINIZUIBNITAALBINT
2aNuUUY Aa nengaszylgm
i pr U
Naanwe grunazun il

AALI

The Define Stage in Practice

ﬂmsaoﬂ'maavﬂﬂam wioana s nivainrsazle
159991UALIANTE wyuﬂaua“lﬂ msonsuigudoyad 155
Auszianlaun
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Customer Insight Aoazls

. AN v A 8K A YA ¥ A
Customer InS|ght 1219 ﬂaﬂal‘ﬁﬂaﬂﬂllﬂﬂ‘i\?ﬂﬂ\?gﬂﬂ']ﬂ

1 a v & &
HIWNII lﬂi']zﬁlaﬂ?']&l&l'l ngq‘l%?zﬂﬂ‘n%\‘l N3
‘anﬂii&l ﬂ')']&l%%‘lfa‘ﬂ ﬂ')q&l(;fa\‘]ﬂ'ﬁ'
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aati insight LumdauaaA2INISNUINTDHNAN
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magamaanwaaﬂmmwmmnlmuﬂu Insight ®ibal
3 [ -

a9Alsznau 3 819 AB

* \flurasie (Gap) n3a Tana (Opportunity) Tun1sunlaiTann

* \fludiaaa (Information) #3aa1a3 (Knowledge) fivirlwdszvanale Tai
LAg3NNa% (Aha Moment)
°o Q¥ ¥ [ &l

¢ ilidnlanaudasmsuazanadnsamzasayrdiinvana

‘g L s [ 1 1 = :

vﬁ'awaowqmnﬁuﬁamsmzmmamqmsn‘iﬁmmuﬁ’wmwu’f’mn
13119 (Empathy) agnedngs mliinagaaasvainaanudywinie
najul.ﬂ'mmyﬁumneho‘lﬂmmﬁu
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Insight = gaganiaarasnidulania
+ 2an133andszuanale

L 1 o
+ AN 19 L
o ] WY U 1
=> W ldganaznannlauas agamaa‘lmd

n: https:/www. 18062/
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adﬁl&i‘lﬁ Insights
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Insight
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Lmﬁ’aagamﬂ%'u Persona
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«  UNiBEUWSIAUD « OfAsadluifeonwidsd 8 Sur3a + 5 UsanA
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Needs & Goals Painpoint

«  2enmwsunAwiiBeulkiWundunasdaaiulaoie +  U2QuuiBsusionouviiedavwuiiu sasandviuiulumuiziuun
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3211511 Need Statement 3@ Point of View (POV)

+ NEED +

nngroup.com

User Need Statements
The ‘Define’ Stage in Design Thinking NN /g
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261




Define

Clarify the problem, to understand what needs to be solved.
From product to service, clarity on a problem is critical because it will
lead to what IDEO refers to as the POV (Point of View) statement.

needs to because ;
user verb insight
(descriptive) (explicit and implicit) (compelling)

30

Uss lots of What doses your Why is the problem
adjectives user nesd to do important or
or feel? significant?
12/7/2021 Service Design Thinking
31
DESIGN THINKING PROCESS
- -
Moving To Ideation
Observations » Themes ~ Insights » Opportunity » How
+ Quotes Behavior  Family - Areas Might We
"a as 8
= aee = How Might We...
e e
. . Community -
. . ::. q. How Might We...
e )
How Might We...
12/7/2021 Service Design Thinking
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91N PoV/Need Statement (Hypothesis) --- &
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asasaaa 1519z Verb..(las/azls). 1o

...Opportunity...169f§3Ei’ldvl‘s" LT

- aznwduliwinanudinlumahaunasiungassnnud ld
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Problem framing Solution space

Make it faster

Upgrade the motor
Improve the algorithm
Install a new elevator

The elevator 5
is too slow

L Reframing the problem
Make the wait
The wait is feel shorter
annoying Put up mirrors
Install hand sanitizers
Play music
12/7/2021 Service Design Thinking

Source: Jim Kanbach. (2020). The Jobs To Be Done Playbook: Align Your Markets, Organization, and Strategy Around Customer Needs 1st Edition
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Insights

1. Users favorite social feature

is to share playlists with others.

2. Users are using other
methods to share songs
outside of the Spotify app.

3. Users would like more
features / greater control of
their playlists.

12/7/2021

Needs

1. Users need a way to connect
with friends through the music
that they share.

2. Users need a way to easily
and directly share songs.

3. Users need to know they will
have access to features that
will give them more control of
their play lists.

POV

1. Jen needs to know that she
has a way to connect with
friends through music because
her favorite social feature is to
share her playlists with others.

2. Jen needs to know that she
can easily share songs because
she is using other methods to
share songs outside of the
Spotify app.

3. Jen needs to know that she
will have access to features
that will give her more control
of her play lists because she
would like more control of her
playlists.

36

HMW

1. How might we help Jen
connect with friends by sharing
playlists with others?

2. How might we help Jen
share songs on Spotify directly
with friends?

3. How might we help Jen have
greater control of her playlists?

Service Design Thinking

Emawey “How Might We” by changing the questions” goal.”

v ]
S !

* Explore the opposite: mazilfimsseneailuaufihnudu
Ngaveamsiiumaldedidls

* Question an assumption: iszaunasefianuiivldedidls ?

* Create an analogy from need or context: is1azvil¥
anuduihunieuaihlded1als ? wdeumnudnan?

* Play against the challenge: sozildmnuduihaandiin
q desm3liflded1e1s?

* Change a status quo: suzilidniaumaziasianiniiney

12/7/2021

Yoaasldeenals ?

Service Design Thinking
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Service Design Thinking

12/7/2021
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ooner. j

L

Let’s
Define the
problem!!

Change Clock Type E

00:40:00 Durstion:
.

TimeUp Reminder
Optional: [ v]
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IDEATION

* How to come up with
innovative solutions ©

1. Start with a problem statement, point of
view, HMW..?

2. Stay on Topic

3. Defer judgement or criticism, including
non-verbal

4. Encourage wWeird, wacky and wild
ideas

5. Aim forquantity

6. Build on eachothers' ideas
Be visual
8. One conversation at atime

Brainstorming rules for Design Thinking by IDEO °
1

~N
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Worst ideas 05:00 o

- siutiu luamssdanudad ludvindtu aesdaiieiisi
14 vinan 14 Aanguisne 1Judu
- W mnesnad lidmadu ld e

o lvmnau daldweimduldlaild sneuaz 4
Taide

222222222 Service Design Thinking

page 45
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SK\P? QUELE .
}7'7C/<Er

FOR EMERGENCIeS .

OMIN ] | g, (8
TAX\ 1.
( l v L

DAf71838p $ervice Design training - Suranaree University of Technology Service Design Thinking
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Worst ideas 05:00

"5192vhoy 19 ldthaievih Iuurdatianil
viru laaau”

wisuanudadudvsinliidufedtu lasRansananndai
authunde laomsdumiidunuegenme luanudaniin
nsasnanIn ldaalsstiuaale
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n15Laan Idea: Dot Voting
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= t
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High Impacr,

Low effort. Value (Impact) —
(ves!) Effort Matrix
ﬁ*? High ¢Hort,
0 - h’,b impact.
13 “7 (may8E) ®
~ n
\YJ
s
h & high effort,
O m \ Low impacr
EFFORT
Low impact,
Low fﬂ-‘t&f. @
(MAyBE)
12/7/2021 Service Design Thinking page 49
HIGH A\ Value (Impact)
— Effort Matrix
(.’ (a A ‘ ﬁ o
X 2—'?
2%
vALv ¢ 9
?l.m o J(.-_’ <@
10 @
|d e X A %
-t A 9
HIGH Low
EFFORT BY
ORGANIZATION -
12/7/2021 Service Design Thinking page 50

270



12/7/2021 Service Design Thinking
Source: https://inmediatum.com/en/services/ prototyping-services/
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Testing concepts through prototyping

12/7/2021

Different levels
of prototyping

Prototyping can be undertaken at different levels of
resolution and serve different purposes. The graph
below breaks prototyping down into three core
levels of resolutions.

z
Qo
=
=
=}
o]
a
w
4

Conceptlevel prototype

. [Tooks iike,feels Tike" . "Works ike' "
prototype . prototype .
TIME
Service Design Thinkirlg
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Cheap — fast —learn |

[

< 5= v o o
gniga — 133Nga — naaeunazun lulvis1nge

3R (Rough, Rapid, Right)

Service Design Thinking
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Bringing new ideas to life is an essential part of what we do.

12/7/2021

The first versions are usually rough. They re early proofs of
concepts, ways of helping us explore, learn, and think.

Usually, they re far from pretty, and they may never work.
They re prototypes — not finished products.

- IDEO
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STORYBOARD -

Customize this free storyboard template from EDIT.org

www.tuproyectoweb.com - 1111 C St, San Diego, CA 92103 - (610) 888-1111 o0

12/7/2021 Service Designkﬁl?.nking

Paper Prototyping

12/7/2021 Service Design Thinking page 62

276



63

®eeeo

9 care

///5 ::F ¥ CAFE LEARN NEw

I5% WORDS?

Comple+,
F"ldty, Jan I5 R B 0% complete
+ Word on
(O Learned new, "‘r"':“l'tsﬁ:: rrri";h. l:f?::‘n. h word en e
i
words for cafe! ght its carrect

Slide 4o view °" He righy,
S e
L] | g k!

/> slide to up,.;

12/7/2021 Service Design Thinking

64

Concept
Prototype
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Prototype
Techniques

Lego prototypes Role Playing

eeeeeeeeeeeeeee gn training Suranaree University of Technology 6 28
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Prototype

Service Design Thinking
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Testing Prototype

Test to learn
Fail fast, Fail often
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Not to do
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THANK YOU!

MULLIKA SUNGSANIT
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