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Video
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https://www.blilibili.com/video/BV1aP4y137AS/?share_so
urce=copy_web
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1. How do users experience the integration of AR and VR within the Metaverse, and
what are their emotional responses to immersive environments?

2. In what ways can AR and VR contribute to the sense of presence and social
interaction within the Metaverse?

3. How do individuals' perceptions of reality shift after prolonged exposure to AR and
VR environments?

4. What are the ethical implications of creating and experiencing highly realistic
avatars within the Metaverse?

5. How do AR and VR affect the learning and educational outcomes in virtual spaces?
6. What are the potential risks and benefits of conducting therapy using AR and VR in
the Metaverse?

7. How do different cultural backgrounds influence the way users interact with and
perceive the Metaverse?

8. What are the barriers to widespread adoption of AR and VR technologies in
everyday life and in the Metaverse?

9. How do users navigate issues of privacy and data security within AR, VR, and
Metaverse platforms?

10. How do AR and VR in the Metaverse influence the development of digital
economies and the nature of work?
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Will machine replace human
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Evolution

« Steam Engine
o Car
 Computer

* Internet

o AlI?
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Evolution: Red flag traffic laws

AR My 1]
A s

T

Secondly, one of such persons, while any locomotive is in
motion, shall precede such locomotive on foot by not less than
sixty yards, and shall carry a red flag constantly displayed.
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AR, VR and Al
03 August 2019

.

Artificial Intelligence

,,

https://youtu.be/ligd1f5tMjU

https://www.youtube.com/watch?v=IZfnsviqsfg&feature=youtu.be
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Introduction to AR, VR and Al

Al

Overview of AR and VR

Industry uses of AR and VR

Commonly used Hardware and Software
AR, VR and Al integration

Intro to Unreal Engine

SR A

10
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Data Analyst, Data Science, Al

« Data Analyst — Use Model
« Data Science — Create Model
* Al — Automated DA and DS using Machine

=
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Artificial Intelligencé
Deep Learning \

Analytics & Data Science
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Early artificial intelli n‘r
sgrs_eg(ci;;r:ler:t.e e MACH I NE

LEARNING

DEEP
LEARNING

1950's 1960's 1970's 1980’s 1990’s 2000's 2010’s

https://blogs.nvidia.com/blog/2016/07/29/whats-difference-artificial-intelligence-
machine-learning-deep-learning-ai/
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Al and Big Data

Internet of
Thing

Natural Alonlile
Language Process
Processing Engineering

Big

- Data ~
Block Chain

Al & Big
Data
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Al: Neural Network

« Started in 1943 by Warren and Walter
* NN : Modelled on the human brain

« Hundreds of variants (RNN, LSTM, CNN,
MLP....)

° Applications; Handwriting, face, speech recognition

DEEP NEURAL NETWORK




Brains and Traditional Computer

Brain

200 billion neurons, 32 trillion
synapses

Processing speed: 100 Hz
Parallel

Inputs are approximately
summed

24 NANYANG TECHNOLOGICAL UNIVERSITY | SINGAPORE

Computer

1 billion bytes RAM but
trillions of bytes on disk

Processing speed: 10° Hz
Serial
Activation Function : Sum




2018: Deep Learning, Big Data, Distributed”"
Computation

* Deep Learning (LSTM by TensorFlow)
« Big Data (Hadoop)
 Large Distributed Computation (Spark)

17
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7th June 2019

A humanold robot working side by side with employees at 3 tactory In Japan. A report by UK-based research firm Oxford Econonves says about ona in three robots worldwide Is in China, which accounts for
around ane-fifth of the world’s total stock. But Japan - formarly the world leader in automation -« has reduced Its active stock of robots by around 100,000 units since 2000, It says. PHOTC: RELTERS

Robots to wipe
out 20m jobs
by 2030: Study

l.ead author says Singapore, with a supportive regulatory
structure, is well-placed to benefit from new robotics

Chong Koh Ping

Technology Correspondent

2030, anew study has found.

And the displacement of jobs will
not be evenly spread around the
world. or within countries, avcord-
ing o the study published yestes-
day by Oxford Economics, a UK-

Up 1w 20 million manulscturing

jobswillbe lost globally to robots by

based research

Lower-skilled regions are much
more vulnerable to the joblosses, it
said after surveving seven
economies - the United States, Ger-
many, Britain, France, [apan, South
Karea and Auseralia

Sinc © 2000, snme 1. 7 millian man-
s have been lost lo 1o~
. including around 400,000 in
rope, 260.000 in the US, and
0,000 tn China.

The study noted that the rate at
which robats were replacing jubs
had been rising steadiy, with the
global stock of industrial robots
more than doubling since 2010,

“The robotics revolution is
rapidly accelerating.. The result
will rranstarm what robots can do
r coming decades - and their
ability to take over tasks that hu-
mians do now,” said Mr Junes Lam-
bert, associate dizrector at Oxford
Economies and alead author of the
study. He added: “The number of yo-
bats is also set to multiply rapidly.
We expect the number in wse o
reach 20 million by 2030 - about 10

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE

O il
NKumber af robals ex)
10 times the number now

Iﬁﬂ
Number af manufaciuning jois thal have already been kest

torenots since 2000 including arpand 400,000 in Furope.
2€0,0C0inthe US,anc 550,000 in Crina.

Number afindustrial robats in
dwarfing the restof the word's stock o them.

times the number now.”

The study noted the centre of
graviry in the world's robot stock
has shifted towards new manufac
turers, mainky in China, Korea, and

¥ hut alsa to India, Br nd
Poland. Abuvut one in three robots
worldwide is by China, whicl ac-
counts for around one-fifth of the
world's total stock, up from just 0.1
per cent in 2000, By 2030, China
could have as many as 14 million in-
dustrial robots, dwarfing the rest of
theworld'sstockof them.

In contrast, the combined robot
inventory of the US and Europe has
fallen to under 40 per cent of the
glabal share fram its peak of close
050 percentin 2009,

And Japan - formerly due world
leader in automation - has reduced
1ts active stock of robots by around
100,000 units since 2000.

The study predicred thar the use
of robols services industries
would accelerate sharply in the
next five years. This would particu-
larly affect the logistics sector but
should spread to acher industries,
including healthcare and retail.
satinns are huge. We
will se a significant boost to pro-
ductivicy and economic growthand
some new types of job we can’t
even vet foresee.” sald Mr Lamberc.

The report predicted that a 30
per cenr rise in robor installations
abuve its baseline forecast for 2030
would add US34.9 tillion (S$6.6 tril-
lion) to the global economy that
vear, equivalent to an economy
greater than the projected size of
Germany’sin that vear.

“Rut at same time business
madels will be disrupted or
turped and millions of exi
workers will be displaced -
Jmpact will affect lower-skilled and
poorer economies... most.” he cau-
tioned, “Governments, pal
ers, business and individuals need
0 think hard now about this wave
of tech-driven change and we all
need to prepare for whar amounts
toanewindustrial revolurion,”

When asleed about the impact of
rahots in Singapore, Mr 1ambert
said it was well positioned to bene-
fit from this new generation of ro-
botics as it has a modern and up-
gradeable infrastructure, asupport-
ive regulatory framework and a
strong investmenl environment.

“Those workers inSingapore that
are displaced by technology will
have to adape thelr skills to the
evolving demands of the future
economy but the government al
ready has put in place schemes to
help ta retrain workers disphced
!van)n-okw\ " he said.

ingapore also b an ageing pop-
ulation (more so than most) and re-
straints on inward migration, so ro-
bots may be particularly helpful in
keeping the econamy growing,”

kehping@sphcom.sg




MARK AINSWORTH

=

For the asset management industry, IA (Intelligence Augmentation) is a much more relevant area of
science than Al. It enables the extraction of insights that few others can even identify. PHOTO: REUTERS

ARTIFICIAL intelligence (Al) is a hot topic. Innovations in this area are creating intrigue
as to whether machines will replace human beings as portfolio managers. "Robo-
advisers" already exist, providing basic financial advice using algorithms that are
calculated from the questions being asked.

https://www.businesstimes.com.sg/executive-money/man-or-machine-whos-really-driving-your-portfolio
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Al, the future of iInvestment
management? CFA Institute July 2018

CFA Institute recently co-hosted a conference with CFA Society Beijing, which was also
livestreamed around China, to discuss and, dare | say, speculate on the impact of artificial
intelligence (Al) on our industry. As you can imagine, this sparked some lively debate and the
consensus was that although the investment management business is not going away any
time soon, Al will have a profound impact on the way we invest in the future.

https://www.aslaasset.com/aam/2018-07/201807-al.aspx
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EY, Deloitte And PwC Embrace
Artificial Intelligence For Tax
And Accounting

@ Adelyn Zhou contributor

TWEET THIS

Using NLP to extract information and a human-in-the-loop to
W validate the results, the Al system is three times more consistent
and twice as efficient as previous humans-only teams.

At Deloitte, what once took four to five months to complete is now
done in a week
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Al Market Size

Chart 1.1 Artificial Intelligence Revenue, World Markets: 2016-2025
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Evolution in Al

g'ﬂ

The Evolution of Artificial
Intelligence

The birth of Al

The term "Al" is
coined

The golden years

The first winter

Boom

The second winter

Al The implementation of Al tech

in personal computer technology
The first machine to
win a chess game against a
reigning world champion-
Garry Kasparov

Deep Blue

A question answering
computer takes $1 million for
first place playing Jeopardy!

Watson

AlphaGo VS. Lee Sedol wins
4/5 Go games

AlphaGo

23
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Singapore Al: Detect Eye
Conditions

* In a world first, Singapore-developed artificial intelligence
system detects 3 major eye conditions

« Singapore National Eye Centre (SNEC), Singapore Eye
Research Institute (SERI) and National University of
Singapore (NUS) School of Computing.

 Deep Learning System (DLS)

« 5 million images next 5 years

« 30 co-investigators

« 500,000 retinal images

« 180,000 out of 600,000 Singaporeans with diabetes have
diabetic retinopathy — lead to blindness.  su

https://www.ihis.com.sg/Latest_News/News_Article/Pages/In-
a-world-first-Singapore-developed-artificial-intelligence-
system-detects-3-major-eye-conditions.aspx

https://www.channelnewsasia.com/news/singapore/in-a-world-first-singapore-developed-artificial-intelligence-9498742

24
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Cardiologist vs Al

DIAGNOSIS DILEMMA: PERICARDITIS OR CARDIOMYOPATHY?

ARTIFICIAL INTELLIGENCE HELPS DOCTORS SEE WHAT THEY NEVER HAVE BEFORE. THE RESULT IS A
DIAGNOSTIC ACCURACY RATE THAT FAR SURPASSES WHAT CARDIOLOGISTS CAN ACHIEVE

AlINASINGLE HEARTBEAT

In the span of a single heartbeat, Al collects™:

{nm_ LOCATIONS

ATTRIBUTES mm ATTRIBUTES

Al can look at 10,000 attributes of

Doctors who use traditional methods
the heart and achieve 90% accuracy’.

only look at 7 attributes of the heart x ]
and achieve 56% accuracy. [90 METRICS

ACCURACY ACCURACY

http:/fsaffrontech.com/wp-content/uploads/2017/07/Healthcare-Case-Study_Final-1.pdf

@ NANYANG TECHNOLQG!CAL UNIVERSITY  SINGAPORE



Accounting

Natural Language Document *Review high volumes of contracts
Processing (NLP) Review eDeloitte: Half a year 2 < 1 month

eldentify fraudulent invoices for clients

Machine Learning S::;:E% *EY: Fraud detection system with 97% accuracy has been rolled out to over 50
companies
*NLG: creation of text by computers
Natural !.anguage Producing eDeloitte: use NLG to create detailed narrative reports of individual tax returns.
Generation (NLG) Reports Its tax professionals rely on these reports to provide more targeted financial

advice to clients during consultations.
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Mining giant BHP goes digital In
race for survival

At BHP's Integrated Remote Operations Centre in Perth, banks of monitors flicker with real-time video and
tracking data from far-off autonomous equipment at the company's mining sites. (Courtesy of BHP)

https://asia.nikkei.com/Business/Company-in-focus/Mining-giant-
BHP-goes-digital-in-race-for-survival
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Block Chain in Commodity
14 Feb 2019

Blockchain Could Be Used to Fix Sugar
Trading Problems

@ Priyveshu Garg % February 14,2019

Sugar traders are looking to fix industry woes by implementing blockchain
technology, following the steps of agricultural merchants who have already
used the tech to help streamline trading and shipping transactions,

Bloomberg reported on February 14, 2019.

https://unblock.net/blockchain-could-be-used-to-fix-sugar-trading-problems/

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE



Toronto cut business costs by 80% +
saved space by 60% + saved time by 75%

“The digitization of TO Logistics' storage process required skilled planning, delivery,
implementation and training. 360 Business Ventures designed the digital transformation
pathway for TO Logistics and worked with the various stakeholders on its successful
implementation.”

-Controller at TO Logistics

The Result

60% SAVED SPACE 75% SAVED TIME 80% SAVED COST

https://www.360businessventures.com/case-study-logistics/

https://logisticsviewpoints.com/2018/04/09/recent-supply-chain-case-studies/
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Campbell Soup’s Ability to Greatly ***=
Improve their Forecasting - August
15, 2017 - 76 percent forecast
accuracy

https://logisticsviewpoints.com/2017/08/15/campbells-demand-management-benchmarking/
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Al fake face website launched
® 19 February 2019 f © ¥ [ <« share




Pollce used faC|aI recognltlon to
identify the Capital Gazette shooter.
Here's how it works

. By Dakin Andone, CNN
pdated 2222 GM D22 HK1)
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THE DAILY NEWSLETTER N s . -
e ‘; . e ew CIen ls

News Technology Space Physics Health Environment Mind Video | Travel Live Jobs

Home | News | Technology

Q000POHOO =

DAILY NEWS 26 November 2018

Exclusive: UK police wants Al to stop
violent crime before it happens

\ - SN
- ey
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& SignIn Q Search

LATEST VIDEO FREE

We may finally know
what causes Alzheimer's- 1
and how to stop it

The truth about cheese:
The terrible costs of our 2
favourite food

Universal income study
finds money for nothing 3
won't make us work less

Opportunity Mars rover is
officially dead after 15- 4
year mission

Slime-fighting slug can
superglueenemyfrogsto 5
trees for days




Al is even discovering new spices for
our meals

By Ryan Daws
a Editor of Al News. A gadget lover, music purveyor, and ex-host of a consumer technology show.

PHOTO BY RAWPIXEL ON UNSPLASH
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A JAPANESE CITY IS USING Al
TO PREVENT YOUTH SUICIDES




Artificial Intelligent

* Predictive — Campbell to Predict Order

« Student’s Project — Predicting Commodity Price,
Predicting Bankruptcy Risk

Hudden
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Cloud Computing

 Amazon Work Space — Host Al application

Mobile

Applications

CLOUD
COMPUTING
@J g) '-o
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Natural Language Processing
(NLP)

« Student’s Project

* Web Scrapping - Know Your Client
 Medical Chatbot I

d = learning

NLTK . iBzprocessing .  Natural
e | 1 i 100
cof BN Janguage

Iaggqggg,% =R processing

Stopwords
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Robotic Process Automation (RPA)&

» Student’s Project — Automate Hotel
Processes Using Ul Path

Customer Service

? 4
Supply Chain §
Management § go




Software Used SS&S, Tensor

UilPath

@, python
Beautifugqou a
: django TELEGRAM

o~

Natural Language Analysis

. GOOGLE NEWS
with Python NLTK @4‘ WNLP CORPUS
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2. AR/VR

sensorania
-
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What is Augmented Reality (AR)?

« Real-time direct or indirect view of our physical world,
overlaid with computer generated information and

graphics
« Combines virtual and real objects together and creates
an interactive experience

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE



[(1**  Dubai bus drivers to receive virtual-reality
SHARe training

» Dubai's Roads and Transport Authority is turning to technology to improve safety standards

i

Dubai bus drivers will soon be receiving special virtual reality training.

IO s I-T<}

https://www.thenational.ae/uae/dubai-bus-drivers-to-receive-virtual-reality-training-1.892929
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https://www.thenational.ae/uae/dubai-bus-drivers-to-receive-virtual-reality-training-1.892929

Virtual reality will reshape your entertainment experience in the next five
years

& Cheryl Kahia

Custom Search

Elasticsearch
+
Canvas

B28 or bee to bee? Create

LIVE REES IN FLIGHT

https://www.thesouthafrican.com/tech/virtual-reality-reshape-entertainment-experience-next-five-years/

HeH
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https://www.thesouthafrican.com/tech/virtual-reality-reshape-entertainment-experience-next-five-years/

07.31.2019 | Fourth Industrial Revolution

Augmented reality will change
concerts forever

By: Rachelle Dragani

U2, Maroon 5 and Eminem are shattering the fourth wall.

®
®
@)

https://www.verizon.com/about/our-company/fourth-industrial-revolution/augmented-reality-will-change-
concerts-forever
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https://www.verizon.com/about/our-company/fourth-industrial-revolution/augmented-reality-will-change-concerts-forever
https://www.verizon.com/about/our-company/fourth-industrial-revolution/augmented-reality-will-change-concerts-forever

Facebook Augmented Reality
device to let you type with your

The researchers nope to reach a reai-time decoding speed of 100 words pe
minute
LANS f '

https://gulfnews.com/technology/media/facebook-augmented-reality-device-to-let-you-type-with-your-mind-
1.1564580786366

%@ &
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https://gulfnews.com/technology/media/facebook-augmented-reality-device-to-let-you-type-with-your-mind-1.1564580786366
https://gulfnews.com/technology/media/facebook-augmented-reality-device-to-let-you-type-with-your-mind-1.1564580786366

B g

Apple is hosting augmented reality art walking tours
in major cities

Lucas Matney @lucasmtny / 1dayago ] Comment

https://techcrunch.com/2019/07/30/apple-is-hosting-augmented-reality-art-walking-tours-in-major-cities/

2 NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE
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https://techcrunch.com/2019/07/30/apple-is-hosting-augmented-reality-art-walking-tours-in-major-cities/

Other News

https://www.roadtovr.com/apple-ar-vr-
job-listings-new-products/

https://www.businessnewsdaily.com/9

245-augmented-reality-for-
business.html

https://www.livemint.com/technology/t
ech-news/ar-vr-games-motivate-
players-to-sweat-it-out-in-the-real-
world-1564669560594.html
https://venturebeat.com/2019/07/16/a
r-vr-early-stage-valuations-soften-
leading-to-investment-and-merger-
opportunities/

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE

Flurry of New Apple ‘ARN ub |stings Point to New

Products on the Horizon

Augmented Reality Check: Why Businesses are
Embracing AR in 2018

AR, VR games motivate players to
sweat it out in the real world

2 minread.Updated: 01 Aug 2019,08:36 PM IST

AR/VR early stage valuations soften, leading to
investment and acquisition opportunities



https://www.roadtovr.com/apple-ar-vr-job-listings-new-products/
https://www.roadtovr.com/apple-ar-vr-job-listings-new-products/
https://www.businessnewsdaily.com/9245-augmented-reality-for-business.html
https://www.businessnewsdaily.com/9245-augmented-reality-for-business.html
https://www.businessnewsdaily.com/9245-augmented-reality-for-business.html
https://www.livemint.com/technology/tech-news/ar-vr-games-motivate-players-to-sweat-it-out-in-the-real-world-1564669560594.html
https://www.livemint.com/technology/tech-news/ar-vr-games-motivate-players-to-sweat-it-out-in-the-real-world-1564669560594.html
https://www.livemint.com/technology/tech-news/ar-vr-games-motivate-players-to-sweat-it-out-in-the-real-world-1564669560594.html
https://www.livemint.com/technology/tech-news/ar-vr-games-motivate-players-to-sweat-it-out-in-the-real-world-1564669560594.html

Augmented Virtual
Reality Reality

NANYANG TECHNOLOGICAL UNIVERSITY GAPORE



Hardware Software

HeH
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2. Pokémon Go

%@ &
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3.10S Measure App

Move iPhone to start

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE




4. Google Search
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What Is Virtual Reality (VR)?

 Three-dimensional, computer generated
environment which can be explored and interacted with
by a person using input devices

« Users becomes part of this virtual world or is immersed
within this environment and whilst there, is able to
manipulate objects or perform a series of actions.

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE




Current VR Applications

* Resident Evil 7 VR
* Tilt Brush
 Kraken Unleashed Roller Coaster

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE



1. Resident Evil 7 VR

https://youtu.be/fcLI-DZGLZS8
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2. Tilt Brush

https://youtu.be/TckgNdrdbgk

e
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https://youtu.be/5K950IBpi6A
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Industries’ Usage of AR & VR

* Healthcare * Education

* Architecture * Military

* Entertainment  Media

* Sports * Rehabilitation

« Business e Arts

. VIRTUAL
v FITTING ROOM
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Healthcare

https://youtu.be/4p7MUzSeCWU
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Architecture

https://youtu.be/xpjhsOneeQQ
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Entertainment

https://www.youtube.com/watch?v=HAY1liollOEc
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Sports
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Arts

https://youtu.be/tTIb6-9pvsQ
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Business

https://youtu.be/RxhecVUtyHA
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Education & Training

[ g —

Manfattan Monumen t Valley
New York Arizona

Florence Tokyo Tower < Ne?x\l_P.lfV

https://www.youtube.com/watch?v=SCrkZOx5Q1M

HeH

29 NANYANG TECHNOLOGICAL UNIVERSITY ' SINGAPORE




Military

https://youtu.be/bgCLB7AktL8
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Media

https://youtu.be/mclPBO6sCYY

@ NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE



Some hardware that are used

Virtual Reality

« HTC Vive
 Qculus RIft

 Valve Index
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Some hardware that are used

Augmented Reality

* Microsoft HoloLens D

« Google Glass S ass
> W7

* Your phone




Market Trends

Number of Virtual Reality Users, in
millions, Global (2015-2018)

114
58

41

26 23
13 5 16
4.1 1.6 1 . 4 I
2015 2016 2017 2018
Early Majority/KT&T W Early Adopters/Light Gamers
Innovators/Hardcore Gamers
Source: KZero \ \
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Market Trends

More than —
600,000 ARjobs &7 )
are waiting for

workers with the

right skills.
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Integration of Al with AR and VR "

Physical Environment Mapping
Precise Depth Perception
Relevant Threat Warnings
Simulation & Training
Rendering Optimization
Unbounded Social Events
Character Modelling

N o O s wbdPE
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Physical Environment Mapping

« Mapping entire environments in real
time while blending the results with a
virtual world.

« Allows a fully immersive VR and AR
experiences with real world buildings
and structures

« Creates opportunities such as AR
shopping
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Precise Depth Perception

« Besides mapping stationary structures, Al could soon
map constantly moving environments, such as internal
organs

* Only Al can handle the vast number of calculations
needed to achieve instant, precise and accurate
adjustments for the required actions

— e.g. Surgery
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Relevant Threat Warnings

« Make complex decisions for the military, through learning
from archived simulations and strategies

« Able to highlight clear and relevant danger
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Relevant Threat Warnings

Civilian can also use the same system, where it highlights
danger such as oncoming cars or see round corners and
give advance warnings before they’re even in danger.




Customized Simulation & Training

* Improve simulated training
— Incorporating more data points
— Comparing and contrasting different techniques
— Personalizing education

« Has the potential to make education easily accessible for
every student, giving all a chance to learn




Character Modelling

« Coupled with deep learning to create realistic character
models, realistic characters can be produced easily and
readily, in theory.




Appendix A:
Quick look at Unreal Engine 4

&
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What Is Unreal Engine 47

UE4 = A Game Engine
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w

UNREAL

ENGINE

& unity

What do game engines do?

Q> CRYZNGINZ LAnvil e

&
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Graphics Renderer
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Simulation
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Logic
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Audio

3D Audio
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Platforms Deployment

HeH
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Logic behind UE4 =) Blueprints
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Blueprints

« Scripting system based on the concept of using
a node-based interface

« Used to define object-oriented (OQO) classes or
objects in the engine
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How do blueprints works?

« Basically, Blueprints are visually scripted additions to
your project.

It works by connecting Nodes, Events, Functions, and
Variables with Wires
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How do blueprints works?

* Blueprints work by using graphs of Nodes for various
purposes that are specific to each instance of the
Blueprint in order to implement behavior and other

functionality.

« Itis possible to create complex interactive elements
from blueprints
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Blueprint Classes

« Usually ideal for making interactive assets like:
— Doors
— Switches
— Collectible items
— Destructible scenery
— Etc..
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Blueprint Classes

 ldeally, each interactive assets has their own separate
Blueprints

« Contains the necessary script to respond to events such
as:
— Making them animate
— Play sound effects
— Change their materials
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Blueprint Classes

* Blueprint classes are self-contained

— Thus, they can be constructed in such a way that you can drop
them into a level and they will simply work, with minimal setup
required.

« This also means that editing a Blueprint that is in use
throughout a project will update every instance of it.
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Project

Primary Game Module

Class Class Class

Functions Functions Functions

Properties Properties Properties

Additional Game Module

Class Class Class

Functions Functions Functions

Properties Properties Properties

HaE
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Construction Scripts

« Atype of graph within Blueprint Classes that executes
when that Actor is placed or updated in the editor, but not
during gameplay.

It is useful for creating easily customizable props that
allow environment artists to work faster, such as a light
fixture that automatically updates its material to match
the color and brightness of its point light component, or a
Blueprint that randomly scatters foliage meshes over an
area.
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Pawns

« Atype of Blueprint Class that allows users to put
together every element you need for a playable
character in the Blueprint graph.

— Manipulate camera behavior
— Set up input events for mouse, controller, and touch screens

— Create an Animation Blueprint asset for handling skeletal mesh
animations.
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Pawns

Blueprint also comes with a character component that
you can edit such as:
— Moving around

— Jumping

— Swimming

— Falling built-in

* You can edit and add values and input in accordance
with how you want your character to be controlled.
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Creating a HUD

* Blueprint script can be used to create a game's HUD
(Heads Up Display) as well

« Similar to Blueprint Classes, it can contain event
sequences and variables but is assigned to your
project's GameMode asset instead of being added
directly to a level.
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Creating a HUD

« HUDs can be set up to read variables from other
Blueprints and use them such as:
— To display a health bar
— Update a score value
— Display objective markers
— Eftc..
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Waapan HUD Testing

 Pick Lip |l C

HeH
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Creating a HUD

 Itis also possible to use the HUD to add hit-boxes for
elements like buttons that can be clicked on or, in the
case of mobile or Virtual Reality, can respond to touch

Input.
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Portal Lisy
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Blueprints - Interface

I R S S

1. Toolbar
2. Components panel ;
3. My Blueprint panel

4. Details panel

5. Viewport

6. Event Graph
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Blueprints — Event Graph

f Construction Scrip m= EventGraph

This is where the
gameplay logic that
determines a Blueprint
class’s behaviour during
gameplay appears.

J Add Controller Yaw Input

The Event Graph
contains events and
actions represented by
a node graph.

& @ &
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Blueprints — Context Menu

Clicked within the event graph, this
menu IS used to add nodes within.

All Actions for this Blueprint [ Context Sensitive

Select a Component to see available Events & Functions

Some of the nodes represented  Actor

. > Add Component
are. > Add Event

DAl

0 Android Permission
Variables > Animation

D Apple ARKit

> AR Augmented Reality

> Asset Data
Operators S R

D Asset Registry

b Audio

[ Automation
FunCtlonS D Canvas Render Target 2D

b Cinematics

b Class

D Collision

Eve ntS > Components
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Blueprints — Events

Events allow Blueprints to
perform a series of actions in
response to certain events
that occur within the game.

f Construction Scrip m= EventGraph

An example is the & Event BeginPlay f Print String
BeginPlay event, where it is »P-————»

. In Stri
triggered when the game ?E,{gg}ﬁﬂm;e]

starts for an Actor spawns Developtient Orly
within, which then triggers .
any other connected event or

function components.
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Blueprints — Events

Another example is the Tick event, where it is called every frame of the game.

For example, in a game that is running at 60 frames per second, the Tick event is called
60 times in a second.

© Event Tick

f | Print String
. ____/

- @ Counter True p —————— P

Delta Seconds @ . 4/ Condition False In Strina | Blast Off!
® . f g

v
Add pin +

/ P — (T ————
Counter @ =~ ———————————————————— | Print String
-3 D

In String
Counter @ %

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE




Blueprints — Events

.. . All Actions for this Blueprint % Context Sensitive
Collision events are triggered seah 0
when two Actors collide or overlap. v Add Event for Static Mesh

D Call Function on Static Mesh
D Actor
Event ActorBeginOverlap will Spam e
execute when two Actors start »Actor
. 4Collision
Overlappl ng . © Event ActorBeginOverlap

© Event ActorEndOverlap
© Event Hit

Event ActorEndOverlap will
execute when two Actors stop

ove rI ap pl n g . & Event ActorBeginOverlap e & Event Hit X

Other Actor My Comp

Other

Event Hit will execute if the

Other Comp
Simulation Generates Hit Events BEaaama el
property of one of the Actors in the
collision is set to “true”.
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Blueprints — Events

There are some events related to mouse
interaction with an Actor.

Event ActorBeginCursorOver is activated
when the mouse cursor moves over the Actor.

Event ActorEndCursorQOver is activated when
the mouse cursor moves off the Actor.

Event ActorOnClicked is activated when the
mouse clicks on the Actor.

Event ActorOnReleased is activated when the
mouse button is released and the mouse cursor
is still over the Actor.
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All Actions for this Blueprint % Context Sensitive

Select a Component to see available Events & Functions

D Actor
> Add Component
4Add Event
D Actor
D Collision
D Game
4Mouse Input
© Event Actor BeginCursorOver
© Event ActorEndCursorOver
© Event ActorOnClicked
O Event ActorOnReleased

All Actions for this Blueprint % Context Sensitive

Select a Component to see available Events & Functions

D Actor
D Add Component
4 Add Event
D Actor
D Collision
D Game
4 Mouse Input
© Event ActorBeginCursorOver
O Event ActorEndCursorOver
€ Event ActorOnClicked
O Event ActorOnReleased




Blueprints — Operators

Q
O Addpin +

(]
D Add pin 4
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O [0.0]add pin +




Blueprints - Functions

The Branch node directs the
flow of execution of a

Blueprint based on the value i Frint Streg
of the Boolean input e / In Sting [Congratulations |
“Condition”, which can be »—-»  Twd / CeyeGpmefCony
“true” or “false”. — Condition  False I \\ L

| 2

In String ﬁ; égiaiinrl

This works the same as an Py
if-else function within coding -
languages
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Blueprints - Functions

The ForLoop node performs
the set of actions that are
associated with the output

pin Loop Body for each Stventegriay O | (SRR it Sring
IndeX »P— » Loop Body P+ = P D

» First Index [ ] Index @ In String

» Last Index [10] Completed > > T Development Only
v

When the ForLoop node
completes its execution, the
output pin Complete is
triggered.
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Blueprints - Functions

A Sequence node can be
used to help organize other
Blueprint actions.

When triggered, it executes
all the nodes connected to
the output pins in sequential
order—that is, it executes all
the actions of pin “Then 0”,
then all the actions of pin
“Then 1”, and so on.

¥29 NANYANG TECHNOLOGICAL UNIVERSITY

B ————

£- Sequence
- P Then0

Then1 P J

Then2 D

Then3 D

Add pin <

SINGAPORE

_f Print String
3
/ In String | First ]

Development Only
v

\ f Print String

[
In String [ Third |

Deyelopment Only
v

_f Print String
P — >
In String | Second ]

Deyvelopment Only
v




& Event Tick

| | Print String

& Event BeginPlay L)
I I Delta Seconds O» S —— | J \ ©.C Branch
=P

L

In String True

DEV*?'UPT?”‘ Only Condition False B

Target Static Mesh Component

_f SetWorldLocation

i ThirdPersonCharacter [ f Get Distance To 15

Target Return Value @ &=—7m— f.' = Target Sweep Hit Result

Other Actor o

@ New Location

Sweep C]

Teleport (]

[ Random Float in Range
*~ Make Vector

Min @ ® Min Return Value @ T L | |
[ Return Value @

® Max =
J SetWorldLocation

O Z[3500 .
f Random Float in Range (D
Target Sweep Hit Result

® Min Return Value @
— @ New Location

®F Sweep O

Pressed p — Teleport ()
Released >

® Max

Target Root Component
Key

i ThirdPersonCharacter
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Blueprints

Affects features within Unreal Engine 4 such
as:

« Materials

« Geometry Animations & Interactions
o Al
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Materials
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Materials

e Constructed not through code, but
via a network of visual scripting
nodes (called Material
Expressions) within the Material
Editor.

e Each node contains a snippet
of HLSL code, designated to
perform a specific task. This
means that as you construct a
Material, you are creating HLSL
code through visual scripting.
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Materials Example 1

File Edit Asset Window Help

L B AR &/¢jH~ & = W W

Save Browse Apply Search = Home CleanUp [0 Live Nodes Live Update § 3 Mobile Stats

BaseColor_tint

..
\wmv
P
FoL -

Master_baseColor
a
ws

2 b
= 4
1 <

e
e

CEmissve Tt
mat Mastendaterial
P

WMaster Emissive

ws

o=ecs

9 Details

Y ©) [ © -

4 Physical Material

Phys Material

4 Material
Material Domain
Blend Mode
Decal Blend Mode
Shading Model DefaultLit  ~
EX stats
Two Sided

Use Material Attributes

Subsurface Profile

4 Translucency

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE



Materials Example

| 0.627,0.283,0.149 A
®

Lerp

Alpha
P, 0.2 02 v
1,0.61,0.415
® Lerp

\

v

/

Alpha
Texture Sample A
Multlply o
o Texture Sample A
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bt b bt
0.05,0.051 ¥

&

SubsurfaceCObr

Param ((

M_SubSurfaceColor
@ Base Color

O Metallic

O Specular

@ Roughness

O» Emissive Color

O Opacity
@ Normal

O World Position Offset

@ Subsurface Color

O Ambient Occlusion




Materials Example 3

.+ Perspective

0.361,0.521,0.915 &
[ I

————
Multiply ¥

TNewMate
O Base
Or Metalli
O Specul
O Rough
@ Emissi

4 Details
: | Add(] 1 v Or MNorma
Searc » O World

4 Material Expression Time
Ignore Pause .

4 Material Expression

Or Ambie
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Materials

Texture Sample
Uvs

(" WallBrickRed_01_Col_Mat
@ Base Color
O Metallic
@ Specular
O Roughness
VW O Emissive Color

Uvs

EE——— @ Normal
VertexNormalWws

24 O World Position Offset
@ World Displacement

________ O Tessellation Multiplier
Texture Sample A
“Multiply ¥

UVs ® ply

i O Ambient Occlusion
i Mulhpl’y Multiply ¥ Texture Sample /
o4 Uvs [ 3 O Pixel Depth Offset
51 Details

T ] o - /

4 Tessellation
D3D11Tessellation Mode &
Crack Free Displacement 2a)
Adaptive Tessellation

Max Displacement

4 Post Process Material B stats
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Geometry Animations & Interactions
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Examples
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Examples
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Examples
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Al
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Examples
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Examples

HeH
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Examples
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Appendix B: Legends

NANYANG TECHNOLOGICAL UNIVERSITY SINGAPORE



Blueprint Class Legend

Class Type Description

Actor An Actor is an object that can be placed or
spawned in the world.

Pawn A Pawn is an Actor that can be "possessed”
and receive input from a Controller.

Character A Character is a Pawn that includes the
ability to walk, run, jump, and more.

PlayerController A Player Controller is an Actor responsible
for controlling a Pawn used by the player.

Game Mode A Game Mode defines the game being
played, its rules, scoring, and other faces of
the game type.
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Appendix C: Materials Editor
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Materials Editor

HeH

9

|

- . I
AL R - | = ES

Viewport panel

Details panel
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Graph panel

Palette panel




It is the main colour of the surface
in a Material

Has no shadow or lighting detail.
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Base Colour
@ Base Color
@& Metallic
Or Specular
@ Roughness

O Emissive Color

O Normal
O World Position Offset

O Ambient Occlusion

O» Pixel Depth Offset




« Determines if the Material looks
like a metal.

o 0/ Dblack = not metallic

. 1/ white = fully metallic.

. Affects the reflective properties of
the surface.
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Base_Colour
@ Base Color
@& Metallic
Or Specular
@ Roughness

O Emissive Color

O Normal
O World Position Offset

O Ambient Occlusion

O» Pixel Depth Offset




Base Material Node

. Determines the overall reflectivity
of a surface

« 0 =does not reflect anything
. 1 = reflects everything

« Specular input does not affect
metallic Materials.
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Texture Sample A
&

MyMaterial
O Base Color
® Metallic
@ Specular
O Roughness

O Emissive Color

O Normal
O World Position Offset

O Ambient Occlusion

O Pixel Depth Offset




Base Material Node - Normal

Controls the direction in which light should react with a * MyMaterial

surface. O Base Color
O Metallic

Normal maps add high-definition surface detail and shape to O Specilr

a Material by modifying the underlying surface’s world
normal direction.

O Roughness

O Emissive Color

@ Normal

Texture Sample A "
P O World Position Offset

UVs ®

O Ambient Occlusion

O Pixel Depth Offset
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Master of Science in Business
Analytics — NTU (NBS)

« Data Analyst, Data Scientist & Business
Analyst, Al with Business Cases

 Fresh Graduate are Welcome
« Starting July 2020

1 Year FT or 2 Years PT (6 Core, 4
Electives and 2 Projects)

* Evenings and Saturday

http://www.nbs.ntu.edu.sg/Programmes/Graduate/MScBusinessAnalytics/Pages/home.aspx
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‘l Contact Detalls

Dr Teoh Telk Toe

Academic Director & Senior Lecturer
Nanyang Business School

ttteoh@ntu.edu.sg
WeChat: Teoh Teik Toe
WhatsApp: 65-97905202
HP 65-97905202
LinkedIn : www.linkedin.com/in/teik-toe-teoh-phd-cfa-acca-6216b715

NTU : http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST __
97905202
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mailto:ttteoh@ntu.edu.sg

Thank You
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