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REAL VIRTUAL

ENVIRONMENT MIXED REALITY (MR) ENVIRONMENT

Tangible User Augmented Augmented Virtual
Interfaces (TUI) Reality (AR) Virtuality (AV) Reality (VR)
ATUI uses real physical objects AR 'adds' computer-generated AV 'adds' real information to a VR refers to completely computer-generated
to both represent and interact with information to the real world computer-generated environment environments (Ni, Schmidt, Staadt,
computer-generated information (Azuma, et al. 2001). (Regenbrecht, et al. 2004). Livingston, Ball, & May, 2006; Burdea &
(Ishii & Ullmer, 2001). Coffet 2003)
Projection . i i . " . _— . 4
Augmented Spatial AR See-through' AR (either optical or video) Semi-immersive VR Immersive VR
models (PA Spatial AR displays project A user wears a head-mounted display, through which A semi-immersive VR display Immersive VR, which uses either a head-
model)area | computer-generated information they can see the real world with computer-generated fills a limited area of a user’s mounted-display or a projection-based
type of Spatial | directly into a user’s environment information superimposed on top (Cakmakci, Ha & field-of-view. system, completely fills the user's field-of-
AR display, and (Bimber & Raskar, 2005). Rolland, 2005; Billinghurst, Grasset & Looser, 2005). view.
are closely
related to TUIs

Using physical objects to create a virtual The 'Bubble Cosmos' — 'Emerging See-through AR: the butterfly is computer-generated, and Semi-immersive VR using the Barco Projection-based immersive VR.
model (Ichida, Itoh, & Kitamur, 2004). As Technology' at SIGGRAPH'06. The everything else is real (Fischer, Bartz & Straf3er, 2006; Kolsch, Baron workbench (Drettakis, Roussou, The users are fully immersed in the
a user adds a physical 'ActiveCube' to the paths of the smoke-filled bubbles Bane, Hollerer, & Turk, 2006). Tsingos, Reche & Gallo, 2004). 'CAVE' (FakeSpace, 2006; Cruz-
construction, the equivalent virtual model are tracked, and an image is Neira, Sandin & DeFanti, 1993).

is automatically updated. projected into them as they rise.
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visibility

Q Social Computing Platforms
O Video Telepresence

Basic Web Services
Behavioral Economics

Public Virtual Worlds O
| Location-Aware Applications
Service-Oriented
Business Applications
Virtual Assistants Electronic Paper
RFID (Case/Pallet) Wikis
Social Network Analysis
Context Delivery Architecture Idea Management
inti e Bloggi
Erasable Paper Printing Systems Corporate Blogging As of July 2008
Peak of
Technology Trough of . Plateau of
Trigger Exmns Disillusionment Slope of Enlightenment Productivity
time =
Years to mainstream adoption: beoleta

Olessthan2years O 2to5years @ 5to10years A morethan 10years & before plateau
Source: Gartner (July 2008)

Conversational User Interfaces

Data Broker Paa$ (dbrPaaS)
Neuromoephic Hardware

General-Purpose Machine Intelligence 4~
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expectations SOpitive Sapert Advisors
Connecled Home 8 Losmn
ﬂ Bhckitiakn Software-Defined Security
Robots Autonomous Vehicles
| mmnmm Nanotube Electronics
Gesture Control Devices Q Software-Defined Anything {SDx)
| IoT Platform
Commercial UAVs (Drones)
ective ting
Smart Data Discovery

Virtual Personal Assistants
Brain-Computer Interface

Q Natural-Language Question Answering

Volumetric Displays @ Enterprise Taxonomy and Ontology Management
Smart Workspace

Personal Analytics
Quantum Computing

Virtual Real

Context Brokering
| 802.11ax

Augmented Reality |

4D Printing
[
Smart Dust 2
As of July 2016
Innovation K of Trough of Plateau of
Inflated Slope of Enlightenment
Trigger Expectations Disillusionment pe 9 Productivity
time v
Years to mainstream adoption: obsolete

Olessthan2years O 2toS5years @ 5to10years A morethan 10 years & before plateau

Source: Gartner (Riy 2016)
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VR vs. AR * VR : Replaces Reality

— Immersive Display

What's Diff.?

* AR : Enhances Reality
— See-through Display
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Why AR?
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VR & AR

+ %'E Informational Dimension

What for?

+ 51t Spatial Dimension

+ Al Zt Temporal Dimension
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8th floor

VR & AR

Guide/Navigation Past/Current

I* E Artworks of Mac Funamizu Artworks of Mac Funamizu

Somoru g e
written by Cicero in 45 BC

“S6d ut perspiciatis u
roptaten Soosaaniuns ot oo

PAASYr, UL BECTHE W
RIS plossure rationally mﬂ?
e extremaly painful,

Healthcare Wikipedia and Dictionary

Artworks of Mac Funamizu Artworks of Mac Funamizu

Ti ey EELIT CNT

kmilh . COUSe
& L X

Speeding
104" Km/h

AccuVein

3.8m

Augmented Driving



Project Beyond, Samsung

Microsoft’s Illumiroom
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VR & AR

Expanded corning vision, Corning
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VR & AR

+ %'E Informational Dimension

What for?

+ 51t Spatial Dimension

+ Al Zt Temporal Dimension
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Display

VR & AR

Contents

Interaction

Technologies

Visually Aware
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VR & AR Lo

Technologies |
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Desktop Laptop Smartphone
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Samsung's AR Vision Includes
Smart Contact Lenses

By Richard Adhikari = Print
Apr 12, 2016 10:57 AM PT =4 Email

Samsung has been granted a patent for a smart contact lens, according to
news reports published last week.

The lens is equipped with a tiny display, a camera, an

| antenna, and several sensors that detect movement and
eye blinks. Eye blinks would provide the input, and a
smartphone would be needed to process the images.

A user blinks to take pictures or interact with data
displayed on the smart contact lens. Sensors pick up the
blinks and relay the commands they indicate to the user's smartphone for

Nokia Future Technology processing. The results are sent back to the lens almost immediately.

Same circuits apparently will be visible in the lens, but they are at its edge.

The patent was filed September 2014 and was approved last week by the
South Korean Intellectual Property Office.


http://graphics.cs.columbia.edu/projects/mars/mars.html
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VR & AR Doy

Head-Mounted Display
(Coated in white markers)

Technologies
- Display

(amera
(Tracks markers to record user’s head
position)

Cir(uifﬁ

Screen

(m T

o

” Lefteyé I « ‘nigbg,éye D

Diopter Adjustment
Lenses ~~(Rotate to fine tune so eyeglasse
hree pairs are provided s aren’t needed)
to accommodate_good,
moderate, and heavy nea
rsightedness)

Foam Padding
(Fits to face)



http://video.wired.com/watch/how-oculus-solved-virtual-reality
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Technologies
- Display

« Display
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Oculus Rift

Carl Zeiss Cinemizer

Silicon Micro Display STI080

Sony HMI-T2

640x800 Resolution

870x500 Resolution

-1920x1080 Resolution

[280x720 Resolution

90° Horizontal FOV

30° Horizontal FOV

39° Horizontal FOV

45° Horizontal FOV

[3.4 Ounces

4.2 Ounces

6.3 Ounces

[1.6 Ounces

1" Diagonal Display

0.39" Diagonal Display

0.74" Diagonal Display

0.7" Diagonal Display

Liquid Crystal Display

Organic Light-Emitting Diode

Liquid Crystal on Silicon

Organic Light-Emitting Diode

$300

$749

$799

$894

2016 Oculus Rift : 2260x1200, goHz, FOV 110 °

2016 HTCVive :2160x1200, 9oHz, FOV 110 °
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-Contenfts

| 2013, Chenetal.,

¥ 3-sweep,
9 Tsinghua Univ.
L Tel Aviv Univ.

3-Sweep: Extracting Editable
Objects from a Single Photo

Submit to SIGGRAPH ASIA 2013

paperiD: 0088

(This video contains voice)

SIGGRAPH ASIA 2013
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« Contents

— Image based modeling

2007, Hengel & Torr et al,
VideoTrace,

Univ. of Adelaide,
Oxford Univ

L

Video Trace, SIGGRAP

2015, Kim et al.,

3D Modeling from Photos
Given Topological Information,
KIST
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VR & AR « Contents

— [mage based modeling

Bundler, SIM, PMVS, -

Technologies

-Contenfts

2015, Kim et al.,

KIST
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VR & AR « Contents

— Depth Camera based modeling

Technologies

-Contenfts

Holoportation (Microsoft 2016)
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VR & AR « Contents

— Depth Camera based modeling

Technologies

-Contenfts
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—  Depth camera

&
Canonical Model Reconstruction
Clo virtual fashion Univ. of Washington

Technologies

-Contenfts

Softkinetic

— Lightfield camera

Optical Focal Plane

Virtual
Focal Plane
ﬁ (81)
1l
Main { I

Lens

(82)
u
y e
I 1= —
B 1 x
Microlenses t X _{ !
Photosensor e W |
Light Fleld Sensor ‘“3\
s to a micio-lens anay

(a)

Figure 3.2: Overview of processing the recorded light field.

Source: https://www.lytro.com/renng-thesis.pdf

https://pictures.lytro.com/ Source: http
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VR & AR « Contents

— Realistic rendering

Technologies

-Contenfts

nireality

N,
Www. fraps.com \ \

S

(e) Final Clustered feature points

Livetal. IEEE VR 2012

(b) Lighted Areas (c) Planar Surfaces (d) Color Clustering
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Technologies

-Inferaction

Real-time 3D Devices

Parallax and

Sensitive to object texture,
occlusions, translucency.

Stereo Cameras

Leap Motion (2013)

Structured Light
Cameras

Kinect 360 (2009)

Time of Flight
Cameras

Kinect One (2013)

Correspondence Matching
but projects active pattern,
so texture not an issue.

Relies on Optoelectronic
delays and does not
require parallax.

Correspondence Matching:

Gesture

Film, Minority Report

MIT Color Glove (SIGGRAPH 2009)

Can you see me?

-

Film, Ironmanz

Leap motion 2016

Ke
Science

K‘ST

tute of

orea Institute
and Technolo

9y



VR & AR * Device

Technologies

-Inferaction

Nintendo Wii, 2005 Sony Playstation Move, 2009 Microsoft Kinect, 2010

sliding contactor
bars on four
sides of handle

Cyber Glove |l Cyber Touch Cvber Grasp

input and motion
tracking via integrated
Razer Hydra

Oculus Touch, 2015 Reactive Grip
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VR & AR e (Other Device

Technologies

-Inferaction

— { cvBeriTH
Virtuix Omni Cyberith Virtualizer

FEELREAL, Odor Generator Metaio Thermal Touch, 2014
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VR & AR « Deep Learning 7|¥F ZHA]| Q1A

Technologies =
‘. Resize image.

- ViSllﬂlly Aware AR, 4 2. Run convolutfional network.

3. Non-max suppression.
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VR & AR  Tracking

— Single camera, Stereo Camera, Depth Camera, Hybrid -

Technologies
-Visvally Aware

Path length (m: 7.0

Pasition 'm--0.04, 281, -0.068

Dist. to origin im: 2.8 [4L7 % of pathl
Status:3

Google
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VR & AR  Tracking@VR

O Positional Tracking

Technologies

-Visvally Aware




VR & AR  Tracking@VR

Technologies

-Visvally Aware

Z

X

tracking frustum

]
e an '.]<, ST

Positional Tracking
External camera, pointed at user
80° x 64° FOV

~2.5m range
~0.05mm @ 1.5m

~19ms latency
— Only 2ms of that is vision processin,
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VR & AR  Tracking@VR

D Eye Tracking

1 2 A S

retllllalﬂgles 1st Generation A 2nd Generation 3rd Generation

VIEW IN VIRTUAL REALITY CONTROL VIRTUAL REALITY ENGAGE WITH VIRTUAL REALITY
360 degree view Hand tracking and motion Fove's eyetracking ability enables
head tracking control emotional connections

-Visvally Aware

PASSIVE ACTIVE INTERACTIVE




VR & AR  Tracking@VR

O Eye Tracking

@ Rendering speed improvement by Foveated
Rendering

Technologies

-Visvally Aware

pong. Gomg Home - Trever ez, *
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VR & AR  Emotional & Behavior Analysis

Te(/][]alagieg Virtual human and multimodal perception for healthcare support

-Visvally Aware

MultiSense SimSensei

= - =
2 N WAS

4 AN BACKWARDS e l-—

ps — = —
t Eye Close ' Ny o | =~

‘ S n’m'/

Gaze At on

™ STeTw
| ¥ . f %
- a - L) )

Gender: FEMALE, 31
Anger =
Disgust ==

Fear L]
Happiness n—
Sadness ¥
Surprise ®

SimSensei, USCICT 2011~




Korea Institute of .'
ience and Technology

VR & AR + Visually Aware

Technologies

-Visvally Aware
-Applications

Line Camera

STOP ) RESET ‘
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VR & AR + Visually Aware

Technologies

-Visvally Aware
-Applications

Colar, HITlab NZ

Disney Research



VR & AR

Technologies

-Visvally Aware
-Applications

Content creation pipeline

Visually Aware

. a
3-D object
UV-mapped

Island map I
in UV space

Projected
drawing
in drawing space

Creation of seam and

orientation maps —

e
Initialisation of UV lookup
map with areas visible in
the projected drawing

= — Camera
. * image

“ i live from tablet

Image h Template
processing selection

orient. map O
seam map ¥

i Surface
tracking

i

Filling of L , the parts of the
UV lookup map L not visible
in projected drawing

Initialization Relaxation

UV lookup
map L

f

Texture K AR mesh

creation rendering

T

Disney Research

K‘ST
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Augmented
colored mesh




Korea Institute of .'
Science and Technology

VR & AR  Microsoft Hololens

Technologies
-Applications
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VR & AR  Microsoft Hololens

HoloLens Hardware Specifications

o Windows 10.0.11802.1033
Technologies os 2.
-Applications Intel Atom x5-Z8100

1.04 GHz
CPU Intel Airmont (14nm)

4 Logical Processors

2 depth cameras  Nose cancelling 64-bit capable

microphone GPU/HPU HoloLens Graphics

RGB camera

GPU Vendor ID 8086h (Intel)
Dedicated Video 114 MB
Memory
Shared System 980 MB
Memory
RAM 2GB
Storage 64GB (54.09 GB available)
App Memory
Usage Limit 200MB
Projector
J 2 Left Battery 16,500 mWh
adjuster o
Tilt mechanism Headphone P Camera Photos 2.4 MP (2048x1152)
- - - on
PrOJectlon prsm P Camera Video 11 MP (1408x792)

Nosepads Switchable glass
Video Speed 30 FPS


http://amanz.net/201612330/microsoft-hololens-specs-revealed-intel-atom-with-2gb-ram-and-64gb-storage-thrums-within/
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VR & AR  Microsoft Hololens

Technologies
-Applications




VR & AR

Market

$3,000 140 Scence ot

119
$2,500 120
100
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40
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2010 2011 2012 2013 2014 2015
Capital Invested (SM) e Deal Count
™ &= & VR/AR Deal Flow and & At = H
300 i
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100 Y
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1992 1995 1998 2001 2004 2007 2010 2013 2016 2019

VR, AR Jlz2 &&4d 0

J

TOD 2016, http://tod.kisti.re.kr
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AR+VR

2"d Eye, 6t Sense
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Q&A

Things

Email : driay@kist.re kr
http://www.imrc.kist.re.kr/~Kkij
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