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Rendering Engine
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VR Rendering Support

MAIN THREAD
10.6 DW: DOUBLE WIDE
RENDERING

RL: RENDER LOOP JOBS
(EXPERIMENTAL)

RENDER THREAD

143




VR Rendering Issue - Motion to Photon Latency E0|7|
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VR Rendering Issue — Head Pose2| Mismatch

Begin _ Predict d Predict l
frame @~ ° orientation =~ = orientation @ =
Time when the user
Render Render

could change direction

or speed oftheir head
movement

Refresh puts
content on

screen
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Solution - Timewarp

of = gf| & 7FZ 0| 13.3ms (75Hz Refresh rate)2t 1l 733 = O

3. finish renderding first eye,

1. Frame begins, fetch predicted head pose, Zwi”ﬁgés
update game state: start rendering second eye: _ _ pped,
t=0 t=5ms 5. SDK waits until new scene

just before buffer swap ~ displayed on Rift
LN
J: | / \
T ) T i

2. game state update ends, 4. finish renderding 6. SDK fetches predicted
feich predicted head pose, second eye, pose, starts distortion
start rendering first eye: pass eye renders to SDK: rendering:

t=1ms t=8ms t=12ms
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Asynchronous Timewarp
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AR/VR Work Flow
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Head Rotation Tracking T+¢1 2]
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Rotation Tracking2| O] - Gear VR
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Positional Tracking OlA] — Oculus Constellation Tracking (Outside-in Tracking &4])
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Positional Tracking G| A| - HTC ViveQ| Lighthouse Tracking (Inside-out Tracking &)
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Positional Tracking Gl A - Project Tango2| Motion Tracking

- (Marker-less) Inside-out position tracking
- Fisheye Camera + IMUZ O| &5l M S 7t &0IM 7| 7| 2] $IX| mH<}

Fish Eye Camera
RGB Camera (For Motion Tracking) Integrated Depth Sensing

NP
A,
Project Tango

Development Kit

POWERED BY
NVIDIA TEGRA
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Project Tango — Motion Tracking Demo



Positional Tracking G| A] - MS Hololens®] Position Tracking

Hand Tracking & 3D Reconstruction
Position Tracking

Depth Camera

Environment Understanding Cameras (471)

Ambient 2MP
Light Camera

Sensor
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Hololens System Architecture - HPU
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Recognition & Tracking (2D O|O|X| Q14] & )




Recognition & Tracking (2D O|O|X| QI 4])
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http://docs.opencv.org/master/d1/de0/tutorial_py_feature_homography.html

T-AR for Tango : 3D space recognition AR

AR Space, AR Zoo, AR Furniture - Google 1/0 2015 A 7|= HA|

- Google Project Tango?| 3D &7t 21X (Area Learning)2 8%t ARML X% 9
AR Browser 7%
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https://www.youtube.com/watch?v=o42wp5IoxvY

Recognition & Tracking (SZF ¢14)

AMERICAN MUSEUM
S NATURAL HISTORY

3D MODELS ILLUSTRATIONS
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Caudipteryx

(tap to position)
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DoHie VR HMD
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Server?|%t Rendering
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Server?|9t Rendering?| 0|4+ — Network Latency
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DHIY VR 7% Issues — (2) &2
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Your Gear VR needs to cool
down to maintain optimal
performance.

Tap to dismiss this notification.
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Samsung rink - BHFY VRO A L] Smart Interaction Al x

A2 rinkEleE 7|HVRE 2 M HE E2{E CcES20160| A A|¢3E O
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https://www.youtube.com/watch?v=dHrfMpH7Bf8
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https://www.youtube.com/watch?v=dHrfMpH7Bf8

D HIY VR 7 Issues — (4) Position Tracking

Daydream View

\

Gear VR
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7|0{VRE Position Tracking 7|s2 71Y &

Oculus CTO = 712 EHE 9| Tracking 2 7|2t 2ot
7| 0{vR Position Tracking 7| 5= 7i'& 0|2t 8¢ (2016. 5. 4)

ﬁ% John Carmack
LN @ID_AA_Carmack

All of the inside-out position tracking work being done at Oculus
is targeting dedicated cameras, not using the built in cell phone
camera.

11:26 PM - 4 May 2016
4« 364 €107

ﬁ% John Carmack
L\ SN @ID_AA_Carmack

In other words, don't expect general purpose position tracking to
show up as a software-update feature for existing GearVR
systems.

11:38 PM - 4 May 2016

4« 365 ©107
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VR Tracker - 7|{VRO| A 2] Position Tracking Al &

VR Tracker

World first Open Source Positional Tracker for VR

Explore C Get Developer Pack )

Compatible with every VR/AR headset in the World, such as:

" m Samsung GEAr v & oculus

Cardboard

http://julesthuillier.com/vrtracker/
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VR Tracker Demo
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Google Daydream (High-quality mobile VR &31&) & & - Google 1/0 2016

el

Daydream

Google’s platform for high-quality mobile VR
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Daydream t+’d 824 — Daydream-ready Smartphone
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Daydream 1+‘d 224 - VR Headsetl} Motion Controller

DayDream & Headsetl} Controller?| 24 S 2| & A C|X}Ql =7
3rd Party M| S & M & Headset U ZAEEZ M= 7t
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Daydream +/d 824 — Daydream Controller
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Daydream T8 84 - 7| ¢E 20| E 0S2| VR £| X3}
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Daydream 718 84— 7|& AppE VR UIE i &

(11 Tube|

RESONANCE: A Jump VR Gorillas in the Congo: A
Video Jump VR Video

Great White Sharks 360 Video 4K!! - Close encounter...
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Project Tango
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o2t

= DayDream View

Head Tracking

DayDream-ready Phonei|

AL X2 MM 3He
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QtEZO0|E VR N
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x| & &} o) Android NF:E| VR Z| &2} 7|5 F7}
HE ul Oculus Home | & & ul 7} (Android N)
HEED Gamepad Motion Controller
Position . . Project Tango2|
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Tracking Position Tracking =7} 0Il 5 Motion Tracking &2
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T realO|2F?
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T real - SK Telecom AR/VR Platform
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T-Real Platform
Authoring Tool Visual Recognition Stereo Rendering
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T real (&T-AR) : ARML X%} 3! AR Browser

1. Mobile0j|A| O|0|X|& st
2. S|}t o|O|X| 2|0 Video, Audio, 3D, HTML5E
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T real : Interactive AR VAR

AR Rocket
ARML 2.0 7|4t 2 £A 4= AR
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AR ContentsE 44 7=

JavascriptE Sl User Interaction X| &




T real for HMD : Stereoscopic Rendering for Cardboard support
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https://www.youtube.com/watch?v=kY_pYSH7nyE

T real for VR : ARMLOJ|A| VR K|

Virtual T.um - 7Hg SKT T.um HA[ 2 NI €
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https://www.youtube.com/watch?v=hJcsTiJPUW0

T real for Gear VR : Oculus Mobile SDK Support

AR City
. Gear VR 0 /= 3}

D~

St T-AR Platform

. E4 ImageS H|EH, EA7t M¥ElE 552

T real for Gear VR



https://www.youtube.com/watch?v=Fb5m8tQ3klY

T-AR for Tango : 3D space recognition AR

AR Space, AR Zoo, AR Furniture - Google 1/0 2015 A 7|= HA|

- Google Project Tango?| 3D &7t 21X (Area Learning)2 8%t ARML X% 9
AR Browser 7%

SKE*'Eili

ZENSA L2M
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22 1/0 201501 27K
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https://www.youtube.com/watch?v=o42wp5IoxvY

Remote AR/VR : Collaborative AR/VR

Remote AR ¥Z €7l

- fHc 2 FA|Q| i o|2Xl0| 2HXIQ| 3D H|O|E{E ARE EHA ¥Xlo| 7}t
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https://www.youtube.com/watch?v=2tS5GXn9TFY

Natural UX : Gesture Recognision

- AKX 7|9ke] ZI2HH User Interface2 AR/VR 21 X9] Al
- Projection UX, Depth Sensor?| %} Table Touch 7|5 ¥

. HMDZE 9|8t Air Gesture Q1A 7|5 7=




T real for Seamless AR/VR

AL X0 AZHo|Lt A H|A ALIE2| 20| XA AR/VR BEE SeamlessStA| 2t
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https://www.youtube.com/watch?v=WL_Vcs2WYwo

EV(Electric Vehicle) AR Visualizer
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https://www.youtube.com/watch?v=wGpnlY_PkuE
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