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Where We Are Today
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http://www.youtube.com/watch?v=oT0oNvQzyNc
http://www.youtube.com/watch?v=pZyreuH8Ubk&t=22
http://www.youtube.com/watch?v=usZq1hfDPg8&t=9
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http://www.youtube.com/watch?v=v4YMQRwsNr8
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http://www.youtube.com/watch?v=dsyO9XQknQM
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Meaningful Social Play



http://www.youtube.com/watch?v=0F5XJs9SBPw
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Small team,
mostly engineers,
rapid prototypers.

Sit between
hardware/perception
and the SDK group.

What is the Lab?

@@@!@

Knowledge Share

Documentation &
Best Practices

Pre-SDK API
iteration

Feature guidance
and exploration

First Turn On
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Environment &

Augmented Objects /
Camera Parent
Spawn Vines (Stretch to Extents)
Floor
Table -> Dropship
Spawn Grass on Horizontal Planes
Spawn Clff on Vertical Planes
Surface -> Chomper
Surface -> Ellen

Providers

000000

Placement Options
Data Visualizers
Query Viewer e
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http://www.youtube.com/watch?v=C3swZ2OghOA



http://www.youtube.com/watch?v=uPjvp4WYHKc
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https://docs.google.com/file/d/1EeIkOERQNTDJrDSt8Uha63m0whXkpRmr/preview
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Challenges of AR
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VROC

The Unknown Real World
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VROC

Rules, Constraints,
Conditions, Fallbacks
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Responsive Design

2T g
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Reality is Complex

e Challenges
e Layout consistency
e With Other Virtual Content
e With the Physical Environment
e Handling Several Application in the same space
e Handling Several Users in the same space
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FLARE

e Use Declarative Rules

e Constraining Elements
Properties using Cost
Functions

e Solve as a constraint
satisfaction problem
e Solution’s quality
depends on allocated
cycles
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Race Track
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http://www.youtube.com/watch?v=_DVH9BZeFSY&t=48

Race Track
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Graceful Adaitation
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http://www.youtube.com/watch?v=_DVH9BZeFSY&t=186
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The “"generic” AR rules pipeline

e Sensing - depth, RGB, IR, motion, acceleration, audio, lighting, etc.

Analysis

e Room structure, Hole filling, Detection and Classification.
e More semantic information leads to more intelligent layouts.

Layout the experience in the current environment
Apply the Experience’s logic

Continue sensing and responding to environmental events

e Allowing for Graceful Adaptation
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VROC

Machine Learning
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VROC

User Input & Intent
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VROC

Going Procedural
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VROC

Tools & Workflows
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Simulation
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http://www.youtube.com/watch?v=X3JgziESt1k
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http://www.youtube.com/watch?v=K9OZk2GPP-c

In Experience Debugging
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http://www.youtube.com/watch?v=QD_5FCSu__c

VROC

XR Ecosystem
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Many Moving Targets

A Name v | €@ Surfaces + € HitTests + € Meshi... © Markers © Relocaliz... © CameraPose ~ €) Faces ~ € ControllerTr.. ~ € 3D Markers ~ & Object Reco... © Light Estima... ~ €) Eye Tracking ~ @ Body Tracking ~ € Hand Tracki... €© HandPose  ~ € Object Seg...
ARKit @ @ Yes @ Partial @

ARCore Partial @ Yes @ Partial

Tango (defunct) @ Yes @

Hololens @ Yes @

Magic Leap  Ves L ves Yes L ves  ves D

6d.ai [ e

HTC Vive Pro D Yes [ ves

Windows MR Yes [ ves

Mirage Solo Yes @

HTC Vive Yes (" ves

Oculus Quest Yes @

Oculus Rift Yes @

Oculus Go @

Vuforia Yes @

Placenote (" ves

Selerio
ULsee @

Visage @

Google Mobile Vision Partial

Apple Vision Partial

Wrnch.ai @

Leap Motion @

OpenCV Partial @ Partial

dlib
Resonal @
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VROC

Other Applications
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Other Applications

Grandpa's Camera

y X Resnntion 2461
-— Aparture: Fid 90
Tokyo Subway : N,

Oste: 20120092 204876
Camera: E0O5 DIGITAL REBEL X5

Aquarium Silhouettes

Comera: EOS DWGITAL REBEL X5
Date 2012019220457
Shutter: 12995

Apertre Fl4 09
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Other Applications
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Much more to uncover

eLayers of apps, content, styles
osPermissions
ePrivacy & Ethics
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VROC

Thank You!

Time for Questions?
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Additional Slides
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Contour and Surface Completion
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Contour and Surface Comiletion

Example 1: Living Room

Room after completion

\RCH 18-19, 2019 | #GDC19


http://www.youtube.com/watch?v=uDSzZKTY4p0&t=8

Layout Design for AR Applications

* A designer specifies the layout of the application

: Elements Predefined Routines:
« 3D Object - * Distance/Angles
« Type, Orientation, Scale. ) f:\ ; Sfe ;r;:ttrv HEERSECRan
* Frustum * Inside/Outside Frustum
* QOrientation, Field ofview, » Material Properties (Color, Texture)

Relative Positioning

Clipping Planes.
0 a<b

cost(a < b) = {(a —b) a>b

* Rules
» Algebraic notation
« Alibrary of predefined routines
* Comparison and Boolean operators.
* cost(OR( a,b))=min(cost(a), cost(b)),
» cost{ AND(a, b)) = cost(a) + cost(b).

VRDC MARCH 18-19, 2019 | #GDC19

cost(s) := Z Wi - ri(Si)
i




// ‘F’ is the user’s frustum.

Screenl:=Object3 ( [28 18 10], VERTICAL, OptPos ); // A screen on the wall

// 4 media objects.

01:=Object3 ( [10 10 18], HORIZONTAL, OptPos );
02:=0Object3 ( [10 10 10], HORIZONTAL, OptPos );
03:«0Object3 ( [10 10 10], HORIZONTAL, OptPos );
O4:=0bject3 ( [10 10 10], HORIZONTAL, OptPos );

Assert ( LocalZ ( FloorFrame.Frame, Screenl.Frame.Position ) < 58 );
// be too high above the floor

// Bring Screenl to the center of view (as much as possible)

// Prevent the hanged screen to

Assert ( Dot ( Normalize(Screenl.Frame.Position-F.Frame.Position), F.Frame.Axis3) = 1 );

// Screenl IS inside the frustum
Assert ( Inside ( F, Screenl.Frame.Position) );

// Screenl is not occluded from the point of view of the user,
Assert ( visible ( F.Frame.Position, Screenl.Frame.Position) = @ );

// The 4 media objects are INSIDE the frustum.
Assert ( Inside ( F, Ol.Frame.Position) );
Assert ( Inside ( F, O2.Frame.Position) );

Assert ( Inside ( F, O3.Frame.Position) );
Assert ( Inside ( F, O4.Frame.Position) );

// They are all visible to the user.

Assert ( Visible ( F.Frame.Position, Ol.Frame.Position) = 0 );
Assert ( Visible ( F.Frame.Position, O2.Frame.Position) = @ );
Assert ( Visible ( F.Frame.Position, O3.Frame.Position) = @ );
Assert ( Visible ( F.Frame.Position, O4.Frame.Position) = @ );

// Limits to the distance of media objects from the user.

Assert ( Distance (F.Frame.Position, Ol.Frame.Position) > 50 &&

Distance (F.Frame.Position, Ol.Frame.Position) < 458

);

// Make all the objects lie at the same distance from the user.

// (The user position is represented by the frustum ‘F’.

Assert ( Distance ( F.Frame.Position, Ol.Frame.Position) =
Distance ( F.Frame.Position, 02.Frame.Position)

);

Assert (
Distance (F.Frame.Position, Ol1.Frame.Position) =
Distance (F.Frame.Position, 03.Frame.Position)

s —

—

-
-
- —

MARCH 18-19, 2019 | #GDC19




