TAKING AUGMENTED REALITY
OUT OF THE LABORATORY
AND INTO THE REAL WORLD

DR CHRISTIAN SANDOR

|m
DIRECTOR: MAGIC VISION LAB MmACLLIL M YISIUN

VISITING ASSOCIATE PROFESSOR: TOHOKU UNIVERSITY (JAPANMN)
SENIOR LECTURER:

SCHOOL OF INFORMATION TECHNOLOGY & MATHEMATICAL SCIENCES
UNIVERSITY OF SOUTH AUSTRALIA






| G75-HNN15
5=205: TU Munich



1975-2005: TU Munich
104: Columbia University (7 months)




1975-2005: TU Munich
1004: Columbia University (7 months)




1975-2005: TU Munich
2004: Columbia University (7 months)
2005-2007: Canon Japan




1975-2005: TU Munich

2004: Columbia University (7 months)
05-2007: Canon Japan

2008: TU Graz (2 months)




1975-2005: TU Munich
10(04: Columbia University (7 months)
05-2007: Canon Japan
2008: TU Graz (2 months)
ince 2008: University of South Australia




1975-2005: TU Munich

1004: Columbia University (7 months)
1005-2007: Canon Japan

2008: TU Graz (2 months)

since 2008: University of South Australia
2012: Stuttgart University (6 months)




1975-2005: TU Munich
: M: Columbia University (7 months)
1005-2007: Canon Japan

108: TU Graz (2 months)
since 2008: University of South Australia
(12: Stuttgart University (6 months)
since 2013: Tohoku University

A =
LIE
[
| o

-



rnm:::l:c[ vISTION

Students Research Current Sponsors

4 PhD Augmented Reality (AR) w -
| Honours Human-Computer Interaction nviDiA™
3 Research Associates Haplics Previous Sponsors

3 Interns Visuahzation cﬁ.ﬂﬂfﬂ'll

NOKIA



AUGMENTED REALITY
EXAMPLE

Demo: Tracker by Gerhard Reitmayr (TU Graz, Austria), used in:

Arindam Dey, Graeme Jarvis, Christian Sandor, and Gerhard
Reitmayr. Tablet versus Phone: Depth Perception in Handheld
Augmented Reality. IEEE International Symposium on Mixed and
Augmented Reality, 2012, Best Paper Award Nominee







RECENT AR TRENDS
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CURRENT STATE OF AR:
LOW-LEVEL = SOLVED!

Essential technology: tracking

(where is the camera in the real world?)

ARToolkit |[Kato & Billinghurst, 1999]

Going Out [Reitmayr & Drummond, ISMAR 2006]

Parallel Tracking and Mapping tor Small AR
Workspaces [Klein & Murray, ISMAR 2007]

Panorama Tracker [Wagner & Mulloni et al., VR 2010]

KinectFusion |[Newcombe et al., ISMAR 2011]
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CURRENT STATE OF AR:
CHALLENGE = HIGH-LEVEL

1. Applications

Industrial Design (with Canon)

AR Browser (with Nokia, Samsung, Nvidia)
Astronautics (with DLR)

Medical (with Prof. Navab (TU Munich))

ames

Other industrial applications (training, maintenance,

planning, ...)

2. Huma n-L'mﬂ]:rutur Interaction

Human Perception of AR
Usability
Providing more versatile AR interfaces



OUR APPROACH

| | | Au gmﬂntud Eualit}?
Visualization:

“seeing the unseen”
IMcCormick, 1988]

Haptics: AR for the
sense of fouch

Visualization Haptics
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MOTIVATION

Problems with most AR browsers:

Pieces of isolated information instead of one integrated
visualization

Bad ergonomics
Small screen problem becomes even worse
Extremely limited visualizations

Challenging: occlusions, small field of view
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EDGE-BASED X-RAY Ben Avery, Christian Sandor,
Bruce Thomas.

VR 2009,



EDGE-BASED X-RAY:
LIMITATIONS
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SALIENCY X-RAY Sandor et al.
ISMAR 2010



SALIENCY X-RAY Sandor et al.
ISMAR 2010



CONCEPT:
SALIENCY-BASED X-RAY

Scene Foreground Scene Background

1. Saliency Map
Computation

2, Compaosition

¥




SALIENCY MAP
COMPUTATION
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Christian Sandor, Andrew Cunningham, and Mattila Ville-Veikko. Method and Apparatus for an
Augmented Reality X-Ray. US Palent application 12/785,170 (Filed 21 May 2010). Available
online at google patent search: hitp://goo.gl/ncVz]



COMPOSITION
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SPACE-DISTORTING VISUALIZATIONS
RADIAL DISTORTION
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SPACE-DISTORTING VISUALIZATIONS
RADIAL DISTORTION
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SPACE-DISTORTING VISUALIZATIONS
RADIAL DISTORTION




SPACE-DISTORTING VISUALIZATIONS
RADIAL DISTORTION
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Ray cues distort with the view, indicating the

amount of distortion occuring.



MACIC |t YISION

AR & Visualization
PrAmsun i

NOKILA nvIDIA.

AR & Haptics

Canoniz




-mAGCLIC |t YVISION

www.magicvisionlab.com

School of Advanced
Computer and Computing
Information Science | Research Centre

University of
South Australia




courtesy of




Visuo-Haptic Augmented
Reality Demo for TEDx

Team: Christian Sandor - Ulrich Eck
Quang Le - Peter Weir
Donald Urquhart
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NEXT ITERATION

ﬁ-‘# ] == Michael Csongei, Liem Hoang, Ulrich
e Eck, and Chrishan Sandor. ClonAR:

Rapid Redesign of Real-World Objects.

Poster in Proceedimgs of IEEE Internabional
Symipostim on NMixed and Augmenfed
Reality, pages 277-278, Atlanta, GA,
USA, November 2012. Best Poster

Runner “j!

Figure 3: The déleren Lighling componanis used in ow raymarcher. (&) difluse, (b} specular, [c) sof shadows, [d) amblent occlusion, and (8)
the fanal result.



OUR ISMAR 2011 BEST
DEMO AWARD

Collaboration with
Gerhard Reitmayr (TU Graz, Computer Vision)

Matt Swoboda (Sony London, Computer
Graphics)

We won against 40 other demos

Top labs: INRIA, Georgia Tech, TU Graz

lTop companies: Volkswagen, Sony, Nokia...
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EVALUATION

At ISMAR, we got very unexpected
feedback from users:

20% reported a heat sensation
5% reported smelling fire

Next: formal evaluation to validate this
effect | Weir, Sandor, et al. IEEE VR 2013]
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Computer
Vision




- Hand Reconstruction:
- Hand Mask Refinement




Hand Reconstruction:
Depth Map and Optical Flow







Input converted
to 3D Voxel Grid

3D Navier Stokes

Fluid Solver

L

Color Mapping and
Image Composition
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Realtime Raymarching for Mobile Augmented Reality

Graeme Jarvis® Christian Sandor’ Sean White!
Magie Vision Lab Magic Vision Lab Mokia Research Cenber
Linrsgr sty of South Aestrakia Linhegrsity of South Australia Moka




GLASS SPHERE WITH
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Global lllumination for Augmented Reality on Mobile Phones

Michael Csongei® Chrislian Sandor’ Yong Beom Lee!
Magc Vison Lak htagic Vision Lab Samsung Advanced Insitule of Technology
University of South Ausiralia Uriverssy ol South Ausiralia & BTSN

{h
abion for Augmeried Really scenes on mobile phones, by realtime pathiracing. (b.c) show
e referencs fendering crealed offine, and (nghl) & real .
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CONCLUSIONS:
SCIENTIFIC CONTRIBUTION

We have co-pioneered:

AR & Visualization | _
White, Feiner (Columbia University) Augm ented HEEI“’I}-

Kalkoten, Mendez, Schmalstieg (TU Graz)

AR & Haptics
Knorlemn, Harders (ETH Zunch)

Visualization Haptics




CONCLUSIONS:
FUTURE WORK

Full combination ==
Startrek’'s Holodeck, howeoer evervwhere

Augmented Reality

Y [Visualization Haptics

|Bau & Poupyrev, SIGGRAPH 2012]




MORE INFORMATION:
WWW.MAGICVISIONLAB.COM
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KEY POINTS FOR TAKING
AR INTO THE REAL WORLD

[racking: practically solved
Challenges
1. Apphecations

ndustrial Design (wiath Canon)

AL Browser {with Nokia, Samsung, Nvidia)

Astronautics {(with DLE)

Medical (wath Prot, Mavab (TU Munich))

Cames

Other mdustnal apphications {(braming, mamntenance, planmng. ...)

2. Human-Computer Interaction

Human Petception of AR
Usability
Providing more versatile AR interfaces

THANK You!



