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This work only uses these...
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Head-Mounted Displays (HMDs)
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OST-HMD in science fiction
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Spatial consistency of OST-HMDs
Not consistent

Virtual




For accurate spatial calibration

O World to Eye
O OST-HMD to Eye
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Eye and HMD calibration




Manual method

8/37

user interaction required

= sPAAM

& Single Point Active
Alignment Method

[Tuceryan '00] [Genc '02]




SPAAM (Manual Calibration) video
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Eye and HMD calibration
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Eye and HMD are dynamic




12/37

Eye and HMD are dynamic
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Automated method [interaction-free
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Dividing the eye-HMD system

1. HMD model

2. Eye position

e



Summary of our 3 talks

1. Better
HMD model

3. Formal 0
User study
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Summary of our 3 talks

3. Formal
User study
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An ideal eye-HMD system

Combiner
(a half mirror)

O

Eye

Environment

Image source
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The real world is CR UKL

Dedicated
optics

Medium
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Distorted ray
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Eye

Image source









View-dependent distortions




View-dependent distortions
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What do we need to correct?

O Non-linear distrtion




Calibration of Head-Up Displays

[Wientapper et al., ISMAR'13]

O Learn Non-linear 2D warping,
as a function of view points

O Ad-hoc image undistortion,
& does not handle physmal model

A camera-based calibration for automotive augmented reality head-up-displays
F Wientapper, H Wuest, P Rojtberg... ISMAR 2013 - ieeexplore.ieee.org



http://ieeexplore.ieee.org/xpls/abs_all.jsp?arnumber=6671779
https://scholar.google.com/citations?user=h0eMAw8AAAAJ&hl=ja&oi=sra
https://scholar.google.com/citations?user=iYT87BQAAAAJ&hl=ja&oi=sra

Light field

‘Q\PB L oo

- 7o

Vb et s sV ah st antah

VO ‘\,"‘" VYA AN AN AN At AN &Y

?é {( // //44'.' BV EVAN aNMaNaNavan
:%”"J‘//‘u/wwnvlcqu

- ey a™ e A LNt e

”;/5///'///'1". SV ST AW AN a4 ey oy
| ST %//@J/'///ﬁ/ﬁ’/""' A Z%a2aMasWsMaNae an

J ﬁgj 1;.,#'-1/ .;uf'( e e

/wd"

f A% NaW aNataNutran

499

g ;. | o
é/// y‘///f'””’ A v Y At A%t an

Marc Levoy, http://graphics.stanford.edu/projects/lightfield/
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Light field as Lumigraph corteretal. s

An optical ray = a 4D vector (s,t,u,v)

O

u-v plane s-tplane

The lumigraph

SJ Gortler, R Grzeszczuk, R Szeliski... - Proceedings of the 23rd ..., 1996 - dl.acm.org



http://dl.acm.org/citation.cfm?id=237200
https://scholar.google.com/citations?user=Q5mjo5IAAAAJ&hl=ja&oi=sra
https://scholar.google.com/citations?user=SkbvqqgAAAAJ&hl=ja&oi=sra
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Learn optical rays
Distorted ray
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Learn optical rays
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earn optical rays
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earn optical rays
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Light field (4D-to-4D) mapping

Non-liner regression (¥)
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(*) Gaussian Kernel Least Squares Regression
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Experiment setup
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(HMD: nVisor ST60, Camera: iDS and Delock)
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Learned distortion maps

Single view point Many view points

L 1A NI ANER
/Am;l PU—V S-T wﬁ?j’é ﬁ%ﬁ M ..'_"%:}j\l"‘{% gﬁé :‘\\}E%
Original

) f jLF) P
\\\Mré [ \\K{ZI% l o S E l’?g%!i:{/ E@’% -“_“fé;‘f%ﬁ,{-_f‘ S 1},“%:‘“’:‘?!}?— @ ‘W%
2 ‘ @ 550 800 SR
&i\‘ f | I
L

e % & o= - . 20 ST
'.-..‘!._..II

tan
50 T | o0 .}N\:“:.l::_‘,'f: N Sl =8

W TR Bk || Zs

g

o

%
i

g

e
f
4

114

7
&

550 800

450 400

Sl . -
Zziﬁsﬁ;‘%wlg % &%* la || 38

650 700 750 o 500 1000 | 650 700 750 O 500 1000 | 650 700 750 O 500 1000 | €50 700 750 O 500 1000

UV-plane ST-plane

Estimated non-linear maps for new view points

200 )T T Y Ui AT V7 N Th s e FVIA A TAI [ 5S ¥ sy’
\\\mu\ aab:j \me\ /e # 'C-\\a \

300 3, & L < -“‘ta‘x\:\
Y 2 & o e ‘\a:\\
400 B e
e

500

600 [

700 |

800 F

900

0 800 1000 0 200 400 600 800 1000 0 200



34/37

Evaluation via
a camera-based SPAAM

Collect ground truth 2D-3D correspondences
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Visualization of calibrated points

Example:
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SPAAM calibratlon error
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Summary

% Modeling lens distortion caused
> @Ne® by OST-HMD

% % Providing distortion correction as
a 4D-4D light-field mapping

i/ ===/ Demonstrating our method
' improves accuracy and reduces
«=_| Systematic error
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-based SPAAM

10N Via user
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Evaluation via user-based SPAAM
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Additional data
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Optical ray definition
Original 4 We learn this

Not this
® @
Virtual
Screen
Optical
@ Element
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(Future) work

O Fundamentals

e Optical + Image distortion (under review)

e Visual consistency (underreview)

e Temporal consistency

O Applications
e Vision enhancement (AH'15 best paper)
e Real-time calibration
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Consistency issues in OST-HMDs

Temporal

-

[Zheng '14]

Don't be a Glasshole

Visual

| M |
i
[Kiyokawa '01] [Liu ‘08]

Spatial

Lines colored

in the virtual crosshair are

matched with the real lines

drawn on the front of the crate
Figure 3.21: Conceptual diagram of FOV calibration

[Azuma "95]

[Lee '09]

[Tuceryan '00] [Genc '02]




If we have an ultimate OST-HMD

O Vision Enhancement

e Augmented Human 2015
best paper
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Defocus correction via OST-HMDs

Eye aberration

(defocus)
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“Eye-HMD"” camera modeling
O Is really a pinhole camera?

e Human eyes are not simple

O

e HMD screens are not planer oweno4]

Image by Soerfm
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Color reproduction

O Optical See-Through

HMD (OST-HMD) distorts digital color
while rendering

O For visually consistent AR experiences,
we want to undistort this effect

O We assume opagque OST-HMDs
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Light field collection
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