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Historic Sites
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Watermuseum Aquarius Mulheim, 2007

Senckenbergmuseum Frankfurt, 2006
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Immersive Visualization
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Vehicles
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Superimposing Paintings...

Bimber et al, IEEE Multimedia, 2005
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...and Holograms

London Museum of Natural History, 2005
Bimber et al, IEEE Computer 2005 :

stereo
camera

i
%
* «=illuminafion

te projector

R



Deutsche

@ augmented rorschungsgemeinschatt. 1D " @l Bauhaus-Universitat

[erweit nQréa'uLh' y DFG Weimar

Architectural Visualization
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3D Games
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Inverting the Light- Transport
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Inverting the Light- Transport

light-transport matrix (T)

shadows,
caustics

light-transport matrix (T)

refractions
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Inverting the Light- Transport

light-transport matrix (T)

C=Tp =y p=T-"C

shadows,
caustics

light-transport matrix (T)

/ :
4

pseudo-inverse (T*)

refractions

Wetzstein and Bimber,
Pacific Graphics 2007
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Inverting the Light- Transport

Wetzstein and Bimber,
Pacific Graphics 2007

C=Tp =—p p=T"TC

shadows,
caustics

light-transport matrix (T)

light-transport matrix (T)
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Inverting the Light- Transport

—_ _T_1 ) Wetzstein and Bimber,

C_Tp — p_ C % « Pacific Graphics 2007
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Inverting the Light- Transport

Wetzstein and Bimber,
Pacific Graphics 2007

shadows,
caustics

light-transport matrix (T)

light-transport matrix (T)
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Inverting the Light- Transport

Wetzstein and Bimber,
Pacific Graphics 2007

shadows,
caustics

light-transport matrix (T)

light-transport matrix (T)

/
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Considering Human Visual Perception

surface

static radiometric real-time adaptive
compensation manually radiometric
optimized for bright scenes compensation
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Geometric Registration

without correction

radiometric compensation
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Geometric Registration

without correction

misaligned projection
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

Binary image exposure period
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

Binary image exposure period
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

Binary image exposure period
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

mirror on
Binary image exposure period

192

|

128

Colorvalue (red)

Ny
=

1 ms
Red projection timeslice
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Imperceptible Online Calibration

Colorvalue (red)

192

128

mirror on

Binary image exposure period

1 ms
Red projection timeslice

.
|
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Cotting et al., ISMAR 2004 (spatial coding)
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Imperceptible Online Calibration

Colorvalue (red)

192

128

mirror on

Binary image exposure period

.
|

Cotting et al., ISMAR 2004 (spatial coding)

1 ms
Red projection timeslice
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

mirror on
Binary image exposure period = binary 1
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Red projection timeslice
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

mirror on
Binary image exposure period = binary 1

.
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Colorvalue (red)

Ny
=

1 ms
Red projection timeslice
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

mirror on
Binary image exposure period = binary 1
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Imperceptible Online Calibration

Cotting et al., ISMAR 2004 (spatial coding)

mirror on
Binary image exposure period = binary 1
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Imperceptible Online Calibration

Raskar et al, Siggraph’98
(temporal coding of binary information)
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Imperceptible Online Calibration




O augmented Bauhaus-Universitat
el SAY Weimar

Imperceptible Online Calibration

eye motion
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Imperceptible Online Calibration
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Imperceptible Online Calibration
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Adaptive Temporal Coded Projection

Grundhofer, Seeger, Hantsch,
Bimber, ISMAR’07

deriving local coding
contrast from contrast
sensitivity parameters
(local spatial Fand L)
in code and display
Images

0

Delta & WO L .~ Blending
(% of & 1 2 ey c WL PP 4 Steps
intensity) L e g B (frames)
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Adaptive Temporal Coded Projection

Zollmann and Bimber, Eurographics 2007

binary points flat image binary Gray code phase shifted cosine
(quick geometry) (reflectance) (surface discontinuities) (precise geometry)
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Adaptive Temporal Coded Projection

Zollmann and Bimber, Eurographics 2007

projection
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Radiometric Compensation

redinred greeninred blueinred

® | ocal reflectance parameters of
surface are measured with camera
under structured projection as part
of the calibration process

Nayar et al, ProCams,

RR VRG VRB 2003

Yoshida et al, VSMM, 2003
(3x4 color mixing matrix)

V =

(per pixel)

w
2
N
Q

~
2

Grossberg et al, CVPR,
2004

color mixing

® Different basic methods exist for
compensation: considering color
mixing between camera and
projector, multiple projectors, or
real-time correction via closed
feedback loop

o Some methods conS|der

.+ 1 F M

fort }‘ -Ya' /1 a - ° P A% a2 A T Y N AR T, LY
- CN "" “*’ C *" " T, U " Ot Soina b dot Sl anpbaaits
ST N AL L SERY. 3 Tt .

:-"-:' e oo [ .
s f,'f""-}?t-f' — | 41,.,. Bimber et al, IEEE

Computer 2005

multiple projectors

*
X Fujii et al, CVPR,

\ 2005

real-time
P 3

R=M/M,*(E;*M,+V,*1))
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Adaptive Radiometric Compensation

® Consider human visual perception - __
(eg. local contrast perception) "I I I I

.32‘“ %“W‘
& &\‘ﬁ- Q‘ A

(b) original image (c) uncompensated result
‘ = = -

® Adapt parameters for radiometric
compensation spatially (different
image regions) and temporally (for
each frame)

input image compensation w/o adaptation

® Achieve much better results than
static techniques

(d) compensation image  (e) compensated result

=4 ] . !
uncompensated image adapted compensation image

Wang, ProCams 2005 Ashdown et al, ProCams, 2006

o Req u i Fe m (@) Fe P roc es S i ng (only gray scale) (only static)

Grundhéfer and Bimber, IEEE TVCG
2008 (color and realtime)

apply global

g
T
b=y L
EmE g™ and local
" adjustments
apply

f radiometric

* up-sampling

_g_g.&

contrast calculate elevation factor contrast

i map from smoothened i
e SRl P

compensation

AR . g
static  adapted

analysis SUESR

Oliver Bimber 30
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Specular and Global Effects

Xl el at 4
"' s }]‘_.

Specular highights and shadows
can be compensated with
multiple projectors (highlights
are view dependent!)

specular highlights

Scattering can be compensated
in real-time through reverse

USER’s VIEW

IMAGE 2 IMAGE 1

S~

PROJECTOR2 \ “~o_ |
N S

S1p,

gy
D2p
Dlp,

i
PROJECTION SURFACE

PROJECTOR 1

Bauhaus-Universitat
Weimar

Park et al, PCM, 2005

radiosity techniques

In theory, all measurable
light modulations can be
compensated by measuring

Bimber et al, IEEE VR 2006

<< \?

—

related:

Seitz et al., ICCV
2005

Bimber et al.,
IEEE VR + Tech
Rep. BUW, 2006
Mukaigawa et
al., VRST 2006
Habe et al,
ProCams 2007

and inverting the light normal

compensated

erreflections

corrected scattering
- and color bleeding
i S IRV ettt (S et B Y s B b 3

3 St S s
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Multi-Focal Projection
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Multi-Focal Projection
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Multi-Focal Projection

® Multiple projectors with
overlapping images and
different focal planes

® Structured light and camera
feedback delivers relative
defocus of all pixels of each
projector

® Projector-individual pixel

contribution and blending is
computed based on defocus | <
bl ««- Rk AP T R A A L R e Bk i ;--fq""",.-

e T A S BT ) AR e T Rt B T o Bt ’
angt » - | K [ f D1l AW e | 2 T
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Multi-Focal Projection

® Multiple projectors with
overlapping images and
different focal planes

® Structured light and camera
feedback delivers relative
defocus of all pixels of each
projector

® Projector-individual pixel
contribution and blending is
computed based on defocus| <X

752'(?-' AR ‘-‘.l- S SRk : &5 Al Al -’;.:f, R i e h‘. e Pk je ':ﬁ" ko
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Multi-Focal Projection

® Multiple projectors with
overlapping images and
different focal planes

® Structured light and camera
feedback delivers relative
defocus of all pixels of each
projector

® Projector-individual pixel
contribution and blending is
computed based on defocus | <

. AR P A AL AL M Y e s N e L TR
Rl et P A PR A T =R N vy LT L ‘)’«,ﬂ_,‘- " Y

SRR A P e
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Inverse Filtering / Deconvolution

Defocus as a convolution:

_1_ -

1 ﬂ _>n

image kernel / aperture result
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Inverse Filtering / Deconvolution

Defocus as a convolution:

_1_ -

1 @ _>a

image kernel / aperture result
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Inverse Filtering / Deconvolution

® Estimating blur scales / point
spread function

Brown, M. S., Song. P., and
Cham. T.-J.

2006. Image Pre-
Conditioning for Out-of-
Focus Projector Blur,

In Proc. of IEEE
Conference of CVPR, vol.
I, 1956-1963.

[ ;\\N\\‘\

® using test pattern /
structured light

® comparing blurred original
with camera-captured
original

original

® C(Calculating compensation images
for each scale

compensation

® division in frequency domain

o

o My » A - A o 0 o » wdle
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(e) Zoomed (a) () Zoomed (c) (g) Zoomed (d)
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Ringing Artifacts
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Ringing Artifacts

< division by possibly very small values!
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Ringing Artifacts

< division by possibly very small values!




@ augmented Bauhaus-Universitat
[emeitgtgréa'nla‘]' y Weimar

Ringing Artifacts

i

Ks <«—— division by possibly very small values!
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Coded Aperture Projection
LipeE  e—

imber, EDT/IPT 2008

| ,fJ;‘r | LCD.-!::ﬁane Is

/ 1
‘ ’ i 3

= — P ——

see talk on WEdne§7day, ’:45Pm in 406AB Grosse and Bimber, EDT/IPT 2008

Oliver Bimber
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Coded vs. Spherical Apertures

dBimber, EDT/IPT 2008
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Limitations and Solutions

® Current technical limitations:
resolution, contrast/dynamic range,
speed

® These are mainly limitations for
projectors (not so much for cameras)

® Approaches to solve them: super-
resolution projection, high-dynamic
range projection, high-speed
projection

T Super—resolutlon smgle prolector

% Sl e | pralih e Ol ey DTS B 4 T e ISR L S 0
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Limitations and Soluions

® Current technical limitations:
resolution, contrast/dynamic range,
speed

® These are mainly limitations for
projectors (not so much for cameras)

® Approaches to solve them: super-
resolution projection, high-dynamic
range projection, high-speed

projection
® Super-resolution: single projector oy Toas e
(wobbulatlon) or multlpe pro]ectors - M.
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Limitations and Solutlons

Current technical limitations:
resolution, contrast/dynamic range,
speed

These are mainly limitations for
projectors (not so much for cameras)

Approaches to solve them: super-
resolution projection, high-dynamic
range projection, high-speed
projection

L . b , . ° 3 s . Sk . Ly
SISO [ - re< 11T 2 ol - ~-Yai N S e v S e R R MR R e e
>3 SEEeh PCI=ICSOIULIOII. Sl &. 1C )| R et i il e gl S S sl i s Sl s PTG
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Limitations and Solutions

® Current technical limitations:
resolution, contrast/dynamic range,
speed

® These are mainly limitations for
projectors (not so much for cameras)

® Approaches to solve them: super-
resolution projection, high-dynamic
range projection, high-speed
projection

Image modulated in Image modulated in
chrominance luminance

(low resolution) (high resolution)

Output image

® Super-resolution: single projector :
(wobbulation) or multipe projectors N

ﬁeld Iens field lens objective

D modu atl N !m

LCD panel
™~
condensing lens @
shaping lens % light source -
':’% | projection lens -
! color wheel N B
.?‘:-—-’:‘:-:-:—::-:}-:-:-.'-_:_'-_:_:_:_’-_'-_'-_'-_’-_'-_'-_‘—_’- - *—'-;'{4-'_- PR .
mirror DMD Chip < -
DLP projector > |
screen

macro Iens

e

) et al., SID, 2007

h et al., SPIE, 2005

- screen
observer

observer
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speed

® These are mainly limitations for
projectors (not so much for cameras)

Fuijii et al, CVPR, 2005

® Approaches to solve them: super-
resolution projection, high-dynamic
range projection, high-speed
projection

® Super-resolution: single projector

.5\;."\ P aree, U W b S Pl I B J el e TR e A y ,‘I' Wi . e (BN  :‘-'}':-‘\« o e X o Yo i s AL N e I el e d )
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Limitations and Solutions

® Current technical limitations:
resolution, contrast/dynamic range,a
speed 4

® These are mainly limitations for f
projectors (not so much for cameras)

® Approaches to solve them: super-
resolution projection, high-dynamic
range projection, high-speed
projection

® Super-resolution: single projector
(wobbulation) or multipe projectors

DMD Discovery Board, Courtesy: Texas Instruments

® HDR: modulating image path or

McDowall et al., EDT’05, Takei et al., IROS’07

the object

illumination path on a transmissive 3000 Ha hape messremenc i racing of 008 st s B

(LCD) or reflective (DLP/LCoS) basis

® High-Speed: fast DMDs and GLVs are
very promising - this will allow fast
transmisstion of data between
projector and camera
Oliver Bimber 42

Full-HD (1920x1080 pixels) )

60Hz Progressive Scannin: ‘
Lens e nnng

Grating Light Valve
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Beyond Projecting Images

\ W) By L7



@ augmented Bauhaus-Universitat
le rwetgrte e’ljah Weimar

High Dynamic Range Vlsuallzatlon

® Medical images/displays

® negative film / X-ray film / laser film: 103-10*1 (1,000-10,000: 1), light box: 2,000 cd/m?
(currently still highest image quality)

® medical monitors: 700-1,000:1, 700-1,000 cd/m? (support dynamic visualizations)
® paper prints: <100:I, <100 cd/m? (no diagnostics image quality)
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DIGITALSYSTEME

Superimposing Dynamic Range
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Superimposing Dynamic Range

spatially equal
environment light
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Superimposing Dynamic Range

spatially varying
projected light
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Superimposing Dynamic Range

spatially varying
projected light

8 bit
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Superimposing Dynamic Range

spatially varying
projected light

8 bit

calibrate
with camera
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thanks to National Cancer Institute, NClI
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Geometric Registration

~ “misregistered
* -
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Geometric Registration
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Photometrlc Callbratlon
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8 bit inverse transfer function as LUT (raw)

8 bit RGB transfer function as LUT
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Interactive Dlsplays

projector + electronic paper display
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Chrominance

projector projector
+ photographic print on white screen
+0 f-stops
photographic print

under environment light
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Digital Video Composition

® Most important issues

® keying of opaque foreground
objects via difference keying (eg., —
chromakeying or luma keying

® keying of transparent foreground | \
objects (eg., environment matting) \

® camera tracking for perspective
effects

® special composition effects (eg.,
occlusion, shadows, refraction,
reflection, etc.)
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Digital Video Composition

® Most important issues

® keying of opaque foreground
objects via difference keying (eg.,
chromakeying or luma keying

1

® |keying of transparent foreground
objects (eg., environment matting)

® camera tracking for perspective
effects

® special composition effects (eg.,
- occlusion, shadows, refraction,
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ILMENAU

VirtualStudio2Go

" SDI
M syncronization

M projection
illumination
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ILMENAU

VirtualStudio2Go

" SDI

M syncronization

M projection
illumination
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ILMENAU

VirtualStudio2Go

" SDI

M syncronization

M projection
illumination
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ILMENAU

VirtualStudio2Go

" SDI

M syncronization

M projection
illumination

220020208
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ILMENAU

VirtualStudio2Go

[ SDI

M syncronization

M projection
illumination

220002808
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[ SDI

M syncronization

M projection
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ircualStudio2Go

ation
—

[ SDI

M syncronization

M projection
illumination




Q augmented -@ S DY 7 “ Bauhaus-Universitit
[emeu[n?rs!l”]' y DFG TECHNISCHE UNIVERSITAT Weimar

ILMENAU

irtualStudio2Go

high-speed LED illumination synchronized HD camera high-speed LED illumination

)

[900]

[ SDI

M syncronization

M projection
illumination
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ILMENAU

Scene Reconstruction and Tracking...
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...Keying and Environment Matting...

refraction, no highlights

uv-ramp
of p-frame
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ILMENAU

...Modertor Information...

moderator
Vi ew tracking features in u channel
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ILMENAU

...Modertor Information...

moderator
Vi ew tracking features in u channel

visible hints l

| for moderator
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...In Real Environments

A
i-frame . : composnte environment light 27 qu

projector light 437 lux

background surfaces

environment light

black background

dark environment

i-frame

projector: 437 Lux

I encoded colors i

y . | for keying 't,_
e é | and tracking 8

‘reasing environment light
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