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HUMAN VISUAL SYSTEM

Simultaneously Visible Dynamic Range

5 orders of magnitude

3 orders of mag. |

starlight moonlight S es— 0 G

Real World Luminance Range (14 orders of magnitude)

* Vast dynamic range available to human viewers

» Conventional displays deliver only a tiny fraction of it (today more than in 2000)



VIEWER PREFERENCES
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Seetzen, H., Li, H., Ye, L., Heidrich, W., Whitehead, L. and Ward, G. (2006), 25.3: Observations of Luminance, Contrast and Amplitude Resolution of Displays. SID Symposium
Digest of Technical Papers, 37: 1229-1233. doi: 10.1889/1.2433199


http://142.103.6.5/~heidrich/Papers/SID.06.pdf

A CLASSIC HDR SCENE

- Luminance levels In excess
of 3,000 candela/m2

- Dark regions of <0.1
candela/m2

- Greater than 8 bit image
depth in source data




CONVENTION DISPLAYS

Source Image in Image as Displayed on
False Colour Map Conventional Display




HDR DISPLAYS

Source Image in Image on HDR
False Colour Map Display

Patrick Ledda, Alan Chalmers, Tom Troscianko, and Helge Seetzen. 2005. Evaluation of tone mapping operators using a High Dynamic Range display. ACM Trans. Graph. 24, 3
(July 2005), 640-648. DOI=10.1145/1073204.1073242 http://doi.acm.org/10.1145/1073204.1073242



DEFINING DYNAMIC RANGE

DEVICE CONTRAST
PEAK LUMINANCE
AMPLITUDE RESOLUTON
RESPONSE CURVE

v

BBBBBB

v

v Vv

JND

v

EASY TO QUOTE BY STORES .|
FOCUS ON PERCEPTUALLY USEFUL

v

ACHIEVABLE JND (SIMILAR TO “% NTSC” FOR
GAMUT)

» INCLUDE AMBIENT ILLUMINATION

Ward, Greg, "Defining Dynamic Range," Proceedings of the 2008 Society of Information Display Symposium, May 2008.

v



http://www.anyhere.com/gward/papers/DefDynRngSID08.pdf

4w

TANDEMLAUNCH

EARLY DAYS OF HDR
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RADIANCE & .HDR

» RADIANCE IN 1985-1994

RENDERING
» .HDR (RGBE) & Log-Luv TII

wvith RADIANCE

Ward, G., "The RADIANCE Lighting Simulation and Rendering System," Computer Graphics, July 1994.
Larson, G.W., "LoglLuv encoding for full-gamut, high-dynamic range images," Journal of Graphics Tools, 3(1):15-31 1998.



http://radsite.lbl.gov/radiance/papers/sg94.1/paper.html
http://www.anyhere.com/gward/papers/jgtpap1.pdf
http://www.anyhere.com/gward/papers/jgtpap1.pdf
http://www.anyhere.com/gward/papers/jgtpap1.pdf
http://www.anyhere.com/gward/papers/jgtpap1.pdf
http://www.anyhere.com/gward/papers/jgtpap1.pdf
http://www.anyhere.com/gward/papers/jgtpap1.pdf
http://www.anyhere.com/gward/papers/jgtpap1.pdf

SPHERES & MOVIES

» GLOBAL ILLUMINATION ,
» UNCANNY VALLEY IN SIGHT



LIGHTING EVALUATION

Physical Test Room Configuration at NRC Lighting Quality Group

STANDARD OFFICE LUMINAIRE IS ~10-20X BRIGHTER
THAN ANY COMMERCIAL DISPLAY ON THE PLANET

STANDARD OFFICES/HOMES HAVE DYNAMIC
RANGES EXCEEDING COMMERCIAL DISPLAYS BY
OVER 100X

uy r newsnd Rz SV IDES] GN El-LIKE.]

Proceedings of the ARCC/EAAE Conference on Architectural Research, pages 1-9, May 2



http://nparc.cisti-icist.nrc-cnrc.gc.ca/npsi/ctrl?action=rtdoc&an=20378839

BUILDING HDR DEVICES

GH LUMINANCE (>5X CONVENTIONAL)
. HIGH CONTRAST (>100X CONVENTIONAL) = =
GH AMPLITUDE RESOLUTION (>14-BIT) |

- DEPLOYMENT IN CURRENT ﬂiz
ENVIRONMENT

- CONSUMER AFFORDABLE FOR MASS

MARKET
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THE SPARKING MIX

OPTICS | ALGORITHMS HDR VENTURE
TOLERANCE



THE BASIC IDEA

Helge Seetzen, Lorne Whitehead, Greg Ward, "High Dynamic Range Display Using Low and High Resolution Modulators," The Society for Information Display
International Symposium, May 2003.



http://www.anyhere.com/gward/papers/sid03.pdf

BASIC DUAL MODULATION DESIGN

» MONOCHROME
PROJECTOR

» CONVENTIONAL LCD
» COLLIMATING OPTICS

» BASIC CORRECTION

Damberg, G., Seetzen, H., Ward, G., Heidrich, W. and Whitehead, L. (2007), 3.2: High Dynamic Range Projection Systems. SID Symposium Digest of Technical Papers, 38: 4-7.
doi: 10.1889/1.2785211



BASIC DUAL MODULATION DESIGN

Projector
Target

Light Field
ILFS




COMMERCIAL RECEPTION

WHAT WE SOLD WHAT WE SHIPPED...
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THE BASIC IDEA 2.0

Seetzen, Helge, W. Heidrich, W. Stuezlinger, G. Ward, L. Whitehead, M. Trentacoste, A. Ghosh, A. Vorozcovs, "High Dynamic Range Display Systems," ACM Trans. Graph.
(special issue SIGGRAPH 2004), August 2004.



http://www.anyhere.com/gward/papers/Siggraph04.pdf

THE FIRST LOCAL DIMMING
DISPLAY

» 3,000cd/m? PEAK LUMINANCE
» “INFINITE” CONTRAST (~20,000:1 9PT ANSI)
» ~2,000 INDIVIDUAL HAND-SOLDERED LED



LOCAL DIMMING ALGORITHM

Veiling Luminance

Light Field

ILFS

s

Ry (lep)




LOCAL DIMMING

bit-tech.
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EXIT STRATEGY

Professional Consumer
* Movie Theatres VD Producers
Large Scale/ Consumer
Public Media
Fil Prudcts
‘;‘m Distribution e Producs Media
Trademurks Trademarks
s comt |, [oua| [J][DOLBY]" [rume] . [ comme
Stadus Creation Services Ticenms Playback
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STUFF THAT WAS HARD THEN (BUT EASY NOW)
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LED CONTROL & ASSEMBLY

NO DRIVERS FOR HB LED
HIGH FAILURE RATE

NO WAVE SOLDERING
VERY HIGH CURRENTS
NO EFFECTIVE BINNING

v v vV VvV v




POWER & THERMAL MANAGEMENT

» 2,200W PEAK LOAD

» ~400A POWER SYSTEM (5V
LED)

» LIQUID COOLING
» THERMAL STRAIN ON OPTICS

» MENTAL STRAIN ON USER...
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LED PSF MANAGEMENT

:I 9 "Giood" Light

TAN

"Bad" Light due
ta Parallax

A Ballestad, T Wan, H Li, H Seetzen “Metrics for Local-Dimming Artifacts in High-Dynamic-Range LCDs-Local-dimming LCDs exhibit qualities and artifacts that cannot be
captured by common ...”, in Information Display 2007



INTERNAL COLOR MANAGEMENT

National Ceographic Best of Wildlife
Collector’s Edition Vol 1l

7 National Ceographic Eest of Wildlife
Collector's Edition Vol. 1l

Helge Seetzen ; Samy Makki ; Henry Ip ; Thomas Wan ; Vincent Kwong ; Greg Ward ; Wolfgang Heidrich ; Lorne Whitehead; Self-calibrating wide color gamut high dynamic
range display. Proc. SPIE 6492, Human Vision and Electronic Imaging XlI, 64920Z (February 12, 2007); doi:10.1117/12.720875.



https://www.cs.ubc.ca/~heidrich/Papers/EI.07.pdf
https://www.cs.ubc.ca/~heidrich/Papers/EI.07.pdf
https://www.cs.ubc.ca/~heidrich/Papers/EI.07.pdf
https://www.cs.ubc.ca/~heidrich/Papers/EI.07.pdf

EXTERNAL COLOR MANAGEMENT

v

GAMUT EXPANSION (“WIDTH”)
GAMUT EXPANSION (“HEIGHT)

v

3D GAMUT STANDARD
NEEDED

» NO CLEAR OBJECTIVE
CHOICES

v

» WILL BE FOUGHT ENTIRELY IN
POLITICAL ARENA
(STANDARDS)
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BEYOND LOCAL DIMMING LED TV

TCF Silicon TFT
\ Source Drain
Gate

'

f InGaN \ Dielectric
n-GaN
LED Substrate
A
Projector
Element
(|
Screen
Image
Element

N

Maodulated
Reflectance
Screan

A
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HDR ENCODING

NUMBER OF BITS PER PIXEL
o Minimize bits without sacrificing perceptual quality

COLOR GAMUT COVERAGE
o Perceptually uniform CIE (u’,v’) and future-proof gamut

DYNAMIC RANGE MAGNITUDE

o Real world about 14 orders of magnitude
o |nstantaneous human vision about 4-5 orders of magnitude
o Min-Max needs to be a meaningful range for human vision

LUMINANCE QUANTIZATION STEP SIZE

> 1% is about threshold of human perception



HDR TRANSMISSION

» GOOD COMPRESSION (DESPITE LOW REDUNDANCY)

» BACKWARD COMPATIBILITY (EXCEPT IN SPECIALIZED
OFFERINGS)

» FULL LUMINANCE AND COLOUR RANGE (IF POSSIBLE)

HDR Cantent H
Color Grading for onten .
//7 HDR \ - /,7 LOR Displays
Ei '::"::a_‘ /,-/7

Postproduction HDR MPEG e
et
\\A Color Grading for /-7 \
OVD / HD-DVD

LDR (tone mapping) :'_biitk?\;r:é?;;m atible) :
CG Rendering ' P ! HDR Displays

» BUSINESS ELEMENTS WILL INFLUENCE THIS AREA

Ward, Greg, andSJ’GNLEJ‘G‘ANﬂELAY&ckwards-CompatibIe, High Dynamic Range Extension to JPEG," Proceedings of the Thirteenth Color Imaging Conference,
November 2005.

Ward, Greg, "A General Approach to Backwards-Compatible Delivery of High Dynamic Range Images and Video," Proceedings of the Fourteenth Color Imaging Conference,
November 2006.

Ward, Greg, Maryann Simmons, "Subband Encoding of High Dynamic Range Imagery," First Symposium on Applied Perception in Graphics and Visualization (APGV), August
2004.



http://www.anyhere.com/gward/papers/cic05.pdf
http://www.anyhere.com/gward/papers/cic05.pdf
http://www.anyhere.com/gward/papers/cic05.pdf
http://www.anyhere.com/gward/papers/cic05.pdf
http://www.anyhere.com/gward/papers/cic05.pdf
http://www.anyhere.com/gward/papers/cic06.pdf
http://www.anyhere.com/gward/papers/cic06.pdf
http://www.anyhere.com/gward/papers/cic06.pdf
http://www.anyhere.com/gward/papers/apgv04/index.html
http://www.anyhere.com/gward/papers/apgv04/index.html
http://www.anyhere.com/gward/papers/apgv04/index.html

SMART IMAGE MANAGEMENT

Forward
Display model

. Inverse
I — Display model
——

» LOW LUMINANCE CONDITIONS
» HIGH LUMINANCE CONDITIONS
» ENVIRONMENTAL CONSIDERATION (INCL. MOBILE)

» LDR/MDR/HDR TRANSITIONS

REPLACING TRADITIONAL FIXED-POINT
SOLUTIONS

Rempel, Allan G., M. Trentacoste, H. Seetzen, D. Young, W. Heidrich, L. Whitehead, G. Ward, "Ldr2Hdr: On-the-fly Reverse Tone Mapping of Legacy Video and
Photographs," ACM Trans. Graph. (special issue SIGGRAPH 2007), August 2007.

Trentacoste, Matthew, W. Heidrich, L. Whitehead, H. Seetzen, G. Ward, "Photometric Image Processing for High Dynamic Range Displays," Journal of Visual Communication
and Image Representation, Special Issue on High Dynamic Range Imaging, 2007.

v



http://www.cs.ubc.ca/labs/imager/tr/2007/Rempel_Ldr2Hdr/
http://www.cs.ubc.ca/labs/imager/tr/2007/Rempel_Ldr2Hdr/
http://www.cs.ubc.ca/labs/imager/tr/2007/Rempel_Ldr2Hdr/
http://www.cs.ubc.ca/labs/imager/tr/2007/Rempel_Ldr2Hdr/
http://www.cs.ubc.ca/labs/imager/tr/2007/Rempel_Ldr2Hdr/
http://www.cs.ubc.ca/labs/imager/tr/2007/Rempel_Ldr2Hdr/
http://www.cs.ubc.ca/~mmt/Papers/MscThesis.pdf
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