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Bigger & brighter

More resolution

Higher refresh rates

3D




A Increased role of
peripheral vision

A Higher sensitivity
to flickering

A Lower acuity for
high eccentricity

Panasoni c



A More pixels to render
A SHD =2 x HD
A People move closer

A Higher angular and
pixel velocity

A More perceived  blur
due to smooth pursuit
eye motion

AR




A 120 Hz displays (3D stereo applications)
A LCD displays for gamers: ~ Samsung , & (~ $300)
A DMD projectors:  DepthQ , & (> $2000)




Standard stereo Backwardcompatible stereo



A More powerful, multi  -core

A More than 50 fps not unusual

A For uncontrolled #fps  judder effect
A Advanced per -pixel shaders costly

Super -resolution
[Yang et al. EGSR 2008]

Shader decomposition and caching
[ Sitthi -Amorn et al., Siggraph Asia 2008]




A More fps help in blur and flicker reduction

A Adding extra frames in time domain easy

ATV makers do this using relatively imprecise optical
flow computation (100Hz and 200Hz TV sets)

A In rendering motion flow simulation cheap and precise
A New opportunities in the design of sharpening filters

A Take into account perception, image content and
display characteristics for rendered frame
enhancement

A So far rendering & enhancement usually separate
steps

A Through super -resolution algorithms spatial resolution can
be extended

A Many people in graphics tried this




A Temporal integration of signal performed by HVS to improve
the signal to noise ratio

A Integration duration up to 120ms

A Temporal summation faster for low spatial frequencies

o . A Temporal frequency responses

A Band -pass: Fast visual channels
tuned to low spatial and high
temporal frequencies (  transient
response) 1 motion detection

1{:}—1 -

MNormalized response

A Low-pass: Slow visual channels
tuned to high spatial and low

o2 T U temporal frequencies (  sustained
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Winkler, Video Quality Metrics, Wiley 2005




A Low sensitivity of HVS to temporal change of high spatial
frequencies and high sensitivity to low spatial frequencies

Y high spatial frequencies can be sampled in temporal
domain more sparsely

20!

Contrast sensitivity

0.2

'—‘
L=

Spatial frequency (cpd)




A Critical Flicker Frequency (CFF)

A Increases with display
brightness

A The Ferry -Porter law:

CFF © adbg(luminance +b

A For bright adaptation conditions
and patterns of wide spatial
extent the highest flicker
sensitivity at the periphery

A Otherwise, the highest flicker
sensitivity at the fovea
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Fig. 11. Temporal Contrast Sensitivity Function (TSF) for various adapting
fields. Kelly's data from Hart Jr, W. M., The temporal responsiveness of

vision. In: Moses, R. A. and Hart, W. M. (ed) Adler’s Physiology of the eye,
Clinical Application. St. Louis: The C. V. Mosby Company, 1987.
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Fusion frequency vs. temporal contrast & pattern spatial extent
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A Enables to maintain the object of interest in the fovea
A Blur due to object motion is eliminated
A Eye tracking experiment [Laird et al. 2006]

A Almost perfect tracking for steady linear motion with
velocities of 0.625 1 7 deg/s

A Still possible up to 80 deg/s
A SPEM initialization very fast

A Good tracking possible in 100ms after switching gaze
between objects moving in different directions

A Other fixational eye movements during SPEM: tremors,
drifts, and microsaccades similar to static fixations

A Compensated by HVS contribute little to blur
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A Repeating the previous frame while the eye is smoothly
tracking moving object

A Most noticeable for camera pans, scrolling text, and so on

A 8Hz difference between rendered and displayed frames the
most critical, I.e. 42 fps on 50 Hz display

A 3:2 pulldown judder: Converting 24Hz film material to 60Hz

24 Hz Film frame=

s | B

®OoH S BEOHz Yideo frames

http://msdn.microsoft.com/en-us/windows/hardware/gg463407.aspx




A Sharp edges suffer blurring during motion

A Perceived blur increases with velocity

A Blurred edges appear sharper [Westerink&Teunissen 1994]

A Apparent sharpening increases with velocity

A Shortly shown blurred edge (7 -40ms) appears sharper than
the same edge shown for a longer time

A Higher contrast looks sharper

A Adding noise to texture may increase apparent sharpness
| Fairchild and Johnson 2000, 2005]




Sharpness —=

J. Westerink, K. Teunissen,
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Perceived sharpness in complex moving images, Displays 1994



http://www.sciencedirect.com/science?_ob=RedirectURL&_method=outwardLink&_partnerName=27983&_origin=article&_zone=art_page&_linkType=scopusAuthorDocuments&_targetURL=http://www.scopus.com/scopus/inward/author.url?partnerID=10&rel=3.0.0&sortField=cited&sortOrder=asc&author=Westerink, Joyce H.D.M&authorID=36828456600&md5=42eca8634c98c29e4c0a31d87998462f&_acct=C000004638&_version=1&_userid=43521&md5=5245c5497e04309fa0e4b05100cf8e2b

Two malin reasons:
A Slow -response of LC

A 16ms display responsible for only 30% of blur effect
A Now for 2ms displays mostly negligible

A Image is held while the eye is tracking moving object
(smooth pursuit eye motion SPEM), which causes blur in
the retina image

A Purely perceptual effect

A Can be modeled as a box function in temporal domain




Transmission

Combating slow response of LC

Normal Driving

Over-Drive Voltage

Compensated Response
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A Black data insertion (BDI)
A Black frames interleaved with the original frames
A Mimics CRT behavior

A Frame rate doubling (FRD)

A Additional frames are obtained by interpolating pairs of original
frames along their optical  -flow trajectories

A Requires introducing latency of one keyframe, which is not a
problem in broadcasting applications, but is not suitable for gaming

A The final effect depends on optical flow accuracy
A Blurred frame insertion (BFI)

A Cheap version of FRD

A Original frames are replicated and blurred

A Ghosting for dynamic objects due to lack of motion compensation




120Hz frame rate driving Black data insertion driving
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Alternative:
Backlight flashing

« Black data




A Backlight flashing (BF)
A Turning the backlight of an LCD panel on and off

A LED response is very fast, so flashing 500 Hz and more is possible

A Flashing on can be synchronized with steady states of LC (reduces
ghosting)

A Motion compensated inverse filtering (MCIF)

A Filtering an input image, which aims at inverting hold -type blur

A Effectively local 1D sharpening filtering, which is computed along the
optical flow trajectories

A Cannot restore frequencies that are completely removed by hold
type blur, but may magnify frequencies that are attenuated

A Image saturation may cause problems

A Hybrid Methods
A FRD + BF
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Frame warping up to 120Hz

40 Hz
rendering
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[Didyk et af=2010]
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Blur out warping artifacts

V)
[Didyk et af=2010]



A Interleave blurred and sharp (with doubled high -pass
frequencies) frames

A Energy -wise (brightness) equivalent
A Blur filter size as a function of retinal velocity

A Hold effect reduced as high frequencies displayed
shorter and low frequencies do not matter for blur

)
[Didyk et af=2010]
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BDI BF BF1 FRD MCIF Didyk et al.

LCD response required  High Moderate High High No High
Backlight response required  No High No No No No

Optical flow quality  No No No High Moderate High
Ghosting artifacts  Possible Possible Yes No No No
Flickering artifacts  Yes Yes No No No No
Luminance reduction  Yes Yes No No No No
Limitation of blur reduction  Flickering Flickering No No Freq. cut-off  No
Other possible artitacts  No No No Fast motion Oversaturation No
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Pairrwise comparison

A5 different sequences
A True 40Hz, 120Hz, Our 120Hz

A Blur judgment and artifacts




5 scenes (mean quality score + SEM)
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Targets:

Task:
Detect open Landolt shape
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Score Succeeded Landolt detections




