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Objective

* We will propose a new model on Spatio-Velocity
Contrast Sensitivity Function (SV-CSF):

» To evaluate image-processing algorithms such as
block-wise memory-compression of LCD
overdriving, artifact occurs in very small area.
However, conventional SV-CSF model mainly
targeted for large-area check of TV artifacts such as
flickering and blurring. So, we need a new model.

* As aresult, we will eventually have an unified treatment
of two artifacts: flickering and blurring.

* In this sense, unified treatment is a final objective.

TOSHIBA ~— 55yhtans 2710 ARTEY/#I7 L2012, 2012/3/9

Leading Innovation © 2012 Toshiba Corporation

6




Historical Review of CSFs

(Contrast Sensitivity Functions)

SV-CSF:  Kelly (1979)
Spatio-

velocity l

effect Daly (1998)

Laird (2006)

Barten CSF:
Physiological
effects

Barten (1999)

| Hirai (2007) /
Schwartz /
(2009) NV 4

Sasaki (2011) unification

Problem: Each cannot treat both effects simultaneously.
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The Barten CSF
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The Barten CSF

M Opt(u%
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The Hirai SV-CSF
SVCSFy,, 1 (U, VR ) *CveHBASTY—
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SVCSFaier(Us Vi) = Ky CoCiCoVi (€, 272U ) eXp(_ ClﬂuJ
umax
3 -
Kiirai =S +S, |Og(czv%)‘ u: spatial frequency
) v: spatio-velocity
— 1
" CVg + 2
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Normalize SV-CSF by the value of v=0.
SVCSF, - SVCSF (u,Vg)
SVCSF (u,vg | (v=0))
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The Laird SV-CSF

SVCSF (U, Vg) = Kiirg CoC.C,Vr (€, 27201 exp(— W“J
3 -
Kpirg =S, +S, |og(czv% j‘ u: spatial frequency
) V. spatio-velocity
— 1
MGV + 2

Retinal velocity vg is
limited by 80 max.

ZREE v AT
A—=BELTHS

Vg =[v—min{0.82*v+0.15,80.0}

Normalize SV-CSF by the value of v=0.
SVCSF (u,vg)

SvCSF_,, =
I SVCSF (U, vy | (v = 0))

TOSHIBA FIYNSRNFARTUADAMITESHS9 L2012, 2012/3/9

Leading Innovation 3> © 2012 Toshiba Corporation 11

Three candidates as new SV-CSF

» Exploit the Barten CSF as the primary body: CSF(u, w).
* Augment normalized SV-CSF as the modification factor.

CSF1 = CSF(u, w) Barten
CSF2 = CSF(u, w) * svCSF,,,; Hiral and Barten

CSF3 = C?F(U, w) * SVCS\Haird Laird and Barten

CEREE ZERERE v H/NS
IEINGA—4 A—RELTHD

0
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Strategy for Candidate Selection

* Subjective experiments * Proposed SV-CSFs
gather Detection predict CFF (Critical
Probabilities on Flicker Frequency).

Flickering. \

Comparison

+ Compare predictions and experimental
results to select the best candidate.
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Experimental Setup

2AFC
(Two-Alternative Forced Choice)

Randomly generate left and right
images, then examinee is forced

to choose exclusively one of / EIZO FlexSan S2100
response from the two: they are /] 60Hz, WXGA=1600x1200
“different * or “identical” ? Pixel pitch 0.270x0.270mm

y

'\

Examinee Visual Acuity @{\ MAX Luminance is 300 cd /m2

"

0.8(20/25), 1.0(20/20). Viewing Distance 1H to 6H

’

This test gathers detection probabilities.
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Experimental Result Example

Operation freq. Grayscale difference
20Hz ~ ——4x4 3198 —-4x4 364  4x4.332
4x4 4x4 316 ==4x4.3 8
Object size 3H -
> 10 2 g \D o .
= - - DAected
o 08 :
s P ]\
(a 04 :
c :
S 02 Non . ND\ \ \
' Detecte :
2 00 %———JLL\'—D%-———*———\'-—-—\H
S 0 2NDg 4 5 ¢
Viewing Distance [in H]
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Experimental Results Table

3H
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0.8 : \

8! e —
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00 —+ +ND - -

0 1 2 3 4 5 6

h=4
Difference - [{128| 64 | 32 | 16
Frequency |
20Hz D D ND
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Experimental Results
Ob&ect Size
3x

. 4x4
Operation

T e, 1.0
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h=4 h=3 h=2 h=1

Difference > Difference > Difference > Difference >

Frequency | Frequency | Frequency | Frequency |
D

16Hz D D ND 15Hz D D ND ND 15H2 D D ND ND 15Hz 20 ND ND ND

20Hz D D ND ND 20Hz D 50 ND ND 20Hz D 30 ND ND 20Hz ND ND ND ND

30HZ D ND ND ND 30Hz D ND ND ND 30Hz D ND ND ND 30Hz ND ND ND ND
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Theory: Prediction Procedure

How to Predict CFF(Critical Flicker
Frequency) by CSF

o ¥ ¥ ¥ ~ DERENSTE T
- BHb, BRIV vh
igge 15HZ 5 23Hg 28Hg R e
w [Hz] |
Temporal Frequency
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Theory: Predicted CFF
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Difference =
)

h=4 28.0 23.0
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Theory: CFF Predictions
CSF candidate
Barten Hirai + Barten Laird + Barten
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Comparison Procedure: Example

Theor
CFF [Hz]
Difference 9 32 16
h|

39 33 27 21
o

EXp er|ments

h=4
Difference 2>
Frequency |

ND ND
Operation freq. = 30 <33 =CFF

p [2] nD ND

Comparison
D gsl ND ND
HimPREENDT—E
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h=4
Difference 2>

m Frequency |

disagreement 30HZ

Comparison selects CSF3 (Laird and Barten)

Experiments

20Hz 15Hz
3oHz 20Hz 20 ND ND ND

30Hz 20HZ ND ND ND ND
30Hz ND ND ND ND

CSF1 CSF2 CSF3
(Barten) (Hirai + Barten) (Laird + Barten)

Bl disagreement Best
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The best CSF3 (Laird and Barten)

CSF3 = CSF(u, w) * svCSF,;4 (u, v)

w: flickering v: blurring
M g (U)
CSF (u,w) = D) -t~y p.f74: —
2( 1t Il | \_[./+O @,
T XO2 Xmax2 Nmax2 an [Hl(W){l_ H2 (W) F (U)}]Z

SVCSE. . — SVCSF (u,Vvg)
B SVCSF (U, Vg | (v =0))

Ialr(%clc V 1 \7’[

SVCSF (u,vg) =

k

Vg =|v—min{0.82*v+0.15,80.0}

=S, +5,|log

laird — max

cv +2
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Discussion: a versatile applicability of CSF

The integrated Ferry-Porter Law and Granit-Harper Law.

Granit-Harper
gg Law é
CFF | 40
[Hz] | 20 — log(SA)
0 -1.522%
o 1 2 3

Ferry-Porter ﬂ log(L)
Law

CFF=23.4+10.3 log(L) + 10.7 log(SA)
where L is a luminance, SA is subtending-angle.
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Discussion: another application of CSF

Intuitive Design Guideline of Compression:
When SA is half, 1 bit is decreased.
log,(C) : bit depth
CFF=29.0+4.06 log,(L) + 3.19109,(SA) — 3.05 log,(C)

+ 0.400 log,(L) log,(SA) — 0.133 log,(L) log,(C) + 0.0127 {log,(C)}?

L L LiLiLals

CCC-LCP Cause of flicker

L L L Lilals
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Conclusions — as afirst trial to the unification

* The proposed SV-CSF treats both aspects — spatio-
velocity effects and physiological parameters. So, a
small-area artifact is treated.

* An unified foundation of two artifacts: flickering and
blurring. That is, a phenomenon “Flickering is blurred”
is formalized by the proposed SV-CSF.

TOSHIBA - .
m?i.f movation s3> 2 2/ M RNTAZTULOARTYS EI9 L2012, 2012/3/9 © 2012 Toshiba Corporation 28

14



Future Directions

* Explicit & Simpler Expression for the Normalized CSF.
SVCSF (u,vg)

SVCSFir =
_ SVCSF (u,vg | (v=0))
* Chromatic SV-CSF.

» Scotopic/Mesopic CSF and SV-CSF.

* CFF macro models including other parameters such as
bit depth, spatio-velocity, ...

» SV-CSF for 3D viewing: introduce the parameter “angle
of convergence”? Foreground / background moving
speed? Background blur? etc

TOSHIBA - R
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Future Directions — 83 T@xX&LTHCSF]
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Future Directions — g3 T@xX&LTHCSF]
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Thank you for your kind attention.
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CFF Prediction Matrix

Barten Hirai + Barten Laird + Barten
5 5
h=1 S ° N 0 T
= iy T ™~
fjies ; el . S ==
v w v w v v
20 30 40 0 10 20 30 40 10 20 30 40
5 5
h=2 ;i 0 # 0 =
- — T~ =~ ]
*\% e T S
— S ~ \\53
= 4 == = =
bWy ™ ‘\:a Sy v s
30 40 10 20 30 40 10 20 30 40
5 5
h..:; e o 0 -
- i | S aea.
i =
hji BiinasSSSs S T
v v v v hd
30 40 20 30 40 10 20 30 40
5 5
h — 4 o E—-‘ ey - 0 |
—_ T =~ T~ ~ |
T T:: ::q SS8T = SSSE
: L .
-5 v v \ A Sy v
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Predicted CFF Summary

CFF [Hz]
Difference 2 128 64 32
Barten
27 21 9 None
h=2 33 27 21 10
h=: 37 31 25 17
h= 39 33 27 21
CFF [Hz]
L. Difference 2 128 64 32 16
Hirai hy
+ h=1 14 None None None
h=2 22 135 None None
Barten h=3 25 185  None  None
h=: 275 22 155 None
CFF [Hz]
Difference > 128 64 32 16
Laird hl
+ h=1 25.0 19.5 None None
h=2 285 23.0 16.5 None
Barten h=3 293 235 175  None
h=4 28.0 23.0 16.0 None
TOSHIBA
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Experimental Results Matrix

4x4 3x3 2x2 1x1
10 7 —=—a—n 10 7 10 10
15Hz o5 08 -\.3“ 08 AV 08 \
wE—— | b S === —
02 — | lo2 | o2 \.\*_ 0.2 \e\‘
05 | EE— 0o IR oo IR 00 — e
0123456 0123456 0123456 0123456
10 [ttt | |10 8 10 10
20HZ s — 038 Ny 038 B 08
06 \ 06 A 06 =\ 06
04 WY 04 \ 04 \ 04 |
0.2 - 02 \‘ LY 02 '\\,\_ 0.2 \
00 e 00 Y o5 . 00 e
0123456 0123456 0123456 0123456
10 10 10 10
30Hz |os \ 038 \\ 038 \ 08
06 06 06 06
04 \ 04 \\ 04 \ 04 \
0.2 02 0.2 0.2
00 e 00 00 L%y Y u 00 N
0123456 0123456 0123456 0123456

TOSHIBA FIYNSRNFARTUADAMITESHS9 L2012, 2012/3/9

Leading Innovation »>> © 2012 Toshiba Corporation 37
Experimental Results Summary
h=4 h=3
Difference 2> 128 | 64 Difference 2> 128 | 64 | 32
Frequency | Frequency |
15Hz D D D ND 15Hz D D ND ND
20Hz D D ND ND 20Hz D 50 ND ND
30Hz D ND ND ND 30Hz D ND ND ND
h=2 h=1
Difference 2> 16 Difference 2> 128
Frequency | Frequency |
15Hz D D ND ND 15Hz 20 ND ND ND
20Hz D 30 ND ND 20Hz ND ND ND ND
30Hz D ND ND ND 30Hz ND ND ND ND
D=detected, ND=non-detected, number is a detection percent.
3H Viewing Distance
TOSHIBA  799MSasaX7L (O ART Y #9L2012, 2012/3/9 0 2015 Tostiba Coporation 38
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Comparison by CSF1 (genuine Barten)

h=4 h=3
Difference 2> Difference >
Frequency | Frequency |

h=
Difference > Difference >
Frequency | Frequency |

20Hz 20Hz
30Hz D ND ND ND 30Hz ND ND ND ND

D=detected, MD=marginally-detected, ND=non-detected
Bl disagreement

TOSHIBA  799NSls X 7L (O AMI S #59L2012, 2012/3/9 o 2012 Tosniba Coporation 39
Comparison by CSF2 (Hirai and Barten)
h=4 h=3
Difference 2> Difference > | 128 | 64 | 32
Frequency | Frequency |
15Hz D D MD ND 15Hz D D MD ND
20Hz D D ND ND 20Hz D MD ND ND
30Hz MD ND ND ND 30Hz MD ND ND ND
h=2 h=1
Difference => Difference > | 128 | 64 | 32 16
Frequency | Frequency |
15Hz 15Hz MD ND ND ND
20Hz MD D D ND 20Hz ND ND ND ND
30Hz N>l ND ND ND 30Hz ND ND ND ND
D=detected, MD=marginally-detected, ND=non-detected
Bl disagreement
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Comparison by CSF3 (Laird and Barten)

h=4 h=3
Difference > | 128 32 16 Difference > | 128 | 64
Frequency | Frequency |

D D MD ND D D

15Hz 15Hz MD ND
20Hz D MD ND ND 20Hz D MD ND ND
30Hz MD ND ND ND 30Hz MD ND ND ND

h=2
Difference -
Frequency |

h=1
Difference =
Frequency |

64

32 16

128

64 | 32 16

15Hz D D MD ND 15Hz MD ND ND ND
20Hz D MD ND ND 20Hz ND ND ND ND
30Hz MD ND ND ND 30Hz ND ND ND ND

D=detected, MD=marginally-detected, ND=non-detected
Bl disagreement
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