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ISO/TC 159/SC 4/WG 2

Visual Display Requirements

Establishment of ergonomic requirements for electronic
visual displays for all types of contexts of use and
applications, i.e., paid and unpaid work tasks,
communication, education, entertainment and leisure.
The requirements are stated as performance specifications,
aimed at ensuring effective, efficient, comfortable and
satisfactory viewing conditions for users with normal or
adjusted-to-normal eyesight and optional also with specific

visual impairments . (Thelso 92417300 )
subseries is applicable to
2008 the visual ergonomics

design of electronic visual
displays for a diversity of

tasks in a wide variety of
work environments. /
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IS&T/SPIE’s International Symposium on Electronic Imaging Monday 18th January 2010
Stereoscopic Displays and Applications XXI San Jose Convention Center

Standardization based on
human factors for 3D display:
performance characteristics
and measurement methods

T R TS Shin-ichi Uehara", Hiroyasu Ujike"*2, Goro Hamagishi*’3,

Kazuki Taira"*, Takafumi Koike™*, Chiaki Kato**>, Toshio Nomura®s,
Tsutomu Horikoshi**7, Ken Mashitani**8, Akimasa Yuuki**9,
Kuniaki lzumi**0, Yuzo Hisatake*"11, Naoko Watanabe’,
Naoaki Umezu*** and Yoshihiko Nakano*

*Japanese Ergonomics National Committee,
"I NEC LCD Techs., *2 AIST, " Epson Imaging, * Toshiba, * Hitachi,
*6 Sharp, ” NTT DoCoMo, "8 Sanyo Elec., * Mitsubishi Elec.,
*10 3D Consortium and "1 Toshiba Mobile Display Tech.
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Technical Specification

o
ex) Environment

Usage Observing moving images

Display methods

Characteristic items 3D 2D
o TS 1509241-30x
o

WG 2 5/23,24 SG 5/22 SG
TS > 1S

o
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Display Temporally interlaced Spatially Wavelength
methods interlaced multiplexed
Principle g n
~ L g 52|
(- Switch | | Non | T micht
D — ig
/’ or \ Patterned ( /\ H ’\ A
G <:> O retarder P ——
‘-O Left \ /
Switching Righ Right M \/
= Left o Left do DAY /
O® 0%, 207y, o©
Glasses type Active Passive Passive Passive
(Shutter glasses) | (cir./lin. pol.) (cir./lin. pol.) (color)
Main issue Influence of temporal switching | Viewing space Wavelength
limitation difference
between eyes
Strongly Crosstalk Pseudoscopic Interocular
related <> Flicker images, difference in
characteristics | <= Luminance Crosstalk chromaticity

(<= Luminance)

<> Crosstalk

Classification and the related characteristics should be discussed.
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Technical Specification

1. Scope 1S09241-300
2. Normative references
3. Terms and definitions |EC
active glasses, designed viewing distance, passive glasses, glasses,
(stereoscopic display using glasses, circularly polarized glasses,
linearly polarized glasses, shutter glasses, patterned retarder,
polarized glasses, + human factors + performance char.)
4. Display technologies and their guiding principles

5. Requirements for stereoscopic displays using glasses
1SO9241-30x 3D
Luminance, Luminance uniformity, Interocular luminance difference,
Interocular crosstalk, Interocular crosstalk uniformity,
Temporal instability (flicker), Gamma and grey scale, Contrast ratio,

Chromaticity, ...
6. Optical laboratory test methods for stereoscopic displays using glasses
IEC +1S0-9241-305
7. Analysis and compliance test methods for stereoscopic displays using
glasses
1S09241-307 Ch.6 Ch.5
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Measurement and analysis methods
for autostereoscopic displays
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Chapter 1 Scope

Stereoscopic displays

Autostereoscopic Stereoscopic Displays requiring
displays HMDs glasses

/

Spatially Temporally
interlaced interlaced

\

‘ Two-view | ‘ Multi-view \ ‘ Integral |

18



Chapter 2 Terms and definitio

ns

TR

3D display

display device or system including a special

binocular parallax

functionality for enabling depth perception |

v

» stereoscopic display

apparent difference in the direction of a point as
seen separately by one eye and by the other,

while the head remains in a fixed position

3D display where depth perception

pseudoscopic images
pseudostereoscopic images

is induced by binocular parallax

set of i
shown

» autostereoscopic display

mages with inverted parallax
on a stereoscopic display

stereoscopic display that requires
neither viewing aids like special

stereos

A

copic images

glasses nor head-mounted apparatus

two-view display

A

3D moire

periodical irregularity of
luminance or chromaticity in
space or angular directions on

a 3D display

set of images with
parallax shown on a

A

two-view autostereoscopic display

stereoscopic display

autostereoscopic display that creates two
monocular views with which the left and

stereos

A

copic views

right stereoscopic images are coupled

multi-view display
multi-view autostereoscopic display

€

pair of sights provided by
the stereoscopic display,
which induce stereopsis

autostereoscopic display that creates more

monocular view

than two monocular views with which the
stereoscopic images are coupled

Hone of stereoscopic views

integral display number

of views

integral autostereoscopic display

autostereoscopic display that is intended to optically
reproduce three-dimensional objects in space

number of the monocular views
with which stereoscopic images
are coupled

interocular crosstalk

A

leakage of the stereoscopic
image(s) for one eye to the
other

interocular chromaticity

difference

difference in chromaticity
between stereoscopic views

| interocular luminance

"| difference

difference in luminance
between stereoscopic views

19




Chapter 3
Autostereoscopic display technologies

3.1 General
3.2 Cues for Depth Perception

3.3 Stereoscopic display classification

3
3
3
3

3
4 Two-view (autostereoscopic) display
.5 Multi-view (autostereoscopic) display
.6 Integral (autostereoscopic) display
7 Discussion

3.7.1 Continuous/Discrete multi-view display
3.7.2 Multi-view/Integral display

8 Summary

3.

~ % ™

20



Chapter 4 Performance characteristics

4.1 General -~ |

- Ergonomic point of views ...

4.2 Crosstalk |

1 3D crosstalk

2 Interocular crosstalk
3 Interocular 3D contrast
4 ...Others

4.2.
4.2.
4.2.
4.2.

4.3 3D visual artefacts a N

4.3.1 Interocular differences
- luminance, - contrast, - colour
4.3.2 Pseudostereoscopic images (views)
4.3.3 3D Moireé
4.3.4 Non-uniformity

4.4 3D Fidelity \_ Y.

4.4.1 Resolution

4.5 Summary j
21




Crosstalk (traditional)

Left nght = Interocular crosstalk

3D crosstalk
(Luminance profile overlapping)

. ' A\ | Point crosstalk,
age Im age > Spatial crosstalk

System crosstalk,
- Viewer crosstalk,
Z Stereo crosstalk
G Glass type

A /,~\

Interocular crosstalk

* S. Uehara, et. al., Proc.
of IDMC / 3DSA / Asia
Display 2009, S14-4,
20009.

Two-view,
Multi-view,
Integral

3D contrast
(Inverse number of 3D
crosstalk)

Minimyn,  Two-view,

Pojng i
(x 208 §) Multi-view

Interocular 3D purity

Interocular 3D contrast
(Average of “3D contrast” on R&L eyes)

[ ] * T. Horikoshi, S. Uehara, T.
Koike, K. Taira and G.
Hamagishi, Proc. of Euro
Display 2009, 6.2, 2009.

Two-view,
Multi-view,

Integral
L ® 2



Chapter 5 Optical measurement methods

5.1 General \i ’
5.1.1 Measurements

— Basic measurements and derived procedures
5.1.2 Structure

Measurement conditions

Preparations and procedures

Test accessories

Test patterns

Alignment

Measurement location and meter position
Light measuring device (LMD)
Measurement field

Angular aperture / \
Meter time response

Test illumination
O Other ambient test conditions

Measurement methods

Basic light measurement
Directional light measurement

Full screen measurement k /
Crosstalk analysis

Interocular difference analysis
3D moiré analysis

Resolution analysis

Summary

O'IO'IO'IO'Im

N R -
rwNRE NI

o o R o o 1
L O00~NO Ol

J1oouaaaial (] u1o101010107
NvourwdkE W
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Chapter 6
Viewing space and their analysis

6.1 General ‘
6.2 Qualified viewing spaces

6.2.1 Qualified (monocular) viewing space
6.2.2 Qualified binocular viewing space and Qualified stereoscopic viewing space

6.3 Related performance characteristics
6.4 Analysis methods

6.5 Summary
/ Compliance roots \
1S09241-307
TR
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autostereoscopic display that creates more than two monocular views with
which the stereoscopic images are coupled.
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“unwanted”

“allowable”
A: allowable
U: unwanted
Im1 Im2 Im3 Im4
Im1 A A A A
Im2 U A A A
Im3 U U A A
Unwanted Im4 U U U A | Allowable
4 Left-eye view Right-eye view N( Left-eye view Right-eye view h
@] | e || @ | m ) | e
|m1/2_/3 or theirn Im2/3/4 |or their]
combinations o S e
Im1 Im3
© Im3 .:ﬂ:. Iml |:> (Mixed image) (b) m ':ﬂ:' m |:> (Mixed image
Im4 Im2 Pseudoscopic Im2 Im4 Stereoscopic
or their combination or their combination or their combination or their combination
(Mixed image) :> (Mixed image)
® ':ﬂ:' Im1 |:> Pseudoscopic © 'ZII]:' Im4 Stereoscopic
Im2/3/4|or thein Im1/2/3|or theirn
28
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Crosstalk : 6.7%

Luminance [cd/m2]

[1]
[2]

Unwanted Allowable
LIm2

LIm2 Allowable

RIml
[3] Unwanted Allowable

[
Im1 Im5
Left Right Ul g m [
80 @ Im2
o
60 3 Im3
40 mImd A: allowable
20 B In5 U: unwanted
0 R

U .30
Position [degree]

3.0

Crosstalk : 13%

RIm1

RIm1 Unwanted
LIm2 RIml LIm2
Rim1l Rim1l
Rim1l Lim2 5

RIm1 Unwanted

]

LIm2 <- RIm1

—> A
100

80

60

40

20

0

LIm2/.../5 -> RIm1

100

80

60

40

20

0
-3.0 3.0

Crosstalk : 6.7% =(Im4+Im5)/(Im1+Im2+Im3)
LIm4 <- RIm1/2/3

LIm3 <- RIm1/2 LIm5 <-RIm1/.../4

-3.0 3.0

Crosstalk : 13% =(Im1+Im2+Im3)/(Im4+Im5)

LIm3/4/5 -> RIm2 LIm4/5 -> RIm3 LIm5 -> RIm4

—U —U
100 100 100

U

80 80 80

60 60 60

40 40 40

20 20 20

0 0 0
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