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Rea and Ouellette, 1988

Visual performance increased with
luminance contrast.

Display device: CRT

Maximum luminance: 255 cd/m?
Ambient lighting: dim condition
Observer age: 17-31 yrs

Zhu and Wu, 1990

Subjective evaluation score was
highest for moderate luminance
contrast.

Display device: CRT

Maximum luminance: 633 cd/m?
Ambient lighting: 400 lux
Observer age: 18-26 yrs

Roufs and Boschman, 1997
Boschman and Roufs, 1997

Visual performance and subjective
visual comfort were both highest for
moderate luminance contrast.

Display device: CRT and print
Maximum luminance: 400 cd/m?
Ambient lighting: 340 lux
Observer age: 24-62 yrs

Wang and Chen, 2000

Visual acuity increased as luminance
contrast increased up to 8:1.

Display device: CRT
Maximum luminance: 50 cd/m?
Ambient lighting: 400 lux
Observer age: college students

Ling and Van Schaik, 2002

Higher contrasts between text and
background colour led to faster
searching and were rated more
favourably.

Display device: CRT

Maximum luminance: 100 cd/m?
Ambient lighting: 347 lux

Observer age: m=24 yrs, SD=10 yrs

Ayama et al., 2007

Subjective rating for legibility
Increased with luminance contrast.

Display device: CRT
Maximum luminance: 82 cd/m?
Ambient lighting: 500 lux
Observer age: 20-29 yrs

Lin and Huang, 2009

Visual performance was better at high
luminance contrast ratio than at low
luminance contrast ratio.

Display device: TFT-LCD
Maximum luminance: 160 cd/m?
Ambient lighting: 250-2000 lux
Observer age: 19-22 yrs




Experiment 1:
using a 46-inch LCD TV




Display

e A 46-inch LCD TV

e Aspect ratio: 16:9 (1920 by 1080 pixels)
e Display peak white had a luminance of 551.8 cd/m?

. Vlewmg dlstance I50 cm .
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Colour Samples

Luminance (cd/m”) Lightness (L¥)
55177 100.00
170.48 62.42

41.16 32.83
0.02 0.03
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No. 3




Colour Samples

Luminance (cd/m”) Lightness (L¥)
55177 100.00
170.48 62.42

41.16 32.83
0.02 0.03

Number of trials:

[4 (4-1)]x[4(@-1)-1]/2 =66

which were replicated once for repeatability test:

66 X2 = 132



Observers

Male

Female

Age range

Older

10

10

60 ~ 78
(M=66.8)
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Results




Conventional measures of luminance contrast

Ltext o Lbackground

CMi chelson =
Ltext 5 Lbackground

L
C text
Roufs-Boschman log

Lback ground




CIELAB

L*=116f(Y/Y,)-16
a* =500/ (X /X,)~ f(Y/Y,)]
b* =200/ (Y /Y,)- f(Z/Z,)]

(w)'"” for w >0.008856
7.787(w)+16/116 for w <0.008856

o

2 2
C*, =vVa*® +b*

h, =tan" (b*/a*)




CIELAB

Lightness difference (AL) is defined as:

* * *
AL =17, text — L backgroun4




Older observers Young observers

—@— Background: 551.8 cd/m2
—f— Background: 170.5 cd/m?2
--fll-- Background: 41.2 cd/m?2
== Background: 0.02 cd/m?2
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Experiment 2:

using a 9.7-inch iPad 2
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Size of d

iPad size

TEMXBATAEARDEEEFNRER
LR a0 B X8 A B R A AR A AR ARAS
FRAY  TABS X BUR IR S0 SR ALY - 3t
HEME  ARBZESRE - REEEMR
HEREREHYR L REFBBHE—
BRAXEAX  —ERAMBX - XS

RTAGBRSEMNEAGT BT ERRC TR

MR~ B~ BIRSRAEMIEES X RRRA
B - @E AR RN ABEERENE
BT EHE - LHETR KB PABEERLN

BEERRFRIbEIEEX  BRAT2ET

REHIF AT LAFEARR A 4 R AR -
EEAn B A0 B 6 R R A EARE R AL SRS
RREY T AES S BIR BB AR ALY - 3R
HAME » ABRBRZESWE - AAEEMR
HEFFRRLHIMELE - RPABELER—
B2 B XEK - —ERAMBX - EXZEIE
RTAEBRSHMNESTUBTERRTHR -
MR~ DR~ BIRSH{E AEES RBRA
B - WENE R RAAGEERAEME
BARTEHAE - ARETRXHNPIBEELN
BERRERELEEX  BREAR2ET

ocument layout

iPod touch size

TR AT AR RS -
i 3

A AR AR AR M) - 8%
AT - ARBABATE - REREHR
WETRREANE LN R ES SR
BRAXANE - —BRABK - EAS KN

RTAERGH R T BT SRR -
R~ BRI - AR RIS R R
o

SRR - ANET DX RO SBHRE

AEAEFRBEINEK  EREREE
EHHR



Display

* A 9.7-inch iPad (2nd generation)

e Aspect ratio: 4:3 (1024 by 768 pixels)

e Display peak white had a luminance of 397.3 cd/m?
. Vlewmg dlstance 30 cm.
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Color Samples - Experiment 2

Colour Luminance (L*) (x, y)
1. black 0.52 cd/m? 1.19 (0.2638, 0.2552)
2. dark grey 12.59 cd/m? (0.3010, 0.3126)

3. medium grey 84.25 cd/m? (0.3004, 0.3114)
4. light grey 202.73 cd/m? (0.3010, 0.3125)
397.34 cd/m? (0.3005, 0.3115)

Number of trials -
[5(5-1)] x [5(5-1)-1]/2 =190




Observers

Numbers Age range

20 Over 60 Yrs

20 20—30 Yrs




Results




Visual comfort (young observers)
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Visual comfort (young observers)
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Effect of document size




iPod touch
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Experiment 3:
using a 9.7-inch iPad Air




Display

* A 9.7-inch iPad Air (lst generation)

* Aspect ratio: 4:3 (2048 by 1536 pixels)
 Display peak white had a luminance of 286 cd/m?
* Viewing distance: 35 cm

7




Viewing conditions

* The iPad Air was placed in a viewing cabinet.

* There were 5 illuminance levels for ambient lighting:
0, 50, 200, 600 and 1200 lux







Color (R, G, B Illummance X Lightness (L*) | (xy)

2.52 (0.31,0.319)
50 0.84 2.67 (0.3082,0.3176)
Black (12, 12, 0) 0.97 3.08 (0.3029,0.3138)
1.32 4.17 (0.2953,0.309)
1.83 5.76 (0.2914,0.3095)

12.8 25.2 (0.3082,0.3171)

12.84 25.26 (0.3081,0.3169)

Dark grey (64, 64, 64) 12.97 25.39 (0.3076,0.3166)
13.33 25.74 (0.3065,0.3159)

13.86 26.25 (0.3056,0.3157)

54.18 50.64 (0.3095,0.3179)

54.22 50.7 (0.3094,0.3179)

WLt dava (117, 117, 118) 54.39 50.74 (0.3092,0.3176)
54.83 50.88 (0.3088,0.3174)

55.43 51.06 (0.3086,0.3174)

138.43 75.09 (0.3101,0.3179)
138.43 75.16 (0.3101,0.3179)
Lidea0 (181, 181, 185) 138.61 75.17 (0.3099,0.3178)
139.12 75.22 (0.3096,0.3175)
139.85 75.29 (0.3095,0.3176)

285.55 100 (0.3105,0.3184)

285.3 100 (0.3105,0.3184)

White (255, 255, 255) 285.61 100 (0.3103,0.3183)
286.26 100 (0.3101,0.3181)

286.77 100 (0.3101,0.3181)




Observers

Male

Female

Age range

14

> 60
(M=66)
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Results




Visual Comfort
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Effect of gender




Young observers Older observers
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Summary




® Extremely large lightness difference between text
and background tended to result in lower visual
comfort for young observers than for older
observers.

® Extremely large lightness difference between text
and background tended to result in lower visual
comfort for female observers than for male
observers.

® There was little effect of ambient lighting on visual
comfort for reading using the iPad.



Thank you for your attention!

Li-Chen Ou

lichenou@mail.ntust.edu.tw




