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Abstract 

Many researches showed that perceived image contrast 
increases as the relative surround luminance increases. 
However, most experiments were conducted under limited 
surround conditions. In this research, a psychophysical 
experiment was conducted to investigate the change in 
perceived image contrast under wide range of surround 
luminance up to 1820 cd/m2. A large area illuminator was 
used as a backlight. It consists of 23 dimmable fluorescent 
lamps and a sheet of diffuser. The luminance could be 
adjusted to 7 different surround ratios: 0, 0.3, 0.56, 0.96, 
2.24, 5.81, and 9.99. Results showed that perceived image 
contrast changes as a typical band-pass shape and the 
maximum contrast is found near SR =1.  
 
 

1. Introduction 
 

There have been many researches [1-7] on the 
perceived image contrast but most of them concerned 
limited surround conditions. In the past, since display 
media are usually placed and used under dark or 
indoor viewing conditions, the effect of surround 
luminance has not been considered seriously in the 
previous researches. However, increasingly, many 
kinds of mobile displays become popular and widely 
used under a variety of ambient illumination levels 
including bright outdoor viewing conditions. 
Moreover, large size displays are in common in public 
places such as lounge in buildings, airports, train 
stations, and so on. In this ubiquitous world, display 
manufactures may demand a computational model 
that considers the wide range of surround luminance. 

The most significant impact of the surround on 
image appearance is the change in perceived image 
contrast. Recently, many attempts have been made to 
investigate the perceived image contrast under 
different levels of surround luminance from dark to 
bright. A couple of works [2-3] showed general 

agreement under dark, dim, and average with the 
previous result. [1] However, the effect is not obvious 
for non–export observers. And the other results [4-7] 
also showed disagreement with the expectation under 
bright surround.  

The aim of this study is to investigate the change in 
perceived contrast of image displayed on liquid 
crystal display (LCD) TV under a wide range of 
surround luminance from dark to over bright. 

 
 

2. Experimental  
 

2.1 Surround Condition  
In order to investigate the surround effect on 

perceived image contrast, a large-format cold cathode 
fluorescent lamp (CCFL) backlight lab was built. The 
surround luminance in this lab can be varied with 7 
levels including dark. A computer controlled LCD, 
which is used to display the image, is placed in front 
of the backlight. The large-format flat backlight, 
which is comprised of 23 CCFLs covered by a sheet 
of diffuser, is placed. The ceiling and the wall before 
the display are painted by black material to absorb the 
reflected light and avoid viewing flare on the LCD 
display.  
 
 

 
Fig. 1. Demo for the surround lab 
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The demo of this lab under a surround condition is 
given in Figure 1. The LCD is placed in front of the 
backlight and an observer stays 3 meters away from 
the display screen. The image viewing angle is about 
9° horizontally and 6° vertically and the backlight 
surround covered approximately 38.6° horizontally 
and 23.3° vertically.  

Spatially varied luminance of the backlight was 
measured in a dark room using a 2D color analyzer 
(Minolta CA-2000) as illustrated in Figure 2. The 
spatial uniformity on the plain light source is 
represented in pseudo color. Central area shows higher 
luminance (See red colors) and blue area represents 
lower luminance.  

 
 

 
Fig. 2. Spatial variations in luminance on the 

backlight area  
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Fig. 3. Luminance against 7 surround levles 

(D: Dark, A1: Average 1, A2: Average 2, A3: Average 3, B: 
Bright, OB1: Over Bright 1, OB2: Over Bright 2) 

 
 
Table 1 provides measurement details of each 

surround level such as luminance (cd/m2), correlated 
color temperature (CCT), surround ratio (SR) and 
amount of viewing flare (VF (%)).  

The largest mean luminance inside the dotted box 
area in Figure 2 reaches up to almost 1900cd/m2 in 
‘Over Bright’ condition and the look-up-table (LUT) 
for those 7 levels of backlight is plotted in Figure 3. It 
shows a nonlinear relationship. Luminance level of 
‘Average 3’ was more or less the same to the LCD 
white luminance, i.e. 182 cd/m2. 

CCT fluctuates around 6900~7700 K which is 
rather larger than CCT of the LCD (6984 K) placed in 
front of the backlight. The higher the surround 
luminance level, the lower the CCT of backlight. 
However, discrepancy between them was not visually 
perceptible. 

SR [8] represents magnitude of surround white 
luminance (LSW) relative to the luminance of the 
device white (LDW = 182 cd/m2) as shown 

 

DW

SW
R L

L
S =

    
(1) 

 
Note: the surround with a value of SR greater than 1 

is usually defined as a ‘Bright’ surround, 0.2≤SR <1 as 
an average surround, 0≤SR <0.2 as a ‘Dim’ surround 
and SR≒0 as a ‘Dark’ surround. Plus, SR>5 is referred 
to as ‘Over Bright’ in this study. The largest SR 
achieved in the present study is 9.99.  

VF (%) is the amount of light reflection from the 
LCD screen, when its power is off under a surround 
luminance. The measured maximum flare is less than 
1.2% of the LCD maximum luminance. 

 
TABLE 1. Measurement of surround levels in 

terms of luminance, correlated color temperature, 
surround ratio and viewing flare  

(LCD white L: 182 cd/m2, CCT: 6984 K) 

Surround L 
(cd/m2) 

CCT 
(K) SR VF 

(%) 
Dark  
(D) 0 0 0 0 

Average 1 
(A1) 54 7603 0.3 0.04 

Average 2 
(A2) 102 7576 0.56 0.07 

Average 3 
(A3) 175 7423 0.96 0.12 

Bright 
(B) 408 7358 2.24 0.26 

Over Bright 1
 (OB1) 1059 7071 5.81 0.66 

Over Bright 2
(OB2) 1820 6950 9.99 1.16 
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2.2 Test Image  
Figure 4 shows the image pattern used in the 

experiment. The center white, i.e. RGB[255, 255, 255], 
patch has a size 230×155 mm subtending a visual 
field of 4° (H) × 3° (V) at a viewing distance of 3 
metre. There were 25 decorative colors surrounding 
the edge of the pattern to form a complex viewing 
field as commonly used in color appearance studies. 
[5, 9] Their size is 30mm × 30mm. The rest was filled 
with black, i.e. RGB [0, 0, 0]. All colors were 
measured using a Minolta CA-2000 2D Color 
Analyzer.  

 
 

 
Fig. 4. Test image 

 
 
2.3 Psychophysical Experiment  
The paired comparison method was used in this 

psychophysical experiment. Ten non-expert observers 
with normal color vision performed the experiment. 
During the experiment, the image pattern is displayed 
over the entire LCD screen. The test stimulus is 
shown to an observer under a certain surround level 
after the 30-seconds adaptation period. Once the 
observer is fully adapted to the condition, surround 
luminance is changed. After another 30-seconds 
adaptation to the new surround luminance, the 
observer is asked to compare the previously and 
currently shown test images in terms of perceived 
contrast and choose one of the two conditions of 
which the image does appear to yield higher contrast. 
The meaning of image contrast was defined as the 
perceived difference between the center white and 
black background explained to observers prior to the 
assessment. For example, black background appears 
darker and no huge change in white can be visible 
under a particular surround condition, the perceived 
difference between them increases. In this case, image 
contrast is thought to be increased. Contrarily, when 

white appears darker with the visually constant black, 
the degree of image contrast may be perceived as 
lower. Since 7 surround levels are studied in this work, 
21 pairs (= 7 X (7 - 1) / 2) can be prepared therefore 
the total number of observations is 210 (21 pairs X 10 
observers). In order to make the surround effect on the 
image more obvious, the viewing distance was set to 
be 3m from the LCD display. The image viewing 
angle is about 9° horizontally and 6° vertically and the 
backlight surround filled approximately 38.6° 
horizontally and 23.3° vertically. The rest area of the 
lab was painted by black so any light reflections from 
walls and ceiling can be attenuated. Because the 
image occupied the whole LCD screen and area of the 
display frame appears much smaller, the frame effect 
on the image should be insignificant. In order to 
assure maximum observer adaptation to the varied 
surround, observers were given 30 seconds of 
adaptation time. Each assessment was made after a 
final 30-second adaptation period and the all 
observations were carried out in random order. The 
whole procedure was repeated two times and its mean 
was used to represent the subjective score. For this 
paired comparison experiment, Thurstone’s Law of 
Comparative Judgments, Case V, was used to analyze 
the results. 

 
 

3. Result 
 

3.1 Observer Accuracy 
Observer accuracy is a measure of data dispersion, 

which indicates how well the data of individual 
observer agree with the mean results. In this 
experiment, the Correct Decision (CD) [10] is used to 
determine observer accuracy values. A CD value is 
determined by  

 

N
C

CD i i∑=     (2) 

 
where Ci is the proportion of observers whose 
responses agree with the “majority decision” of the 
group for color stimulus i; N is the number of color 
stimuli. The CD values range from 0.5 to 1.0 where 
0.5 indicates the poorest accuracy and 1.0 the best. 
The higher the CD value, the more accurate the 
experimental data, and therefore the smaller data 
dispersion.  

As shown in Table 2, these values suggest high 
accuracy of experimental data. First column and row 
indicate surround condition (D: Dark, A1: Average 1, 
A2: Average 2, A3: Average 3, B: Bright, OB1: Over 
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Bright 1, OB2: Over Bright 2). The space crossed 
column with row is surround pair and there are CD 
values. For example “D-A1” pair had the best 
accuracy with a CD value of 1. This indicates that the 
observers agreed well with each especially on the 
highly Luminance. The CD value of “D-B” pair is 
0.78 and therefore the data have good accuracy. 
However “A1-B” pair is poorest accuracy. Observers 
responded that assessing “A1-B” pair was difficult 
because Bright and Average1 surround seems to have 
a similar contrast.  
 

TABLE 2. Observer accuracy (correct decision) 
(D: Dark, A1: Average 1, A2: Average 2, A3: Average 3, B: 

Bright, OB1: Over Bright 1, OB2: Over Bright 2) 
CD D A1 A2 A3 B OB1 OB2
D   1.00 1.00 1.00 0.78  1.00 1.00

A1     1.00 1.00 0.56  1.00 1.00
A2       1.00 1.00 1.00 1.00
A3         1.00 1.00 1.00
B           1.00 1.00

OB1            1.00
OB2             

 
 

-1.0

-0.8

-0.6

-0.4

-0.2

0.0

0.2

0.4

0.6

0.8

1.0

0 1 2 3 4 5 6 7 8 9 10 11
SR

in
te

rv
a
l 
sc

a
le

Fig. 5. SR vs. interval scale 
 
 

3.2 Perceived image contrast 
In Figure 5, interval scales measured from the 

paired comparison experiment are plotted against the 
seven surround levels’ SR. As SR increases from 0 to 1, 
scale value is almost linearly increased. However, it is 
drastically reduced when SR>1. Their relation shows a 
band-pass shape and the peak scale value can be 
observed at Average 3 (SR = 0.96). Precisely, LCD 
emits little leakage light, even if the input RGB signal 
is [0, 0, 0], due to its inherent issue. However, when 
surround ratio is changed from 0 (Dark) toward 1 
(Average), black appears darker and white is not 

affected so the image contrast becomes higher. It can 
also be explained by Bartleson and Breneman’ work. 
[1] When SR>1, black becomes constant but white 
gets darker and darker therefore observers perceived 
lower image contrast. 

 
 

4. Summary 
 

The present research investigates on effects of the 
surround luminance level on the perceived image 
contrast. It was found that the perceived image 
contrast changes with surround luminance as a typical 
band-pass shape and the maximum contrast is found 
near SR =1. As SR increases from 0 to 1, scale value is 
almost linearly increased. However, it is drastically 
reduced when SR>1. The results will be further 
verified by testing other monitors having various 
white luminance levels. In addition, impact of 
chromatic surround can be another afterthought. 

 
 

5. References 
 

1. C.J. Bartleson and E.J. Breneman, Brightness perception 
in complex fields, J. Opt. Soc. Am., 57, 953-957 (1967). 

2. C. Liu and M.D. Fairchild, Measuring the Relationship 
between Perceived Imageing Contrast and Surround 
Illumination, IS&T/SID 12th Color Imaging Conference, 
Scottsdale, 282-288 (2004). 

3. C. Liu and M.D. Fairchild, Re-measuring and modeling 
perceived image contrast under different levels of 
surround illumination, IS&T/SID 15th Color Imaging 
Conference, Scottsdale, 66-70 (2007). 

4. S.Y. Choi, M.R. Luo and M.R. Pointer, Colour 
appearance change of a large size display under various 
illumination conditions, Proc. Electronic Imaging, Color 
Imaging. XII: Processing, Hardcopy, and Applications. 
68070Ⅰ(2007) 

5. S.Y. Choi, M.R. Luo and M.R. Pointer, The Influence of 
the Relative Luminance of the Surround on the 
Perceived Quality of an image on a Large Display, Proc. 
15th Color Imaging Conference, 157-162 (2007)   

6. Y.J. Kim, M.R. Luo, P Rhodes, V. Cheung, S. Westland, 
S. Lee, Y. Kwak, D. Park and C. Kim, Measurement of 
Perceived Brightness and Contrast Sensitivity for 
Outdoor Condition, Proc. CIE 2007 Conference, 3A 48-
3A 51 (2007). 

7. A. Kim, H.S. Kim, S.O. Park, Y.S. Baek andY.J. Kim, 
Bright Surround Luminance and Perceived Image, 
IMID’08 Technical Digest, P-154 (2008). 

8. CIE, A Colour Appearance Model for Colour Mnagement 
Systems : CIECAM02, CIE Publication (2004). 

9. Y.S. Kwak, Quanrifying the colour appearance of 
displays, PhD Thesis, University of Derby, UK (2003). 

10. L.C. Ou, Quantification of colour emotion and colour 
harmony, PhD Thesis, University of Derby, UK (2004).   


