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Abstract 

This report already appeared as 
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19-03-1996 

Evaluation of an algorithm f or 
predicting the perceived contrast 

of television images 

An existing contrast-index estimation algorithm was used to predict the perceived brightness contrast of 
images displayed on television sets. Originally this algorithm was designed for black-and-white monitor 
images. With the use of (colour) images presented on television sets, an approximation of the lumin
ance values, produced on the display, had to be obtained by means of recordings with a calibrated CCD
camera. While doing so, the prediction of the model for the perceived brightness contrast of television 
images became less accurate than in the case of black-and-white monitor images. To check if this was 
due to limitations of the CCD-camera, the results of an experiment concerning the evaluation of perceived 
brightness contrast, which was already conducted at the IPO, were used. In this experiment images were 
displayed in black-and-white on a high-resolution monitor, and the luminance image could be calculated 
from the grey-value image. Results show that the model correlates well with the subjective contrast scores 
given to these images. Also when the CCD-camera recorded luminance image was used as input for the 
model, a high correlation between the perceived brightness contrast and the estimated contrast-index was 
maintained. The less accurate predictions in the case of television images seems not to be caused by lim
itations of the camera but might be due to influence of perceived sharpness on the contrast scores, due 
to limitations of the model or due to the small differences between the television sets, of which the Jatter 
decreased the signa} to noise ratio. 
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1 Introduction 

ADONIS (Advanced Description Of New Imaging Systems) is a 5-year joint research project between 
Philips Sound & Vision (BG-TV), Philips Components (BG-DC), Institute for Perception Research (IPO, 
Eindhoven) and Bang & Olufsen AIS. The project aims at the development of a descriptive analysis 
technique for quantifying the perceptual performance of imaging systems. The project is subsidized by 
EUREKA ADTT. 

The structure of the ADONIS project is given in Figure 1. 

/ \ 

design 
spec 

' 

process 

___________________ / 

Figure 1: Scheme of the ADONIS project, with the ways to describe the imaging systems under study. 

The imaging systems under study can be described according to Figure 1. The first vertical, left most, 
path can be used to describe the imaging systems in terms of hardware and/or software. This results in a 
number of technica} specifications, i.e. different T values. In the second path, the electromagnetic radi
ation of the imaging systems is measured with measuring equipment, e.g. luminance meters, photometers, 
CCD camera, etc. This results in different physical quantities, i.e. <I> values. The third path represents the 
evaluation of the imaging systems on their performance in all relevant perceptual dimensions. A trained 
viewers team is needed for this purpose. This results in different psychological impressions, i.e. \J! values. 
And lastly, the perceptual quality of the imaging system can be obtained with the help of end-users. This 
result in only one quality (Q) score for each individual imaging system. The outcome of all paths have 
to be processed and analysed, after which it can be decided what technica} modifications will be needed. 

The emphasis of the ADONIS project is on the development of the RaPID method (Rapid Perceptual 
Image Description). This is a technique to evaluate imaging systems conceming their performance in 
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well-defined perceptual dimensions. This method can be used for competition analysis and for the eval
uation of new imaging techniques. 

Another important part in the ADONIS project is the development of a model to predict the percep
tual quality from the physical image(~ - \J1 - Q). First of all one has to know what the basic attributes 
of perceptual image quality are (description of \JI). After which the relevant dimensions of image qual
ity have to be selected. Among others, e.g. unsharpness & noisiness (Marmolin & Nyberg, 1975), an 
important perceptual attribute found in the literature , and which is confirmed in our project, is bright
ness contrast (Breneman, 1960; Roufs, Blommaert & de Ridder, 1991; Roufs, 1992; Roufs, Koselka & 
van Tongeren, 1994; Peli, 1995). The relation between perceptual image quality and perceived bright
ness contrast is non-monotonie. First, the perceived quality increases with increased perceived contrast 
after which at a certain value for the perceived brightness contrast the perceived quality decreases with 
increasing perceived contrast (Roufs, 1992; Roufs, Koselka & van Tongeren, 1994). With other words, 
perceived brightness contrast has an optima! value with respect to perceived image quality. Before es
tabishing a relation between the physical quantity and overall quality, first a relation has to be established 
between the physical quantity and the psychological impression (~ - \JI). 

The luminance reproduced on the display unit depends on the characteristics of the whole imaging 
system (from camera via transmission link up to the display unit). It is known that there are non-linear 
transformations of the signals in the pathway, which can be approximately described by simple power re
lations. A number of articles have been published about the exponent of the power relation (gamma) at the 
display side (Briggs, 1981; Poynton, 1993; Patterson, 1994; Olson, 1995). The articles deal with deriv
ing a "best-gamma" for displays and "gamma-correction", in other words, modify the physical image in 
order to improve perceived contrast, which in turn might enhance the perceived quality. Although a rela
tion has been found between the effective gamma, i.e., the slope of that part of the luminance-reproduction 
curve that is most frequently occupied (weighted linear regression), and the perceived global brightness 
contrast (Roufs et al., 1994 ), this parameter gamma does not suffice to predict the perceived brightness 
contrast in television applications. The obtained gamma value varies with the (television) settings ap
plied (Olson, 1995). The physical contrast can also be modified by means of local, non-linear, adaptive 
processing, which can take place in the television sets, e.g. beam- and average current limitting, scan
velocity modulation, peaking, (local) histogram modifications, etc. 

In order to be able to predict the perceived brightness contrast from the physical image other object
ive criteria have to be found. For simple patterns two definitions may be used to describe the objective 
contrast. One is the Michelson contrast definition for sinusoidal gratings 

C = (Lmax - Lmin)/(Lmax + Lmin) = D..L/(L + D..L), 

and the other one the Weber fraction definition of contrast, for uniform targets on a uniform background, 

C=D..L/L 

(adopted from Peli, 1990). 
For more complex images other contrast measures are used, like the RMS-contrast: 

[ 
1 n l ½ C= --1)xi-x) 2 

, 
n - 1 i=l 

and measures such as local band-limited contrast (Peli, 1990) in which contrast is calculated for each 
spatial frequency band, complex contrast (Lillesreter, 1993) in which area contrast and edge contrast are 
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Figure 2.: Computation scheme of the Contrast-Index estimation algorithm. 

included, and a so-called contrast-index (Kayargadde, 1995), in which the dynamic brightness range in 
an image is a measure for the perceived contrast. 

The aim of the study described in this report is to test the contrast-index on natural colour television 
images. It shows a good correlation with the perceived global brightness contrast in the case of images 
displayed on a black-and-white monitor. 

2 Description of the contrast-index 

One objective measure for predicting the global brightness contrast is the contrast-index (Ci ) described 
by Kayargadde (1995). This model was proven to have a high correlation with the perceived contrast, 
and predicts the contrast value at which optima} quality was achieved (this last option was not tested in 
this study). The computation scheme of this objective measure is presented in Figure 2. This algorithm 
estimates the contrast-index of an image from an approximated brightness image. In the first stage of 
the algorithm, the grey-scale image is transformed into a luminance image using the calibrated monitor 
characteristics according to: 

L _ { Lmax · ( _g ) 'Y , 
- 9max 

Lmin, otherwise 

To obtain an approximation of the brightness image a compressive non-linearity is applied to the lumin
ance image (CIE 1976) according to: 

l 116 · ( _!:_ ) ½ - 16, 
B = Lmax 

903.3 · ( L~ax ) , 

(L/ Lmax) > 0.008856 
====} 0 :S B :S 100. 

otherwise 

Strictly speaking the CIE relation given above expresses lightness. It is adopted because it is one of the 
few standardized relations available to express the non-linear transformation from the physical variable 
luminance to the perceptual attribute lightness, and hence brightness when it is assumed that lightness 
and brightness share the same compression mechanism. The cumulative histogram of the approximated 
brightness image is computed and used for further estimation. 
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The dynamic range of the brightness in an image is expected to be an important factor in determining 
the perceived global brightness contrast. Therefore, the width of the brightness histogram is used as a 
first order measure for the dynamic range of brightness in the image. When the histogram is flat, the 
cumulative histogram is a ramp function. The slope of the linearized part of this cumulative distribution 
is inversely proportional to the width of the histogram. Hence, the inverse of the slope is a measure for 
the dynamic range of the brightness image and is used as an indication for the global brightness contrast: 

Ci = 1/ slope, 

where the slope is a regression fit to the relevant part of the cumulative brightness histogram. Correspond
ing to Kayargadde, the slope of the cumulative histogram was estimated only from the data-points posi
tioned between brightness values of 5 and 95, and percentile (cumulative histogram) values in between 
5% and 95%. Kayargadde found that slope-estimation between these points gave better results that simply 
taking the 5 and 95% values. 

3 Results linked to the ADONIS sharpness experiment 

The set-up of this experiment is described in Proposalfor sharpness experiment 1 (Nijenhuis, 1995). One 
of the purposes of this experiment was to evaluate five reference television sets on their performance in 
the sharpness related attributes, where one of the attributes was contrast. The perceived contrast was 
evaluated by the observers when an image was displayed on all five televisions simultaneously. Observers 
were asked to judge the perceived contrast of each television using aten-point category scale. There were 
seven different scenes which were repeated four times. In total eight members of the Eindhoven viewers 
team participated in the full experiment. The mean results for the perceived contrast are given in table 1, 
together with their standard errors. 

television Woman's Light Bird lee Test Cross Checker 
set number Face House Skating Circle Hatch Board 

1 3.9 4.2 3.3 3.8 5.1 3.5 4.0 
(0.3) (0.3) (0.3) (0.3) (0.4) (0.3) (0.3) 

2 5.9 6.2 5.7 5.9 5.7 5.8 5.9 
(0.2) (0.2) (0.2) (0.3) (0.2) (0.2) (0.2) 

3 7.5 8.4 7.7 8.1 8.1 7.4 8.0 
(0.4) (0.2) (0.2) (0.2) (0.2) (0.2) (0.2) 

4 8.2 7.7 7.8 7.6 8.2 7.7 8.3 
(0.2) (0.1) (0.3) (0.2) (0.2) (0.3) (0.2) 

5 4.8 5.6 6.0 5.4 5.3 6.7 5.5 
(0.4) (0.4) (0.4) (0.4) (0.4) (0.3) (0.4) 

Table 1: Mean contrast scores, averaged over all eight observers, and their standard errors in the mean 
(between brackets) for the different scenes and television sets. 

To be able to predict the contrast scores with the contrast-index 1) a grey-scale image is needed and 2) 
a fixed relation is required between the grey-values recorded and the luminance produced on the display. 
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television CCD D !-recorder SUN - - uu (AID) - ISP -set camera file-server 

Figure 3.: Scheme for the data-storage of the approximate luminance image of the television sets. 
The CCD-camera records the image displayed on the television set. The video-signal, only con
taining the Y-information, is digitized to an eight-bit luminance image according to CCIR Recom
mendation 601 (CCIR Rec. 601, 1990). This luminance image is transferred to the file-server via 
an image sequence processor (ISP). 

In this ADONIS experiment we used colour images displayed from a Photo-CD player and a Video Long 
Player, which means that not always a grey-value image is available. A second difficulty when using 
television sets is that the relation between grey-value and luminance produced on the display is not fixed, 
i.e., equal grey-values may produce different luminance levels. This is, among others, due to peak- and 
average- beam current limiters. Therefore we had to obtain the luminance image in another way. For this 
purpose we used a standard definition black-and-white CCD-camera, which was corrected according to 
the spectra} luminous function defining the standard photopic observer, V (À) (Wyszecki & Stiles, 1982). 
We used this camera to record the approximate luminance image of the television sets. The signa! of the 
camera was digitized and transferred to the host computer at IPO according to Figure 3. 

Twenty five (5 still pictures1 x 5 televisions) 5-second fragments were recorded and stored on the 
digital video recorder2• From these fragments, 2-second (50 frames) parts were selected over which the 
average image was calculated. This was done in order to average out camera-noise. The recordings of 
the television images were made with equal, non-adaptive, settings of the camera in an otherwise dark 
room. Herewith we ensured that the luminance values recorded on each television can be compared. The 
CCD-camera was corrected forthe V(,\) function and was checked fora linearrelation between luminance 
values and video-voltage levels (1, = 1), which was the case. An advantage is that only the luminance 
values on the checkerboard had to be measured in order to be able to calculate all other luminance levels. 
lt is important to notice that only 255 luminance values are available at maximum. The luminance values 
measured on the checker-board pattern are given in table 2, together with the values calculated from the 
recorded luminance images. The relation between camera values and luminance values was found with 
a linear regression. A best-fit (correlation r = 0.99) is given with the formula: 

L = 2.3187 * (Cv - 35) , 

with L being the luminance of the television (cd·m-2
), Cv the camera recorded values, r the correlation 

coefficient of the linear regression, and with 35 being the black-level-offset. The results in table 2 show a 
reasonable agreement between the measured and the calculated values for the high luminance levels (cor
relation coefficient r = 0.97), contrary to the low luminance levels (Fig. 4) where there are substantial 
differences between the measured and calculated luminance values (correlation coefficient r = 0.80). Al
though the calculated luminance image does not completely match with the measured luminance values, 

1The cross-hatch scene could not be recorded 
2often referred to as DJ-recorder 
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television block 1 block 2 block 3 block 4 
1 (measured) 207 4.16 3.81 210 
( calculated) 217 1.48 0.07 221 

2 (measured) 251 2.62 2.54 264 
( calculated) 255 0.79 0.28 275 

3 (measured) 434 5.89 5.73 433 
( calculated) 399 7.44 · 6.72 400 

4 (measured) 290 2.65 2.50 291 
( calculated) 326 2.53 2.39 319 

5 (measured) 300 2.82 3.00 306 
(calculated) 304 2.30 2.27 310 

Table 2: Luminance values measured on the checker-board pattem, and calculated from the camera re
corded luminance image. 

b w b w 
w 
b 1 
w 3 
b 
w 

b w 

2 
4 

b w 

checker-board 
image 

we will use this image to obtain the approximated brightness image. A rough estimation of the maximum 
error in further calculations is ±7%. 

A.fter the cumulative histogram has been calculated the slope of the curve can be estimated. An indic
ation for the perceived brightness contrast is obtained in the form of the contrast-index. Conform Kayar
gadde, the slope of the cumulative histogram was estimated only from the data-points positioned between 
brightness values of 5 and 95, and percentile (cumulative histogram) values in between 5% and 95%. 

During the experiments a round window was attached to all television screens, in such a way that only 
the circle of the test-circle pattem was visible (This was done in order to minimize the number of phys
ical measurements on which the first "ADONIS" sharpness measure was based.) . The contrast-index was 
calculated using only that part of the recorded luminance signals in which the picture was visible. This 
extracted window was 440 pixels in diameter. The format of the pictures from the photo-CD player (Light 
House and Womans Face) was somewhat smaller, and therefore a rectangular window of 250 pixels by 
375 lines was chosen here. The results of the contrast-index estimation are given in Figure 5. The correl
ation between the subjective contrast scores and the calculated contrast-index are: 0.76, 0.79, 0.34, 0.58, 
and 0.79 for Bird, Light House, Womans' Face, Test Circle, and Checker Board, respectively. Figure 5 
shows a similar arrangement of the television sets in each graph which indicate a second (perceptual) di
mension which appear to be more or less constant. This second dimension is most likely to be sharpness. 
According to Teunissen & Westerink ( 1996) observers tend to use a hierarchical structure while assess
ing television pictures. First they look for major perceptual differences, after which they will look for a 
subsequent attribute in which differences are easily perceived. When observers dislike a certain aspect of 
a television set, it will be reflected in the scores for the other attributes. Therefore, it is possible that the 
contrast of television set 4 is over-estimated due to preference of the observers towards this set (because 

8 



Il) 
:, 

J 
:i,.. 
e 
Cll 
'0 
Il) 
'0 
0 
(.) 
Il) 

a: 

1 1 1 1 1 

0 .__....____.__..__....____., _ _.___.___._......__, 

0 50 100 150 200 250 300 350 400 450 500 
Scene luminance (cd/m2) 

Il) 
:, 
i 
> 
:i,.. 
e 
Cll 
'0 
Il) 

'E 
0 

~ 
a: 

38 

36 

34 

32 

30 .__ _ ___._, ____ , ____ __._, __ _,, __ _, 

0 2 4 6 8 10 
Scene luminance (cd/m2) 

Figure 4.: Grey-value as a function of the scene luminance. The left graph shows the whole range, 
whereas the right graph shows only the lower range of the recorded values. 

of its better sharpness), and that the contrast of television set 5 is under-estimated, because of its "blurred" 
image. When the results of those televisions are corrected, i.e. higher contrast scores for set 5 and lower 
contrast scores for set 4, then the correlation between the subjective scores and the estimated contrast is 
much higher. Bias effects might have disappeared when trained observers were used. However, our ob
servers are not trained yet, either in a stable use of the judgement scale or in a consistent sealing of the 
individual attributes. 

4 Intermediate discussion 

The contrast-index estimation algorithm predicts the subjective contrast scores not accurate enough. This 
might be due to 

1. A possibly insufficient approximation of the luminance values from the camera recorded images. 

2. Possible influence of the perceived sharpness on the contrast scores. 

3. Limitations of the model 

• Brightness contrast, colour contrast or a combination of both is used as a criterion to judge 
the contrast of the television images. Only brightness contrast is included in the model. 

• The model is based on the dynamic brightness range, which is a global measure. Local con
trasts might also play a role. 

4. Small contrast differences between the television sets (small dynamic range) and thereby the fact 
that the observers were not trained yet, which increased the experimental noise. 
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Figure 6.: Computation-scheme for gamma-modification of the images to create images with different 
physical contrast. 

5. Recordings of the luminance image were not according to the experimental conditions (e.g. ambient 
illumination effects). 

6. The digitizing into 8-bit luminance values, with also a limited dynamic range of the camera. 

To be able to provide answers to these questions additional experiments were required. At the IPO an 
experiment was run to evaluate the brightness contrast of black-and-white images with different gamma 
values displayed on a calibrated high resolution monitor. The results of this experiment are used to test 
the contrast-index estimation. 

5 The performance of the model on B/W monitor images 

5.1 Introduction 

Perceptual brightness contrast has been a topic of major interest to the vision research group of IPO in the 
last decade. It was found that the perceived brightness contrast depends on the exponent of the luminance 
reproduction function ( ,'). This section describes how the images were recorded and modified in order to 
be perceived as having different brightness contrasts. 

First some useful images had to be recorded. For this purpose two cameras were used: 1) the same 
V(.X) corrected CCD-camera with which the recordings of the television images were made, and 2) a 
professional broadcast camera. The gamma of the first camera was about 1, and the gamma of the second 
about 0.45. In the experiment we liked to evaluate only the brightness contrast, and therefore we used 
only the Y-signal of the scenes recorded with the broadcast camera. The camera recorded images were 
subject to a gamma transformation, where the gamma of the sequence was changed while keeping the 
average luminance level constant. This was done according to Figure 6, in which the following formulas 
were applied: 

= 255 . . 9scale2 · 9in - 9o 
( 

( ) 

) 

1/'Ycam 

9r 9scalel 
255 

, 

in which g 0 is an offset value, 9scalel and 9scale2 scale factors, and rcam the gamma of the camera to obtain 
a linear relation between luminance values and grey-values. 

9out = P X Q X (gr ) 'Yvar, 
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where rvar can be used to modify the original gamma value of a scene. 

255 
Q=---------~-------

( 

"'255 ) 1/'Ymo n 
L-,gr =O agr X (9r )-Ym on 

"'255 X (9m ax ) -Yvarma :t 
~gr =O agr X (gr }-Ymon -Yv arma:t 

in which a9• is the number of pixels of grey-value 9r • As we can see from these formulas Q is constant 
and its value is determined by 9 m ax (the maximum grey-value in the original image) and rvarma x (the 
maximum gamma applied to the original image). Thus the dynamic range is changed by the value of 
P which depends on the desired , value. To obtain different dynamic ranges with similar , values, a 
range-modification was applied to the input signa] according to the first formulae (gr = f (9in )). With 
these formulas two sets of images were created. One set in which gamma was varied between 0.75 and 
2.25 in steps of 0.25, and one set in which gamma was varied between 0.5 and 3.5 in steps of 0.5. In 
total two observers participated in the fuJJ experiment each assessing 3 sessions on perceived contrast, 
in which three repetitions of each image were presented. The raw scores were averaged per observer 
and per stimulus and are presented in Figure 7. These results wiJJ be used to test the performance of the 
contrast-index. 

5.2 Results linked to an IPO contrast experiment 

In the !PO-experiment the grey-value image was available to be used as input for the contrast-index es
timation as given in Figure 2. The results of the contrast-index estimation are presented in Figure 8. 

The correlation between the contrast-index and the perceived brightness contrast is in all cases higher 
than 0.80 ( on average 0.89), which is significantly higher than in the case of the camera recorded television 
images. The contrast-index estimation algorithm works quite weJJ for these images. 

It was also checked whether this algorithm works on the camera recorded luminance image. For this 
purpose the monitor images were recorded by means of the CCD-camera, according to Figure 3, except 
that here a monitor was used instead of a television set. First the performance of this CCD-camera was 
checked on test pattems, smaJJ squared blocks of 26 x 26 pixels on a dark (grey-value 0) or light (grey
value 255) background, where the blocks have different grey-values, and thus produce different Jumin
ances. The results are given in Figure 9. As shown in this figure, the relation between Juminance, meas
ured on the screen, and grey-value, recorded with the camera, is linear up toa grey value of about 180 in 
the case of blocks on a dark background. When recording the Juminances of the blocks on a light back
ground, an offset is visible in the data. This is due to the stray-light which enters the objective of the 
camera, and adds luminance to the whole image. The luminance image is not reproduced very weJJ by 
the camera, especiaJJy for the high values. However, the percentage of grey-values exceeding 180 is lim
ited to at most 3%. Therefore this luminance image is used as input for estimation of the contrast-index. 
The results of these calculations are given in Figure 10. 

The contrast-index estimated from the luminance image (Figure 10) is similar to the one estimated 
from the grey-value image (Figure 8), although the recorded luminance image shows some errors (Figure 
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Figure 9.: Camera recorded grey-values as a function of the scene-luminance. 
'<lark' indicates the data points where a <lark background was used, whereas with 'light' a light 
background was used in the test pattem. The dotted line is the results of a linear regression through 
the first eight data points with a <lark background. 

9). The correlations between the contrast-index estimated from the grey-value image and the one calcu
lated from the luminance image are: 0.99 (Ellen), 0.97 (Angelien), 1.00 (Park), 1.00 (House), and 0.98 
for the Terrace scene. The correlations between the estimated contrast-index and the perceived contrast 
are higher than in the case of the grey-value image, r m in = 0.90 and r average = 0.93. 

5.3 Discussion 

In the previous section it is shown that, in the case of black-and-white monitor images, there is a high 
correlation between the contrast-index estimated from the luminance image as well as from the grey
level image with the subjective contrast scores. It should be mentioned that, within a scene, all images 
had identical average luminances. Also the dynamic range of the images was larger (less experimental 
noise) and only one monitor was used to display the images (no bias). This might also be reasons for the 
good performance of the model. 

The contrast-index is based on the assumption that the brightness contrast is a global attribute, and 
thus local (physical) contrast in the image is not taken into consideration. Two images with completely 
different contents but with an equal histogram obtain equal estimations of the contrast-index. 

When we consider the literature on brightness perception it was found that local contrast plays an im
portant role as well. The computation of lightness by the primate retina, as described by Marr (1974), 
consists of three stages ( 1) a center-surround difference operation; (2) A threshold applied to the differ
ence signal; (3) the inverse of (1). By leaving out the last step a measure for the local brightness contrast 
is obtained. Also Lillesreter (1993) defined "complex" contrast as some kind of brightness difference 
C = ln(L 1 ) - ln(L2 ), where ln(L) is an approximation of brightness. 

In the so-called 'scale-space' models (Wilson & Bergen, 1979; Koenderink & van Doom 1982; Blommaert 
et al., 1987; Swanson et al., 1984) receptive fields with different sizes are used. The minimum receptive 
field size diameter is limited by the size and spacing of the photoreceptors, and the maximum diameter is 
limited by the width of the visual field (180° of visual angle ). When only the smallest scales are assumed 
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Figure 10.: Perceived brightness contrast as a function of the estimated contrast-index, calculated from 
the CCD-camera recorded luminance image, for different observers and scenes. 
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to exist in the retina, then the activity at the larger scales should be derived from the activity at the smal
ler scales. (Blommaert & Martens, 1990). This implies that a contrast measure should also include local 
brightness differences. It might be that the receptive fields of the largest relevant sizes play an important 
role in the perception of global brightness contrast. This can explain why the contrast-index shows a high 
correlation with the perceived brightness contrast. 

6 Conclusions 

Estimations of the contrast-index correlate well with the perceived brightness contrast scores, both in the 
case of a grey-value image and in the case of a camera recorded luminance image. The predictions of 
the model for the the perceived brightness contrast of television images is, at this moment, less accurate. 
Possible reasons are: 

• Influence of the perceived sharpness on the contrast scores. 

• Limitations of the model 

- Brightness contrast, colour contrast or a combination both is used a criterion to judge the con
trast of the television images. Only brightness contrast is included in the model. 

- The model is based on the dynamic brightness range, which is a global measure. Local con
trasts might also play a role. 

• Small contrast differences between the television sets (small dynamic range) and thereby the fact 
that the observers were not trained yet, which increased the experimental noise. 

• Recordings of the luminance image were not according to the experimental conditions. 

The model should be verified on black-and-white images having different average luminances, and op
tionally modified by contrast enhancement algorithms based on local brightness differences. The model 
must also be extended to colour images displayed on television sets. 
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