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Abstract 
When evaluating the quality of images and displays, it is 
important to combine the characteristics as perceived by 
the human visual system and measured by equipment 
using subjective and objective methods, respectively. In 
the case of objective methods, the quality of a display is 
measured using colorimetric or radiometric devices 
according to existing standards covering the color 
temperature, gamut size, gamma characteristic, and 
device characterization. Meanwhile, subjective methods 
assess the quality of an image using the human visual 
system based on a comparison with a reference or 
counterpart using such metrics as the sharpness, noise, 
contrast, saturation, and color accuracy. Objective and 
subjective methods are usually used together in 
comparison, as ultimately it is observers watching 
images on a display. In addition to existing objective 
methods, a new image quality metric is also introduced 
as regards the JPEG compression ratio that is reflected 
in the relationship between the gamut size and the color 
fidelity in CIELAB color space. 

 

1. Introduction 
 

Displays, including computer monitors, televisions, 
and other electronic visual equipment, are devices for 
presenting visual information, such as images and 
movies. While initially propagated with black-and-
white screens, color displays with RGB channels are 
now the most common displays on the market. Also, 
starting with CRTs as the early type of display, various 
new display types have since been developed, such as 
LCDs, PDPs, and OLEDs. Therefore, this paper 
discusses the important issues in developing displays 
focused on the ability of color reproduction.  

With the rapid development of displays, standards 
of evaluation for new displays, such as contrast, 
sharpness, size, and brightness, are necessary. In 
particular, the performance of color expression is one 
of the most important issues1. Evaluation methods for 
displays can be largely divided into objective and 
subjective methods. Accordingly, this paper first 

introduces representative methods for objectively 
evaluating the color characteristics of displays, 
including the color temperature, gamut size, gamma 
characteristic, constancy of the chromaticity for each 
channel, and device characterization1,2,3,4. These 
methods are usually based on taking measurements 
using colorimetric or radiometric equipment 
according to existing standards set by the CIE 
(Commission Internationale de I’Eclairage), ISO 
(International Organization for Standardization), 
VESA (Video Electronics Standards Association), and 
FPDM (Flat Panel Display Measurements). Therefore, 
these metrics can be used as objective evaluation 
metrics5. 

However, displays also need to be subjectively 
evaluated using human eyes. This evaluation is based 
on the subjective judgment of individual observers, as 
the human eyes are the ultimate observers. Therefore, 
assessment based on the human visual system is 
another key issue for the display market6. As there are 
many possible metrics, such as sharpness, noise, 
contrast, and saturation, yet no standard metrics, this 
study suggests a guideline for an evaluation method 
using the human visual system based on the use of 
reference images for each metric. Ultimately, the 
results from both objective and subjective methods 
should be used for display evaluation. 

In addition, this paper also introduces a new image 
quality metric related to the JPEG compression ratio 
that is reflected in the relationship between the gamut 
size and the color fidelity in CIELAB color space 7,8. 

 
2. Objective evaluation for displays 

 
Objective evaluation methods for displays are 
performed using colorimetric equipment, and this 
study uses a CS-1000 spectro-radiometer, which can 
obtain spectral information on a target object, such as 
a display or printed paper. The xy chromaticity values, 
CIEXYZ, or CIELAB values can then be obtained. In 
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this study, five metrics are introduced using mobile 
AMO LED and TFT LCD displays. 
 
2.1. Color temperature with reference white 
 
While the color of white on each display determines 
the overall color propensity, it is not always the same. 
Therefore, the CIE standardized the xy values of white 
for each illuminant. Yet, this value is usually 
recalculated as a color temperature for easy 
observation of the white color as follows: 
 

551768313601437 23 +++= nnnT     (1) 
 
Where n is computed by (xw -0.3320)/(0.1858-yw). 
Figure 1 shows the comparison of xy values between 
standard illuminants with each display. As a result, the 
TFT LCD was found to have a more bluish white 
color than the AMO LED. 
 
2.2. Gamma characteristic using gray ramps 
 
A continuous increase with regular intervals for the 
gray ramp patch measurements is evidence of a high-
quality display. However, while the ideal case shows a 
linear increase, the functions for the CIEXYZ values 
have gamma characteristics. Figure 2 shows the 
measurement results between the two displays, where 
the AM OLED exhibited a better property, as the TFT 
LCD revealed a knee shape at around level 240. 
 
2.3. Constancy of xy values for each channel 

 
For an ideal display, the gray level of each channel 
should have one chromaticity value. However, in 
normal displays, the value of each channel shifts to 
the center as the gray levels decrease, as shown in 
figure 3(a). Thus, as shown Figure 3(b), a smaller 
variation is evidence of a higher quality. 
 
2.4. Gamut size 
 
One of the common metrics for displays is the gamut 
size, which can be determined in both xy and CIELAB 
color space. In xy color space, the gamut size uses the 
maximum RGB values, as shown in Figure 4, and is 
calculated using the following formula provided from 
VESA 302-4A: 
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Fig. 1. Comparison of color temperature. 
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Fig. 2. Comparison of gamma characteristic. 
 
Meanwhile, in CIELAB color space, the volume of 
the gamut is a comparative quality metric. Figure 5 
shows a comparison in CIELAB color space.  
 
2.5. Device characterization 
 
Device characterization examines the ability of exact 
color reproduction by modeling the relationship 
between digital RGB values and CIEXYZ values. 
Representative methods include the GOG model, 3D  
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Fig. 3. Constancy of xy values for each channel. 
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Fig. 4. Comparison of gamut size in xy coordinates. 
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Fig. 5. Comparison of gamut size in CIELAB. 
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Fig. 6. Luminance characteristic for each displays. 
 
Table 1. Results of display characterization. 

Display TFTLCD AMOLED 
Mean (∆Eab) 9.4029 3.6699 
Max. (∆Eab) 40.3567 9.5316 

 
LUT interpolation using a tetrahedral, and piecewise 
linear. In this paper, the GOG model is used to 
characterize the two devices. Figures 6 and 7 show the 
luminance characteristics for the normalized RGB 
values considered as the characterization model. In 
table 1, the results for the two devices are shown as 
the difference between the measured and estimated 
values.  
 

3. Subjective evaluation for displays 
 

Subjective evaluation is important as human eyes are 
the ultimate observers of displays. However, 
unfortunately, there are no standards for this type of  
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Fig. 7. Test images for subjective evaluation. 
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Fig. 8. Results of subjective evaluation. 

 
evaluation due to the diversity of individual viewers. 
Thus, subjective evaluations are usually performed 
based on a preference test between two displays using 
reference images. Some sample test images are shown 
in figure 7. In this case, despite the absence of 
standards, the test environment is important, such as 
the illuminants and observation distance. Figure 8 
shows the experimental results for the two displays, 
which indicate that the better performance with the 
objective measurement was not reflected in the results 
based on observing with human eyes. 

 
4. Assessment of JPEG compression 

 
Image compression usually induces distortion of the 
original image, including color distortion. This paper 
investigates the gamut characteristics using the gamut 
size and unique colors depending on the compression 
ratio of JPEG and JPEG 2000 from figures 9 to 12, 
respectively. Based on the results, the gamut fidelity is 
defined as follows: 
 

100
sizeGamut  

color  unique  ofNumber  (%) ×=GF     (3) 
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Fig. 9. JPEG and gamut characteristic. 
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Fig.10. Evaluation metrics for JPEG. 
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Fig. 11. JPEG2000 and gamut characteristic. 
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Fig. 12. Evaluation metrics for JPEG2000. 

The results show a smaller change for each metric 
with JPEG2000 than with JPEG. 

 
4. Summary 

 
This paper introduced representative evaluation 
methods for displays and images focused on color 
reproduction. The evaluation methods included an 
objective evaluation using measurement equipment 
and a subjective evaluation performed by observers. 
However, the metrics from both evaluations should be 
considered together. In addition, a new metric for the 
JPEG compression ratio is also suggested based on the 
color gamut characteristic.  
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