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A Review of Perceptual Image Quality

Jonas Petersson

What is meant with print quality, what makes people perceive the quality of an image in a certain way?
An inquiry was made about what the parameters are that strongly affect the perception of digital printed
images. 
A subjective test and some measurements make the basis for the thesis. The goal was to find a tool to
predict perceived image quality when investigating the connections between the subjective test and the
measurements.

Some suitable images were chosen, with a variety of motifs. A test panel consisting of people that are
used to observe image quality answered questions about the perception of the quality. Measurements
were made on a special test form to get information about the six different printers used in the
investigation. 

One of the discoveries was made when two images with the same colorful motif were compared. The
first image got a much higher grade for general quality than the second image, even though the second
image was printed with a printer that had a larger color gamut. The reason of this is that the first image
consists of more saturated colors, and the second image has more details. The human eye perceives the
more saturated image to be better than the image with more details. Another discovery was the
correlation between the perceived general quality of a colored image and the perceived color gamut. A
discovery of an image with very few colors and many glossy surfaces was that print mottle and
sharpness are strictly connected to the general quality.
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Abstract 
 
What is meant with print quality, what makes people perceive the quality of an image in a certain way? An 
inquiry was made about what the parameters are that strongly affect the perception of digital printed images.  
A subjective test and some measurements make the basis for the thesis. The goal was to find a tool to predict 
perceived image quality when investigating the connections between the subjective test and the measurements. 
 
Some suitable images were chosen, with a variety of motifs. A test panel consisting of people that are used to 
observe image quality answered questions about the perception of the quality. The first question was about 
general quality, the second about print mottle and the third about color gamut. Question four to six were about 
comparing the image with a reference image, and deciding how similar the images were. Question four was 
about color shift, question five concerned sharpness and finally its likeness to the reference image. 
Measurements were made on a special test form to get information about the six different printers used in the 
investigation. Problems about performing the perceptual test arose, since it was difficult to make the guidelines 
so that each test person could judge each image from the same point of view. Something was missing in the 
questions of the subjective test when the test person studied the colorful image (consisting of mostly fruits). It 
did not make sense how the test panel really perceived the quality in the colorful images. It was something the 
test panel not got the possibility to grade. What is it? Could it be the details? Maybe the judgment of the 
perception of the details in the image should have been included in the subjective test. 
 
One of the discoveries was made when two images with the same colorful motif were compared. The first image 
got a much higher grade for general quality than the second image, even though the second image was printed 
with a printer that had a larger color gamut. The reason of this is that the first image consists of more saturated 
colors, and the second image has more details. The human eye perceives the more saturated image to be better 
than the image with more details. Another discovery was the correlation between the perceived general quality of 
a colored image and the perceived color gamut. One conclusion was that a great difference between two 
calculated color gamuts resulted in a large difference in perception of the color gamuts. A discovery of an image 
with very few colors and many glossy surfaces was that print mottle and sharpness are strictly connected to the 
general quality. 
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1 Introduction 
This essay is about quality in digital print. There are without any doubts certain factors that affect the perceived 
quality of an image. The meaning of print quality might vary between different persons. An investigation was 
made about what the parameters are that strongly affect the perception of digital printed images.  

1.1 Background 
It is interesting to find the connection between the human visual perception and the physical variables that are 
associated with print quality. [Lindberg, 2004, p. 1] It is very difficult to find out what are actually the relevant 
factors giving the human observer the subjective impression of “image quality”. [Gustavson, 1997,  
p. 28] The impression of image quality is much influenced by the semantic contents of the image, i.e. what the 
image depicts, and therefore a lot of effort was made on choosing the right type of images for the subjective test. 
Visual judgment is important when grading the quality of a print. [Lindberg, 2001, p. 1] The perception of an 
image consists of many parameters; color gamut, even glossiness, good sharpness, contrast and a surface free 
from unevenness are important factors considered to influence the print quality. [Lindberg, 2002, p. 1] There are 
many more different aspects of how the human eye perceives the quality of an image. With some restrictions for 
all parameters that can affect the perception, the goal was to find out a little bit more about this area. When 
investigating if or how the different parameters correlated with each other, more could be discovered about the 
perception of a print. The task was solved mainly by a subjective test and by measurements on a special made 
color chart. In the subjective test a test panel was asked to judge the quality of images with respect to some 
parameters. The measurements resulted in theoretical figures that could be compared. No background 
information about the eye and how it works are covered, because it is assumed to be known from before. 
 
Some of the main areas important for perceived quality in images are [Lindberg, 2004, p. 11]: 

• Human sensitivity to color deviations 
• Naturalness in the judgment of image reproduction and object colors 
• Memory prototypes 
• Preferences for colorful images 

1.2 Goal 
The main goal was to get more information about how the human eye perceives the quality in digital printed 
images. The aim was to find a connection between the subjective test and the measured values, and to find a tool 
to predict the perceived image quality. 

1.3 Restrictions 
The test panel consisted of eleven people. A larger test panel would have given a larger selection and a more 
proper picture of the human perception of digital printed images. Some different digital printers were used when 
printing the images used in the subjective test and in the measurements. It must be sorted out which parameters 
that are most important when judging the quality in digital prints. According to Siv Lindberg [Lindberg, 2004, p. 
45] the twelve parameters color gamut, sharpness, contrast, tone quality, detail highlights, detail shadows, gloss 
levels, gloss variation, color shift, patchyness, mottle, ordered noise are important perceptual image parameters. 
Lindberg has many years of experience in this field, and is a useful source in this essay. Other sources show that 
Siv’s factors were the most important ones according to perceived image quality. It would have been too many 
parameters to use all twelve parameters in the investigation. The limit must be put somewhere, hence the focus 
in this essay must be on a less number of parameters. Siv Lindberg found that print mottle and color gamut 
strongly affect the perception of the quality of an image, and the parameters color shift and sharpness did also to 
a great deal affect the perceived quality. 
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Studying other literature, Hunt [Hunt, 1987, p. 23] and Klaman [Klaman, 2002, p. 25], confirmed that the 
following parameters to a great deal affect the human eyes perception of digital prints.  Therefore a restriction 
was made to use the following parameters: 
 

- print mottle 
- color gamut 
- color shift 
- sharpness 

 
Performing more tests and using more parameters might have given more information. Probably it would have 
been useful to use knowledge from the first subjective test and then make another better subjective test. 
Unfortunately it was no time for this. Only four digital printed images were used in the subjective test. If more 
images had been used, the larger selection would represent a larger number of images. The four images that were 
used in the test were very different and should give a quite representative selection of images. Totally six 
different digital printers were used in the investigation. More digital printers would result in a larger selection. 
 
Some people have a color vision deficiency. In the population it is approximately 8.4%. [Lindberg, 2004]. The 
two color tests used at STFI are Ishiara’s Test for Color Blindness and the Farnsworth-Munsell 100-Hue test. 
During the subjective test it was assumed that all people in the test group had perfect color vision. During the 
subjective test, no color test was made. 

2 An explanation of the four mentioned quality factors 
To give some background about the parameters used in the thesis some theory about them will follow. It is not 
easy to draw a clear line between the different factors, when they sometimes very much are linked into each 
other. 

2.1 Print mottle 
Print mottle is variations over multiple dots, and it may not be due to the dot design. It can be caused by fibers or 
texture. [Sharma, 2003, p. 418] Print mottle is the same as lateral unevenness in density. In other words, if the 
level of the absorbed ink and the fixation of the colorants are not equal over the paper surface, print density will 
arise and so will also print mottle. [Norberg, 2004, p. 61] The notation of gloss mottle (meaning laterally varying 
gloss) is also included in the conception print mottle.  [Johansson, Lundby, Lindberg, & Nyström; 1999, p. 137] 
Print mottle is harmful to the print. Print mottle is a notation of the common result of the affects on the image 
from all involved disturbing noises or other operations. The end-user values a picture that is more positive, if the 
homogeneous regions look like a visual unit. [Lindberg, 2004, p. 15] Variations in lightness in a surface that are 
supposed to be uniform can be defined as “print mottle”. [Fahlcrantz, Lindberg, p. 1] In the same way as it is all 
right to describe a region to be red or green, a region could be described to have a mottled character. 
Homogenous areas and midtone areas are regions where print mottle mostly exists. Mottle can often be 
characterized as randomly distributed noise, but it is emphasizing the lower frequencies more than the white 
noise. In many situations the stochastic noise is conducted by periodic components, such as bands, streaks, and 
more complex textures introduced either in the papermaking process or in the printing chain.  
 
The eyes’ superb talent to detect patterns makes systematic print mottle much more vivid than random 
disturbance in print. [Fahlcrantz, 2002, p. 1] Stripes and patterns in print are far from new. By the entrance of the 
digital print technique the problem became more apparent. Since the printing process occur in cycles, the errors 
tend to be periodic. Systematic print has a diversity of variety; mottles are gratings, bandings and steaks of 
various kinds. More complex textures as oriented stochastic noise can also be included in the notation print 
mottle. It is tricky to find a suitable measure to apply in a picture, to sort out its quality and its possible influence 
from disturbing print mottle. In ISO 1996, print mottle is defined as “random fluctuations in blackness generally 
at frequencies lower than 1 cycle/mm” (corresponding to a wavelength larger than 1 mm). [Johansson, 1996, p. 
20] Fluctuations are here the same as graininess. Figure 1 shows an image with print mottle. 
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Figure 1: An image with noise  
Noise was blended into the test images, here at an exaggerated level. (Scanned with permission from Lindberg, 
2004) 

2.2 Color gamut 
A definition of color gamut in simple words would be “outer boundaries of the available range of colors”, or by 
other words, the range of colors a device can possibly reproduce. [Norberg, 2004, p. 14] When printing 
something on a paper, the resulting color gamut in the print depends on the printer’s ability to reproduce a 
certain range of colors. Therefore the combination of color gamut of the used paper and printer will constitute 
the basis of the color content of the reproduced image. The inks and the halftoning method affect the color gamut 
of a printing device. The shape of the color gamut is of importance as well. A way to find out the color gamut is 
to measure the spectral reflectance on IT8.7/2 test targets. [Lindberg, 2004, p. 45]  The Color chart IT8.7/2 is 
shown in figure 2. 
 

 
Figure 2: Color chart IT8.7/2 
 
The color gamut could be explained as how much of the space in CIE L*a*b* space is used. The CIE L*a*b* 
space is shown in figure 3. To get a rough approximation about the size of the color space, six tetrahedrons can 
be drawn together to constitute the size of the color gamut. These tetrahedrons are drawn with help of the CIE 
L*a*b*-values from the primary and secondary colors: cyan, magenta, yellow, red, green and blue and the color 
white and black. In appendix 10 the color gamuts and the calculated volumes are shown. 
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Figure 3: The CIE L*a*b* space 
 

2.3 Color shift 
To analyze color rendering in printing processes it is significant to use a comprehensive test model. [Klaman, 
2002, p. 84] The distance between two color stimuli in the CIE L*a*b* (called Euclidean distance) is denoted 

. [Sharma, 2003, p. 31] Equation 1 shows the notation of the Euclidean distance. LabE *∆
 

222 *)(*)(*)(* baLE Lab ∆+∆+∆=∆   (1) 
 
The goal with CIE L*a*b* was that the color shift in pictures were supposed to be perceptually uniform in all 
color spaces. [Klaman, 2002, p. 18] Unfortunately, it did not achieve this. That is why another notation of color 
difference was developed, equation 2: 
 

2
*

2
*

2
94 )()()*(*

HH

ab

CC

ab

LL
Lab Sk

H
Sk

C
Sk
LE

∆
+

∆
+

∆
=∆   (2) 

1=LS  
*045.01 abC CS +=  
*015.01 abH CS +=  

 
The parameters ,  and  are used to adjust the amount of lightness, chromacity and hue involved 
according to different viewing conditions. An aspect to consider when measuring color in print is if fluorescence 
paper is used. Fluorescence paper absorbs energy in one area, and reflects energy with longer wavelengths from 
other areas. Two of the main reasons for discrepancy in color gamuts are differences in the colors and in the 
behavior of the light scattering of the substrate. [Zawacki, 1999] Another way to handle the problem with 
measuring the color differences is CIEDE2000. [Lou, Cui, Rigg; p. 2001] As in 

Lk Ck Hk

94*LabE∆ equation, lightness, 
chroma and hue are included in CIEDE2000. Additionally this newer formula has a factor between chroma and 
hue differences for improving the performance of blue colors and also a scaling factor for CIE L*a*b* who 
ameliorate the performance of gray colors. [Luo et al., p. 340] These formulas are far too complicated to be 
explained or to be used in this report. For further reading about CIEDE2000, see Sharma. [Internet, Sharma, 
2004]  
 
In offset print technology (the principle is rather similar to digital print) a visual match between two color 
images can be specified by means of the CRF (cumulative relative frequency) curve and it can be calculated by 
statistics. In addition, a visual match between two color images imposes a tighter colorimetric tolerance than the 
process conformance as specified by solid ink density and dot gain. [Chung, 2001] It is important to never forget 
that what the observer actually sees is always the absolute truth for him/her, no matter what a technical 
instrument says about the color gamut. [Klaman, 2002, p. 72] Several methods are described to perform 
comparisons between color gamuts. It can be done by determining the maximum common gamut, by comparing 
the total areas of the gamuts. For more examples, see Klaman. [Klaman, 2002, p. 73] 
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A measure called “Just Noticeable Difference”, abbreviated JND, tells the limit for the observer to detect a 
change in color. To observe a difference in color, LabE *∆  must be around 2.3. [Mahy, Eyckden, Oosterlinck, 
1994, p. 105-121]  Color shift is the difference in amount of ink, i.e. the rate of density. An examination of the 
relation between “acceptability” of color prints and color differences in pictures at controlled density values was 
made. [cd. Bassemir, Costello, Di Bernardo, DiPiazza, Kuna, Paulius, Rybny, and Zawacki, 1995] The average 
perceptual tolerance regarding complex digital reproduced images for color shifts was = 2.2, with a 

range of =1.6 to 2.6. The findings from the tests were that the acceptance of hue shift is dependent on 
the depicted scene as well as the specific hue. The “detection” of a color difference was found to vary with the 
hue within a range from = 0.6 for red to 

LabE *∆

LabE *∆

LabE *∆ LabE *∆ = 5 for yellow. 
 
The degree of chromatic deviation from the optimal condition (no over- or underinking in the image, 
the ink level is put to std.) corresponded to the decrease in perceived naturalness in the case of excessive amount 
of cyan, magenta or yellow. No such relationship is discernible when it comes to underinking. When it comes to 
color shifts it matters what color is involved in a color shift. [Lindberg, 2004, p. 11] Changes in the colors brown 
and gray is much faster detected than for other colors for prints made on glossy paper. 90 % of the test persons in 
Sivs test detected the hue difference in the brown and gray colors when 

LabE *∆

LabE *∆  = 1.0 and 0.9 respectively. For 

the colors purple, pink, green, red, orange and blue, the differences were detected for LabE *∆  = 2.0 and for 
yellow at ∆E= 6.0. When a picture is busy, containing several saturated colors, this measure can be between 

 = 3.7 to 5.4. All before mentioned measures about Euclidian distance are regarding offset print. They 
give a hint about the relation between Euclidian distances for some colors even in digital print technology. 

LabE *∆

 
Tests in offset print show that overinked process colors affect the perceived naturalness, but the underinked 
process colors do not. One aspect of judging naturalness in colors is our “memory colors of objects”. [Bartleson, 
1960] Sometimes the observer judges the color appearance of something according to his or her own experience. 
The skin tone of a human being is a perfect example. This did after all not affect the result of the tests very 
much. The test panel was judging the color deviations influenced of the scene content. The tolerance to hue 
shifts was by Attridge found to be scene-dependent. [cd. Attridge, 1996] Color shift can be caused of substrate, 
ink composition or halftoning. [Nordstrom, 2001] 

2.4 Sharpness 
The two most important factors regarding sharpness are the resolution [dots per inch (dpi) or line per inch (lpi)], 
and the edge sharpness. A simple explanation of edge sharpness is that it is the transition between edges, 
which causes an edge to change from one lightness level to another. [Lindberg, 2004, p. 17] The capacity of the 
human visual system to resolve detail is called “visual acuity”. The standard definition of normal visual acuity is 
the ability to resolve a spatial pattern separated by a visual angle of 1 min of arc “(1/60 degree or π /(60*180) = 
0.000291 radians). This is the same as the ability to read the bottom line of a Snellen wall chart at 20 ft. At a 
distance “d”, the size of the smallest resolvable feature size is d*0.000291, which is similar to a feature size of 
0.07 mm at a reading distance of 25 cm. The line screen frequency of 6.88 lines per millimeter or 172 lines per 
inch matches the expectations previously described. Resolution is by far the most important sharpness factor, 
especially when it is varied between 300, 150, and 300 dpi. [Johnson, Fairchild, 2000] The thumb rule is, 
increasing in contrast also increase sharpness. Ink distributed over a rough structured paper affect the perceived 
sharpness. When ink is applied to paper the ink is spread differently, depending of the type of paper. A glossy 
paper leads to a sharp print, and a matte paper to a not so sharp print.  To a certain level of pixel noise, an 
addition of uniform noise increases the sharpness. When the level of pixel noise passes a certain level, sharpness 
decreases. 
2.4.1 Contrast 
The parameters contrast and sharpness are very similar. It is difficult to discern them. After considering the 
problem it was found that the parameter sharpness would be best to use in the subjective test, because the 
notation is more familiar to people and more easy to judge. The parameter contrast was used during the 
measurements, since the formula described is easy to apply to the measured prints. 
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The contrast is mainly the difference between the highest and the lowest value of the density. [Lindberg, 2004,  
p. 12] The value of the contrast does also relate to the degree of separation of different tones in the image. The 
picture, which captures much of the dynamic range, gives a nice perception to the viewer. 
 
The dynamic range of a printed image is the difference between the minimum print density (highlight) and the 
maximum print density regions. Different printing systems can often have different dynamic ranges. [Lindberg, 
2004, p. 12] Unfortunately the dynamic range of the input image often is higher than the dynamic range of the 
output system. Therefore the tonal range must be compressed during the reproduction of the image. The 
compression is somehow built on the principle to keep the most important areas of the image accurate. 
The visual perception of contrast depends a lot of the tonal rendering and detail resolution. The relative contrast 
in an image is affected of the construction of the printing system and its reproducible range and number of gray 
levels. With the use of detail resolution the printing system can produce a high contrast in the fine details in an 
image. 
 
The many parameters that are involved in the printing process (e.g. paper grade, screen ruling, printing 
technique) somehow limits the printing process. [Schirmer & Renzer, 1971] The adjustment of ink film thickness 
is a way to modify image contrast. To set the density values of the process colors (cyan, magenta, yellow and 
black) to a maximum, the image contrast gets more prominent. To achieve the best ink level the Normal Color 
Intensity (NCI) is preferably used. The notation used to get the optimum ink level is  
 

100
80100

D
DDC −

=   (3) 

 
The parameter C in equation 3 describes the relative contrast between a solid area (100 %) and a dark halftone 
area (80 %). When the relative contrast reaches its maximum, it starts to decrease. 
 

3 Preparations 
A subjective test was made, and so were some measurements. The investigation was focused on trying to find 
reciprocals between the subjective tests and measurements. To let the test panel be familiar with the notations 
and the questions asked during the subjective test a document explaining this was sent to them a few days before 
the test. Hopefully they were more prepared when coming to the test, and could focus on answering the 
questions instead of asking about the test. 

3.1 Printing the test forms 
A lot of effort was made on what kind of paper to use. A research was done by getting in contact with some 
printing companies. The conclusion was that for a laser printer it was fine with ordinary 80 g/m2 paper but for 
Inkjet printers preferably a thicker (120 g/m2 or higher) glossier paper should be used. The inkjet manufacturers 
have worked out such an effective co-operation between the printer and the paper that the paper is inseparable 
from the printer. The idea was that all printers should print on the same type of paper, but then the quality on the 
prints from the inkjet printers would have been bad. After some discussions with Sasan Gooran the conclusion 
anyway was that all printers should have the same ground condition and the same kind of paper was decided to 
be used on all printers. It is of no interest what kind of printer used in the test. Therefore the printers was just 
named Printer1-6. The most imprtant was it was much difference between some pictures, to make it easier to 
find interesting connections between the subjective test and the calculations. 
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Figure 4: The way the images were put on the subjective test 
(Image1, Image2, Image3, Image3 and Image4 are shown in appendix 4-7 and the reference images are shown in 
figure 4). 
 
The first prints were made with six different digital printers printing Testform1 and Testform2. Testform1 
consisted of the four types of images Image1, Image2, Image3 and Image4, which is shown in figure 4. (and also 
illustrated in appendix 4-appendix 7, and explained in chapter ‘3.3 Images’) and Testform2 (similar to the one in 
appendix 8). The images in Testform1 were carefully chosen to represent a great variety of different types of 
motifs. Four variants of the images (Image1, Image2, Image3 and Image4) were printed on Testform1 on the 
printers Printer2-Printer6. Then the images were cut out and placed and scotched on A4 papers. On one A4 paper 
all the five prints of Image1 were placed, on another A4 paper all images of Image2 were placed, and so on (see 
appendix 4-appendix 7). The images were taken from the pdf document ‘Altona_Visual_1v2a_x3.pdf’ at the 
website for European Color Initiatives on http://www.eci.org/ (visited 10/20/2004). European Color Initiative 
(ECI) is a group of experts, working in the area of device independent processing of color data in digital 
publication systems. An 80 g/m2 ordinary copy paper and a 120 g/m2 Hightech Office Copy Inkjet paper were 
used to do the prints. 
 
Unfortunately Testform2 was not good enough since the scanned test chart IT8.7/2 consisted of some bad colors, 
therefore these prints became unacceptable. Testchart IT8.7/2 was rescanned and a new Testform2 (see appendix 
8) was made. Testform1 and Testform2 were printed once again on the six digital printers. On one of the printers 
(in the thesis called Printer1) a thick high glossy paper was used, its prints were later used as reference images in 
both the subjective test and in the measuring part. For the other five printers a Hightech Office Copy Inkjet paper 
120 g/m2 was used (called Printer2-Printer6). 

3.2  Subjective test 
It was important to get a test panel consisting of about ten people that was rather experienced in judging image 
quality. People working at the Department of Science and Technology (ITN) and people studying at any of the 
civil engineering programs in Norrköping attended the test. Eleven people came to join the test. The age of the 
people varied between 22 and 50 years. Eight of them were men and three of them were women. Two kinds of 
questions were to be answered; category I (which contained question 1-3) concerned what the test people 
thought about the quality of the images, category II (question 4-6) contained a comparison between each image 
and the corresponding reference image. The reference pictures were printed with Printer1. 
 
The areas covered in the tests: 
 
Category I 
Question 1: The general quality of the image 
Question 2: The amount of print mottle in the image 
Question 3: The size of the color gamut in the image 
 
Category II 
Question 4: The size of color shift in the image 
Question 5: The amount of sharpness in the image 
Question 6: The general quality of the image 
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Testform1 was printed with Printer2 - Printer6. The reference images used in question 4-6 were printed on a 
thicker, glossier paper (the images chosen are shown in figure 4). It was of great importance that the test should 
be made in the same room, with the same light conditions. The span of grading was set between zero and twenty 
(twenty-one steps). It would have been useful to have a rather large grading scale, and then the people in the test 
panel would have had the possibility to grade in many steps. A large scale makes it possible to scale down the 
test person’s marks, with a small scale it would be impossible to scale up the grades. The answers from the test 
(the average values) are shown in appendix 2. A schematic view of the images used in the subjective test is 
shown in figure 4. To simplify the writing through the thesis, Q1 will be the abbreviation for question 1, Q2 for 
question 2 and so on. The grading principle is that an image with good quality should get a high grade, and an 
image with bad quality should get a low grade. Calculations of the standard deviations of the average grading 
values were made (see appendix 3). Unfortunately nothing useful was found in those calculations. 

3.3 Images 
Four images were chosen to be used in the subjective test. An analysis of the chosen images (the motifs are 
shown in figure 5) will follow below. 
 
Image 1 
The image of a woman’s face. The human vision is very sensitive for human skin tones, and it knows exactly 
what it should look like. Even subtle color changes can be noticed in this image. 
 
Image 2 
An image with white background, a very glossy grater screw and ladle, a mobile telephone, brushes, a belt and 
more. Neutral colors are almost impossible to reproduce without color shift. It is common that even small color 
differences in print cast can suddenly appear even if the ink adjustment is very small. The tonal reproduction was 
also tested; the high key (the white carpet), and the low key (the black belt). 
  
Image 3 
The image is full of fruits of all different colors. In the background a blue felt is visible. The color reproduction 
was checked in this image, and so was the color accuracy of highly saturated colors. 
 
Image 4 
At the bottom of the image there are some kind of brown gravel. There is an egg that lays on a bunch of sprigs in 
the middle of the picture. In the upper part of the image, from the left hand side to right hand side lays a trunk, 
and in the lower left corner lays a piece of wood. The correct tonal distribution in dark areas is shown in the 
image. Sometimes, when the color is brown and it is a minor error in process color ratio, the shades can react 
very sensitively. 
 
The images were cut out from the pdf document “Altona_Visual_1v2a_x3.pdf”, and unfortunately a gray border 
belonged to each image. Maybe it did affect the perception of the images. It might have been easy to detect 
which printer had a certain color of the border. It was of great importance the randomly placement of the images 
in the print (appendix 4-7) that were shown to the observers did not know which printer printed which images. 
Hopefully the border did not influence that much on the people in the test panel. The reason why the gray border 
was not cut out was because it was useful when scotching the images on the A4 paper (as is shown in appendix 
4-7). It was important not covering the images with scotch. 
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Image1 Image2 

 
Image3 Image4 

 
Figure 5: The reference images used in Q4-Q6 
Unfortunately Image1 and Image4 were not useful for the subjective test, since they were all too dark. The idea 
was that the reference images should be better than the images the test panel was asked to observe (see appendix 
4-7). 
 
Unfortunately not all of the reference images were good. The reference image for Image1 was very bad, since 
the hair of the woman was sort of smoothed out and consisted just of one color where her hair parted, it was not 
possible at all to discern any single hair there. The reference image for Image4 was too dark, almost all people in 
the test panel remarked that it was impossible to compare to that image. The reference images for Image2 and 
Image3 were good, and could be used in the investigation.  

Even if each printer just prints four types of images, the spread of motifs in them makes the selection of images 
rather representative for possible images to print. The very different types of motifs give some dignity to the 
investigation.  

3.4 Investigations made after the subjective test 
A Gretag Spectrolino was used to measure Testform2. It is a machine that with an automatically moving head is 
able to measure the color on a defined rectangular area. The values for L* (lightness), a* (amount of red or green 
color), b* (amount of yellow or green color) and the reflectance values or even more values can be chosen to be 
received. At first, a calibration was made of the Spectrolino by choosing the white paper of the printed 
Testform2 as a white reference point. Later on, this was found not to be a good idea. It was not clear what really 
was a white reference point, since the color white differs a little from one white paper to another. Instead new 
measurements were made, where the built-in white reference point in the Gretag Spectrolino was used. The 
measured values from these measurements were being more useful in the work. 
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3.5 Calculation of correlations 
To discover if there were any connections between the general quality and the parameters print mottle, color 
gamut, color shift (compared to a reference image), sharpness (compared to a reference image) and the quality 
compared to a reference image, the correlations were calculated (see appendix 9 for mathematical explanation of 
correlation calculations). 

3.6 Correlation values for all variants of all types (220 of each) 
First a calculation of the correlation for all 20 images and the 11 test persons was made. Totally it is 220 answers 
(20*110=220) for each of Q1-Q2, Q1-Q3, Q1-Q4, Q1-Q5 and Q1-Q6. Table 1 shows the result from these 
calculations. As mentioned in appendix 9 the correlation coefficient should be above the value 0.6 if there is a 
correlation. In table 1 all values are far below 0.6, thus no correlation exists. The result proves that the 
correlation is image dependent. 
 

 Q1-Q2 
General quality 
with respect to 
amount of print 
mottle 

Q1-Q3 
General quality 
with respect to 
amount of color 
gamut 

Q1-Q4 
General quality 
with respect to 
amount of color 
shift in 
reference image

Q1-Q5 
General quality 
with respect to 
amount of 
sharpness in 
reference image 

Q1-Q6 
General quality 
with respect to 
general quality 
in reference 
image 

Correlation 
Im1-Im4 

0.375 0.331 0.090 0.301 0.350 

Table 1: Correlation values for all variants of all types (220 of each)  
The correlation values for all images and for all test persons between Q1-Q2, Q1-Q3, Q1-Q4, Q1-Q5 and Q1-
Q6, respectively. 
 

3.7 Correlation values for all variants of each type (55 of each) 
The correlation coefficient values were calculated with respect to each type of image. The test panel (11) and all 
images of each type (5) constituted an amount of 55 (11*5=55) answers to explore for each question. The results 
from these calculations are shown in table 2. 
 

 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Correlation 
Image1 

0.411 0.388 0.186 0.378 0.351 

Correlation 
Image2 

0.399 0.294 -0.024 0.226 0.171 

Correlation 
Image3 

0.459 0.5978 0.080 0.348 0.539 

Correlation 
Image4 

0.088 0.135 0.262 0.293 0.346 

Table 2: Correlation values for all variants of each type 
The correlation values for each type of image and for all test persons between Q1-Q2, Q1-Q3,  
Q1-Q4, Q1-Q5 and Q1-Q6, respectively. 
 
 
Only two values are close to the value 0.6, the values 0.598 and 0.539 on the row belonging to Image3. The 
former value shows that the quality of an image with a motif with colorful fruits is related to the color gamut. It 
sounds reasonable that the color gamut of Image3 is related to the perceived quality of the image. The conclusion 
of the latter value is left aside for now. 
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3.8 Correlation values for all variants of each image (11 of each) 
Then the calculation for each image was done. The table became a bit too large to display here, so it can instead 
be seen in appendix 11. The values are ordered per printer according to what image is printed by which printer 
(see appendix 11). Especially one correlation value is very interesting, the one for Printer4 with the value for Q1-
Q5 of Image1b, which is 0.9585. No correlation value is even close to this high value. Unfortunately it is useless, 
since the reference image for Image1 is so bad. Nothing at all can then be said about Q5 in this case. 
 
The correlation coefficients can be ordered in a different way, by motif (see appendix 12). It might be interesting 
to see if there is any connection in between each type of image. 

3.9 Measurements 
The objects in Testform2 were measured with a Gretag Spectrolino (figure 6) with the CIE Standard Illuminant 
D50, the 2° 1931 CIE Standard Observer and Ultraviolet light. D50 has a correlated color temperature of 5000 
Kelvin. Testform2 (see appendix 8) consists of a scanned color chart IT8.7/2, some color ramps (the colors are 0 
to 100 percent) and some tone plates with 80 and 100 percent, respectively. The tone plates of 100 and 80 
percent can be used to calculate the contrast. When using the Gretag Spectrolino all information from the 
measure was written in a txt-file. Although some density values were found in the txt file, they were of no use, 
since it did not make any sense how to use them. Instead the density values were brought by a calculation of the 
average value for the reflectance values (see appendix 14). 
 

 
Figure 6: The Gretag Spectrolino 
 

4  Investigations made after the subjective test 
Calculations of the average marks of the grades for Q1-Q6 were made. Both average values for printers and for 
each type of image motif were computed. No calculations were made for Image1 and Image4, since the 
belonging reference images were too bad (see chapter “10.3 Images”). Thus, there are no calculations of Image1 
and Image4 with respect to average mark per printer for Q4-Q6. For Q4 to Q6 and table 9 to table 14 only 
Image2 and Image3 are included in the calculations.  

4.1.1 Q1, general quality 
In table 3 the average marks from the subjective test are shown. 
 
Printer Printer2 Printer3 Printer4 Printer5 Printer6 
Subjective 
average mark 

14.4318 12.6363 11.6363 10.2273 12.3638 

Table 3: The average mark for Printer2-Printer6 with respect to Q1 
 
It is interesting to note the ranged order between the printers in table 3. In decreasing order the general quality 
for the printers are: Printer2, Printer3, Printer6, Printer4, Printer5. It is about four units between the printer with 
the best mark (Printer2) compared to the one with the lowest mark (Printer5). The greater difference, the higher 
probability to find any explanation to why a printer is better than another. 
 
Image Image1 Image2 Image3 Image4 
Subjective 
average mark 

11.6000 12.1636 12.2726 13.0000 

Table 4: The average mark for Image1-Image4 with respect to Q1 
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In table 4 the decreasing order of the general quality for the images is: Image4, Image3, Image2, Image1. It is 
not good that there is not a larger interval between the marks of the images. When the marks are so similar it 
makes it more difficult to find any connections. 

4.1.2 Q2, print mottle 
Printer Printer2 Printer3 Printer4 Printer5 Printer6 
Subjective 
average mark 

16.2500 14.6815 12.7940 9.0453 10.8410 

Table 5: The average mark for Printer2-Printer6 according to Q2 
 
The marks of table 5 are rather spread. The images printed with Printer2 in some way appear to have little print 
mottle, and images printed with Printer5 has a lot of print mottle. Unfortunately there are no measurements made 
to compare these figures. It was not the best image to look for print mottle in. It would have been better to use an 
image with an evenly distributed color instead. The test panel would then have had an easier task to judge the 
quality with respect to print mottle. 
 
Image Image1 Image2 Image3 Image4 
Subjective 
average mark 

11.2180 12.9457 12.1450 14.5810 

Table 6: The average mark for Image1-Image4 according to Q2 
 
Table 6 shows that there is a small difference between the grades of the images. 

4.1.3 Q3, color gamut 
In table 7 the subjective value of Q3 is compared to the measured values for the color gamut. See appendix 10 
for prints and calculations for color gamut for Printer1-Printer6. 
 
Printer Printer2 Printer3 Printer4 Printer5 Printer6 
Subjective 
average mark 

14.7275 15.1363 11.5453 13.9545 13.2273 

Measured 
color gamut 

1.9423e+005 1.6573e+005 1.1648e+005 1.5122e+005 1.4999e+005 

Table 7: The average mark and the color gamuts for Printer2-Printer6 with respect to Q3 
 
Note in table 7 that the printer with the highest perceived average mark (Printer3) did not have the greatest color 
gamut value. Printer3 got an average value of 15.1363 and Printer2 an average value of 14.7275, which is quite 
close. The printer with the lowest perceived average mark, Printer4 (with an average mark of 11.5453) got the 
smallest color gamut by far. I.e. when looking at the extreme cases (an image with a high perceived quality 
compared to an image with a low perceived value) it is clear that the color gamut affects the perception of an 
image. 
 
 
Image Image1 Image2 Image3 Image4 
Subjective 
average mark 

12.8544 13.9818 13.5456 14.4908 

Table 8: The average mark for Image1-Image4 regarding Q3 
 
In table 8 it is shown that the different images are very similar when it comes to color gamut.  

4.1.4 Q4, color shift 
Printer Printer2 Printer3 Printer4 Printer5 Printer6 
Subjective 
average mark 

9.3180 8.8180 6.9090 7.3180 8.4090 

Measured 
color shift 

10.667 14.298 16.178 15.507 17.377 

Table 9: The average mark for Printer2-Printer6 regarding Q4 
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In appendix 13 the calculation of the color shift is shown. An idea was that the color shift value co-operated with 
the received sharpness value in a way that a low color shift value gave raise to a high mark for Q4. Look in table 
9 and first look at Printer2 (with the lowest color shift value of 10.667), it also gets the highest mark (9.3180) for 
the general quality with respect to color shift. The second lowest color shift value 14.298 has the corresponding 
perceived mark of 8.8180 (which is the second highest perceived value). So far it is proved that a low color shift 
value gives raise to a high value on Q4. When it comes to the third lowest color shift value (15.507) the 
perceived color shift value do not follow the idea and is the third highest color shift value (7.3180 is the fourth 
highest value). Then the following figures will not be all right either. Maybe it is just a coincidence it follows the 
pattern for Printer2 and Printer3. 
 
 
Image Image1 Image2 Image3 Image4 
Subjective 
average mark 

- 9.2908 9.2362 - 

Table 10: The average mark for Image2-Image3 regarding Q4 
 
The average values in table 10 are almost the same. No conclusion can be drawn out of this. 

4.1.5 Q5, sharpness 
It was difficult to find a way to get a value for the sharpness. An idea came up that sharpness in some way is 
similar to contrast (which is described in chapter “2.4.1 Contrast”). That is a way to try to look for relations 
between the subjective perception and the calculated contrast value. 
 
Printer Printer2 Printer3 Printer4 Printer5 Printer6 
Subjective 
average mark 

13.500 13.3180 11.0455 8.0910 10.1820 

Measured 
contrast value 

0.3812 0.4440 0.4211 0.3922 0.3725 

Table 11: The average mark for Printer2-Printer 6 with respect to Q5 
 
In appendix 14 there are calculations of the contrast. Printer2 got the highest perceived average mark (13.500), 
and had a contrast of 0.3812. This was considered being wrong. Instead consider Printer3 (which has almost the 
same average mark, 13.3180) and find the contrast value of 0.4440. Compare this to Printer5 (with the lowest 
perceived average mark of 8.0910) and its contrast value of 0.3922. It is quite a big difference between the 
contrast values, 0.0518 units. The conclusion is that for the extreme cases the contrast value has some connection 
to sharpness.  
 
The contrast value for the reference printer (Printer1) is 0.45771. It is clear that the images printed with Printer1 
(the reference images shown in figure 4), are very sharp. The reference images for Image1 and Image4 are 
unfortunately all too dark, thus the sharpness becomes less significant. The contrast can be used as a measure for 
sharpness as long as the image does not consist of too much low keys (like shadows or even distributed color 
which is close to dark color). Low keys for Image1 means the dark jumper that the woman wears and her hair. 
Low keys for Image4 means the brown gravel and the bunch of sprigs. Example of a low-key spot in the 
reference image of Image2 is the black belt. Its area of the total image was so small, that it did not affect the 
perception of the sharpness. The reference image of Image3 consists of a pot with some content, which looks just 
black. But in this case it is also in minority of the images total area, thus it does not affect the sharpness. 
 
 
Image Image1 Image2 Image3 Image4 
Subjective 
average mark 

- 11.3818 11.0728 - 

Table 12: The average mark for Image2-Image3 with respect to Q5 
 
Table 12 shows a similar subjective average mark. The values are quite the same. 
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4.1.6 Q6, general quality with respect to reference image 
Printer Printer2 Printer3 Printer4 Printer5 Printer6 
Subjective 
average mark 

10.4545 14.6365 7.9540 7.2270 8.9090 

Subjective 
average mark 
from Q1 

11.6000 12.1636 12.2726 13.0000 11.6000 

Table 13: The average mark for Printer2-Printer6 with respect to Q6 
 
In table 13 it is possible to investigate if the marks from Q1 are similar to the ones in Q6. There are no 
similarities between the subjective average answers.  
 
Image Image1 Image2 Image3 Image4 
Subjective 
average mark 

- 10.2362 9.4362 - 

Table 14: The average mark for Image2-Image3 with respect to Q6 
 
Table 14 shows that less than 1 unit differs between the average grades. It is difficult to draw any conclusions 
out of this. 

4.1.7 Conclusion 
Examine the tables showing average values from the printers, with focus on the extreme case (Printer2 and 
Printer5). For Q1 the difference was four units (14.4318-10.2273=4.2045). The figures for the remaining 
questions showed greatest difference for Q2 (print mottle, seven units) and Q5 (sharpness, five and a half units). 
If there is an extreme case of Q1, there are also extreme cases for Q2 and Q5 respectively. 
 
Q3 shows that for the extreme cases the color gamut to a high degree influence the perceived quality.  
A large color gamut raises a high-perceived average value for color gamut, and a small color gamut raises a low 
perceived average value for color gamut. 

4.2 Examination case A 
There will be too many cases to explore if all the possible combinations of images and parameters should be 
compared, therefore the focus will be on just a few images. Some images will be compared under the headline 
‘Examination case…’. The images used for comparing are either perceived very similar or have a very different 
average value in Q1. Then an investigation will be made to compare the results from the subjective test, the 
measured values and the calculation of the correlation coefficient. The images in this case are chosen have a 
great difference in Q1. This is the case for Image3a and Image3b.  

4.2.1 The questions 
Examination of images shown in figure 7 and figure 8. The test panel graded the general quality very different 
for these images (14.182 and 9.818, respectively, see Q1 in appendix 2). Obviously the prints were very different 
and it was for example no doubt (when observing the images) that there was a great difference in produced color 
gamut. 
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Figure 7: Image3a  

Figure 8: Image3b 
 
 
An investigation was made between the images regarding Q1-Q6. All values for Q1-Q6 comprehend all eleven 
answers for each questions, i.e. the average values are used. 
 
Q1, the grades for general quality from the subjective test for Image3a and Image3b were as mentioned above 
rather different, it differs about four units. There must have been one or more features that were making this 
difference. The parameter Q1 was not possible to measure. 
  
Q2, the grade for the general quality regarding print mottle for Image3a and Image3b are 17.636 and 10.363, 
respectively (see Q2 appendix 2). It differs more than seven units, which is a great difference. No value is 
available from the measuring part. 
 
Q3, the quality in the images regarding the parameter color gamut was 18.273 and 10.727 (see Q3 in appendix 2) 
in the above-mentioned order. The difference of 8 units is very large. From the measurements it is known that 
Image3a (printed with printer Printer3, see appendix 1) has 1.6573e+005 volume units and Image3b (printed 
with printer Printer4) has 1.1648e+005 volume units. For color gamut it seems as if the subjective result agrees 
with the measurements. 
 
Q4, the quality in the images with respect to the parameter color shift was 14.727 and 7, respectively (see Q4 in  
appendix 2). Appendix 13 shows that the average calculated values for Printer3 and Printer4 are 14.298 and 
16.178. Once again the figures point out that Image3a has a higher value compared to Image3b. A low color 
shift value indicates that the colors are easier to detect, and this should improve the perceived quality of the 
image compared to an image with a higher color shift value. This was exactly what was the case here. 
 
Q5, the quality in the images according to the parameter sharpness got the grades 13.545 and 11.455 (see Q5 in 
appendix 2), respectively. It is problematic to compare with the measurements, since no calculations are made on 
this. In some ways contrast values seem to be similar to contrast. Printer3 had the contrast value 0.4440 (see 
value for black in appendix 14) and Printer4 had the contrast value 0.4211. It seems realistic that a high contrast 
value gives raise to a high-perceived mark for sharpness. In some ways contrast and sharpness cooperate.  
 
In Q6, 15.273 and 7.454 are the average marks for Image3a and Image3b, respectively (see Q6 in appendix 2). 
Keep in mind that the reference image for Image3 is very sharp, and this concludes a high value for Q6, which 
indicates that the image is very sharp. Value 15.273 indicates that Image3a is very sharp and the value 7.454 
indicates that Image3b is not sharp at all. 

4.2.2 Discussion 
A large difference of the average marks for Q1 leads to a large difference in the marks for Q2, Q3, Q4 and Q6. 
Maybe sharpness (Q5) is not so important when the motif is very colorful. A great difference in color gamut 
results in a large difference in perception of color gamut.  

  22(60)



A Review of Perceptual Image Quality  Jonas Petersson 
 

4.2.3 Correlation 
Each test person answered six questions for each image, and the number of test persons was eleven. Thus, each 
image gets 66 (6*11=66) answers. A calculation of the correlation coefficient for Image3a and Image3b gives 
the value 0.0414. There is definitely no correlation between the images. 

4.2.4 Color investigation 
Somehow a strategy must be included in the algorithms to make the basis for how a unit reproduces colors (in 
this case a digital printer). R.W.G. Hunt was working for many years in the field of color rendition and image 
quality in photography and television. [Hunt, 1987, 2002] He summarized the requirements for a successful 
color reproduction with the aim to be as pleasing as possible. This is his proposed parameter in decreasing order: 
 

1. Correctness of hue 
2. Correctness of lightness (tone reproduction) 
3. Colorfulness proportional to that in the original 
4. Colorfulness and brightness the same as the original 

 
The question is what strategy is used in each of the printers that printed the images used in the subjective test. 
It is difficult to know which strategy each printing manufacturer use, or if they follow the same strategy. This is 
not known in the thesis. It is important to keep in mind that one printer may focus on reproducing e.g. colors 
according to lightness and another to hue. It might differ which parameters a printer is focused on. 
 
The grapes, the lemons and the strawberries in Image3a seems to consist of more saturated color. In figure 9 the 
color gamut of Printer4 (1.1648e+005 volume units) is shown, and in figure 10 the color gamut for Printer3 
(1.6573e+005 volume units). It is difficult to see from just one angle, but the shape of the color gamut in figure 
11 does look a bit bigger than the color gamut in figure 10. 
 

 
Figure 9: Color gamut of Printer 4 

 
Figure 10: Color gamut of Printer3 

 
 
The figures 11 and 12 show the a*b*- cross section areas for Printer4 and Printer3 respectively. The six corners 
of the a*b*-area belongs to the colors (starting from the corner laying on the positive a*-axis, and going round 
anti-clockwise) magenta, red, yellow, green, cyan and blue. When mentioning ‘next corner’ in this essay, it 
means the next corner coming in anti-clockwise direction. The longer out on respective color-axis, the more 
saturated is the color. 
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Figure 11: a*b*- plot for the color gamut of Printer4 

 
Figure 12: a*b*- plot for the color gamut of Printer3 

 
The two color gamuts for Printer4 and Printer3 were plotted in Matlab. Figure 13 shows the angle when looking 
from above at the a*b*-plane. This is indicating that the color gamut of Printer3 is larger than the color gamut of 
Printer4. For all colors, except for blue, Printer3 seems to have more saturated colors than Printer4. 
 

 
Figure 13: Zoom in the a*b*-plane. 
The area of Printer3 is the larger area reaching a bit longer on the positive b*-axis and positive and negative a*-
axis. Printer4’s area is the minor area. 
 
Figure 14 illustrates the color gamut appearance from the a*L*-plane. This strengthens that the color gamut of 
Printer3 consists of much more colors in the red-purple color space. This makes the strawberries look more 
reddish in Image3a than in Image3b. On the negative part of the a*-axis it is shown that Printer3 has a greater 
volume for the color green. This makes the green grapes look more colorful in figure 7 compared to figure 8. On 
the lower part of the L*-axis in figures 15 and 16 it is shown that Printer3 contains the darker parts of the colors. 
The blue grapes in Image3a exemplify this. In figure 15 Printer3 obviously owns more yellow colors, which can 
be discerned if looking at the lemons in figure 7 and figure 8.  
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Figure 14: Zoom in the a*L*-plane for Printer3 and 
Printer4.  

Figure 15: Zoom in the b*L*-plane for Printer3 and 
Printer4. 

 
 
The average value of Printer3 is 15.126 and for Printer4 it is 11.543, which is a significant difference. If looking 
at the size of the color gamuts of Printer3 (1.6573e+005 volume units) and of Printer4 (1.1648e+005 volume 
units) it is obvious that the difference is very large. The average value of the printer is comparable with the 
calculation of the color gamut for the specific printer. Both values are related to a certain printer. The subjective 
average measurements of each printer include perceptual values for all images. This represents what the printer 
is capable to print. 

4.2.5 Discussion – color 
For almost all colors Printer3 has a wider spectrum of colors than Printer4. It is very obvious that Printer3 should 
reproduce a much more colorful Image3 than Printer4 does. Theory agrees with practice, when comparing the 
printer’s average marks and the calculated color gamuts. 

4.2.6 On individual level 
The two most experienced “image viewers” in the test panel (Test person 4 and Test person 10) are chosen to 
illustrate how some test people grades the images Image3a and Image3b.  
 
First the grades from Test person 4 will be examined (see figure 16). For Q1 the difference was 12 units, which 
is a very large difference. For Q2 the difference is 10 units, still a very large difference (10 is about half the 
grading scale). When it comes to Q3 it differs 10 units. For Q4 it differs 9 units. When it comes to Q5 it is 11 
units in difference. Finally for Q6 it is 8 units in difference. There is a clear pattern for all cases; it indicates that 
the rest of the test panel in general should give Image3a much higher grades than Image3b. The correlation 
coefficient for Test person 4 is 0.5677, which is not so far away from the limit 0.6, but no correlation can be said 
to exist. 
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Figure 16: Test person 4’s grading for Image3a and Image3b 
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The grades from Test person 10 can be seen in figure 17. For Q1 something odd appears, Image3b got a higher 
grade than Image3a (compared to Test person 4 who gave Image3a twelve more units than Image3b). For Q2 
Image3a got four more units. The difference between Image3a and Image3b in Q3 is ten units. For Q4, Q5 and 
Q6 there are seven, six and eight more units given to Image3a compared to Image3b. The correlation coefficient 
for test person 10 is 0.1066, far away from the limit 0.6. No correlation exists. 
 
If there is a small difference between the grading of the images for Q1, then the difference for Q2 is also small. 
For Test person 4 the difference is large for Q1, and also large for Q2, i.e. the difference between the images is 
the same for Q1 as for Q2. A high difference between the images with respect to Q1 also gives a high difference 
for Q2, and vice versa. Q1 and Q2 are strongly related to each other. Maybe this depends on the great difference 
in color gamut. There is a similar relation between Q1 and Q5. 
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Figure 17: Test person 10’s grading of Image3a and Image3b 
 

4.2.7 Discussion On individual level 
When the image contains a motif of some colorful fruits and it is an investigation between two extreme images, 
Q1 is correlated to Q2 and to Q5. 

4.3 Examination case B 
Here an investigation takes place between two look-alike images, the pictures in question are Image3a and 
Image3d. 

4.3.1 The questions 
The two images look very similar at the first sight, as figure 18 and figure 19 illustrates. They got the grades 
14.182 and 15.636, respectively for Q1. It will be shown that this is not always so easy to investigate. 
 

 
Figure 18: Image3a 

 
Figure 19: Image3d 

 
 
Q1, the mark for general quality (Q1) from the subjective test for Image3a and Image3d are as mentioned above 
very similar. Image3d got a slightly higher value. The parameter Q1 was not possible to measure. 
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Q2, the mark for the general quality according to print mottle (Q2) for Image3a and Image3d are 17.636 and 
14.909, respectively. No value is available from the measuring part. For this parameter Image3a got a higher 
value. 
 
Q3, the quality of the images regarding the parameter color gamut is 18.273 and 14.818 in the mentioned order 
above. From the measurements it is known that Image3a (printed with printer Printer3, see appendix 10) had 
1.6573e+005 volume units and that Image3d (printed with printer Printer2) had 1.9423e+005 volume units. For 
color gamut it seems as if the subjective result agrees with the measurements. It is strange that the image with the 
highest value for color gamut (Image3d) does not receive the highest grade regarding color gamut in the 
subjective test. Thus, when the images are very close in quality the printers color gamut is not the main 
contributing factor for how the human eye perceives the image quality regarding the parameter color gamut. 
 
Q4, the quality in the images regarding the parameter color shift was 14.727 and 8.818 according to the test 
panel. The average calculated values for Printer3 and Printer4 are 14.298 and 10.677. This is contradictory to the 
result in ‘Examination case A’, where the printer with the lowest calculated value of color shift received the 
highest mark. 
 
Q5, the quality in the images according to the parameter sharpness, got the marks 13.545 and 13.182, in other 
words the figures are the same. Printer3 had a contrast value of 0.4440 and Printer4 had 0.4211. The difference 
between the perceived sharpness values is too small to draw any conclusion out of. 
 
Q6, the quality in the images regarding the parameter similarity to the reference image, had the average marks 
15.273 and 9.636, respectively. The difference is very large, which is very interesting. It shows that Image3a 
must be much better also when it comes to sharpness, because the reference image for Image3 is very sharp. The 
mark 15.273 is much more close to twenty than 9.636 is, and Image3a should because of this look much alike the 
good looking reference image. It is strange that it differs so much regarding the answers for Q1 and Q6, 
respectively. It must be very different to judge when comparing to a reference image. When grading the images 
for Q6 the big difference in perceived color shift (Q4) must somehow be involved. But still it seems as if the test 
panel might be judging something else. The issue about what the missing parameter might be seems to be 
unsolved; it might be about details or glossiness. 

4.3.2 Discussion 
It is problematic when investigating two look-alike colorful images of fruit with almost the same value for Q1. It 
is a bit unclear what parameter gives the great difference in Q6. Probably the large difference in perceived color 
shift contribute to the great difference in Q6. Somehow the test panel did not reflect so much about color shift in 
Q1, as they did in Q6 where it was a very sharp reference image to compare to. 
 
To grip the test panels perception of the sharpness it would have been better to zoom in the image so that the 
details would have been more present to the viewer (like in figure 20 and figure 21). The colors of the fruits in 
figure 20 look very saturated. In figure 21 the details of the fruits are very accurate. 
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Figure 20: Zoom in Image3a  

Figure 21: Zoom in Image3d 
 
Consider Image3a and Image3d (figure 18 and figure 19). The details of the fruits are not possible to see as 
intensive. From that distance most colors in Image3a are perceived to have a greater color gamut (especially the 
red strawberries).  
 
In some ways contrast values seem to be similar to sharpness. Printer3 had the contrast value 0.4411 and Printer2 
had the value 0.3812. It seems realistic that a high contrast value gives raise to a high-perceived mark for 
sharpness. Observe that some differences occur between figure 20 and figure 21, which some of the test persons 
did not notice. The general quality regarding the parameter sharpness (Q5) should in all cases be higher for 
Image3d than for Image3a. It is obvious that Image3d has much more details. A zoom on the strawberries for 
example, would show that the surface on the strawberries in Image3a (figure 20) is smoothed out and only 
constitutes of the color red. The details are very vague. On the other hand, the strawberries in Image3d (figure 
21) have a surface with a much higher amount of details, and give much more information about the shape of the 
strawberries. If the details are easier to see, the sharpness should also be perceived as better. As mentioned 
before, no questions about details were set up. In the answers of the test panel, only four of them thought that 
Image3d had better sharpness than Image3a. There is a little chance that there is a greater lightness in Image3a 
that somehow fools the test people that the sharpness is greater in Image3a than in Image3d. It is a minor chance 
it is the color gamut, since (as was mentioned before) the printer for Image3d had a larger color gamut than the 
printer for Image3a. 

4.3.3 Correlation 
Each test person answered six questions for each image. The number of test persons was eleven. Thus, the total 
number of answers per image was 66 (6*11=66). A calculation of the correlation coefficient for each Image3a 
and Image3d gives the value of 0.1370. It is far away from the limit 0.6, no correlation exist between the grades 
for Image3a and Image3d. 
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4.3.4 Color investigation 
The color gamuts for Printer3 (1.6573+005 volume units) and Printer2 (1.9423+005 volume units) are illustrated 
in figure 22 and figure 23. 
 

 
Figure 22: Plot of the color gamut for Printer3  

Figure 23: Plot of the color gamut for Printer2 
 
Figures 24 and 25 shows the a*b*-planes for Printer3 and Printer2, respectively. The areas seem to be quite 
similar. 
 

 
Figure 24: a*b* plot of the color gamut for Printer3 

 
Figure 25: a*b* plot of the color gamut for Printer2 

 
Figure 26 shows how it looks when both gamuts are plotted in the same coordinate system. Printer2 seems to 
consist of the same amount of red as Printer2, but with less colors of magenta, blue and cyan. 
 

 
Figure 26: Zoom in a*b*-plane for Printer2 and Printer3 
The area of Printer2 is the larger area reaching a bit more far to the positive and negative b*-axis and positive  
a*-axis. Printer3’s area is the minor area. 
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In figure 27 the gamuts of Printer2 and Printer3 are shown in the a*L*-plane. In figure 28 the gamuts of Printer2 
and Printer3 are shown in the b*L*-plane. Figure 28 strengthens that Printer3 produces a less amount of 
magenta; probably this is why for example the strawberries look more reddish in figure 18 than in figure 19. In 
figure 26 and figure 27 the color gamut of Printer3 has a larger volume in the green color space. It can be the 
reason why the green grapes look more green in Image3a than in Image3d. 
 

Figure 27: Zoom in the a*L*-plane for Printer2 and 
Printer3. 

Figure 28: Zoom in the b*L*-plane for Printer2 and 
Printer3 

 
A further discussion about the strange discovery about color gamut (Q3) will be covered here. In this chapter it 
was intuitive to analyze the figure 22-28. Even if the printer that printed Image3d (Printer2) got a larger color 
gamut than the printer that printed Image3a (Printer3), Image3d did not perceive the greatest mark for Q3. 
According to Reiner Lenz [Lenz; 2005] it is probably wrong making the discussion of reproduced colors just 
comparing the color gamuts for the printers, especially when the printers have similar sizes. Even if one printer 
has a certain color gamut, it does not necessarily mean that the inbuilt algorithms in the printer produce all colors 
it can possibly reproduce for each kind of image. This is also discussed in ‘4.2.4 Color investigation’. It seems as 
if Printer3 for Image3a prioritized saturation. This is obvious if looking at the colors blue, green and red. For 
Printer2 (the printer that printed Image3d) it was more important in the algorithms to keep a high accuracy about 
details. Lenz said that much color reference literature claims that it is a tendency that the human eye perceives 
saturated images having better quality than images with large differences between the outer color points (the 
primary and secondary colors). In Image3a the blue color of the felt, the blue and green grapes, the strawberries 
and the lemons are all more saturated than in Image3d. This is strengthening of what is said in the last chapter on 
the first line in ‘2.3 Color shift’. The question mark for this assumption is that there is no calculated value to 
refer to. It is an assumption made from other literatures and by visually watching the difference between the 
color reproduction in Image3a and Image3d. 
 
If comparing the average values of the printers regarding Q3 Printer2 got the value 14.727 and Printer3 got the 
value 15.136. These values are very close to each other, with only a difference about 0.4 (which is a very small 
value when keeping in mind that the judging scale is between 0 and 20). This also agrees with the similarly 
calculated values for the color gamut of Printer2 (1.9423e+005 volume units) and Printer3 (1.6573e+005 volume 
units). The difference is quite small. I.e. subjective values agrees with measured values. 

4.3.5 Discussion – color 
The conclusion is that the main contributing factor to the greater perceived color gamut in Image3a for most 
colors are because they are more saturated. If the calculated color gamuts are similar, the subjective marks are 
also similar. The theory (calculated color gamuts of each printer) and practice (average percepted values of each 
printer) agrees. 
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4.3.6 On individual level 
It is strange that the image with the greatest color gamut (Image3d) does not perceive the highest average grade 
for Q3. Therefore it is interesting to examine the different grades given by the test people. The investigation of 
Image3a and Image3d will be about studying the answers from Test person 4 (figure 29) and Test person 10 
(figure 30).  
 
Calculating the correlation coefficient value between Image3a and Image3d for Test person 4 gives a value of 
0.8395. I.e. a clear correlation between the grades for the two images. It is important to keep in mind that this 
comparison is only between two images, and with the same test person answering the questions. As figure 30 
shows, the marks for Image3a is higher in five of the six cases (for Q2 the grade was twenty for both of them). It 
is difficult to explain why Test person 4 grades the images in this narrow-minded way. Somehow the person 
thought Image3a was better for almost all categories. 
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Figure 29: Test person 4’s grading for Image3a and Image3d 
 
The answers from Test person 10 (figure 30) were much more varying than the ones from Test person 4. The 
correlation coefficient became -0.0648 for Test person 10. In other words, there was no indication of correlation 
at all. It is interesting to see that Test person 10 perceived the general quality to be much better in Image3d than 
in Image3a (Q1, the grade 17 and 10, respectively). The print mottle (Q2) was a bit better for Image3a compared 
to Image3d, the same with the color gamut (the same pattern as for Test person 4). Test person 4 somehow has 
mistaken Image3a to have a greater color gamut (Image3d:s printer has a 15 % greater color gamut than 
Image3a:s printer). The grades for color shift (Q4) are almost the same as in figure 29. The perception of the 
sharpness (Q5) raises the grading some steps for Image3d. Even this test person gave a higher grade to Image3a 
for general quality regarding sharpness (the green bar on Q5). It is interesting that the two most experienced 
image viewers perceived the sharpness as higher in Image3a than in Image3d, since figure 20 and 21 shows the 
opposite relation for Q5.  
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Figure 30: Test person 10’s grading for Image3a and Image3d 
 

4.3.7 Discussion On individual level 
It is difficult to draw any conclusions from this chapter. In Q1 Test person 4 gave Image3a a better grade than 
Image3d, the same for Q6. Test person 10 gave a higher grade to Image3d with respect to Q1 than to Image3a, 
but the opposite for Q6 (thus, Image3a got a higher grade than Image3b in Q6). Nothing useful can be found out 
of this. 
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4.4 Examination case C 
Two images with the same motif but with a large difference in average mark for Q1 are compared; the pictures 
in question are Image2a and Image2d. No color investigations are made in the chapters ‘4.4 Examination case 
C’, or in ‘4.5 Examination case D’ since the Image2 consists of few colors.  

4.4.1 The questions 
Images Image2a and Image2d got very different gradings for Q1 about general quality (15.455 and 8.727, 
respectively). The images are shown in figure 31 and 32. 
 

 
Figure 31: Image2a 

 
Figure 32: Image2d 

 
 
An investigation was made between the images in the questions Q1-Q6. All values of the questions  
Q1-Q6 comprehends all eleven answers for each questions, i.e. the average values are used. 
 
Q1, the mark for general quality (Q1) from the subjective test for Image2a and Image2d are as mentioned above 
very different. No value is available from the measuring part. 
 
Q2, the mark for the general quality regarding print mottle (Q2) for Image2a and Image2d are 16.272 and 7.727, 
respectively. No values are available from the measuring part. 
 
Q3, the quality in the images regarding the parameter color gamut is 15.364 and 12.182 in the mentioned order 
above. From the measurements it is known that Image2a (printed with printer Printer2) had 1.9423e+005 volume 
units and Image2d (printed with printer Printer5) had 1.5122e+005 volume units. In this case a larger color 
gamut raised a greater perceived value for Q3.  
 
Q4, the quality in the images according to parameter color shift, are 9.818 and 6.818, respectively. The average 
calculated color shift values for Printer2 and Printer5 are 10.667 and 15.507. A low color shift value indicates 
that the colors are easier to detect. In this case it is proved that the lower color shift value gives the greater mark 
for perception of the image regarding color shift.  
 
Q5, the quality in the images with respect to the parameter sharpness, got the marks 13.818 and 8, respectively. 
It is problematic to compare with the measurements, since no calculations are made on this. In some ways 
contrast values seems to be similar to contrast. Printer2 had the contrast value 0.3812 and Printer5 had the 
contrast value 0.3922. The lower contrast value gives raise to the highest perceived sharpness value, which really 
do not make sense. 
 
Q6, the quality in the images with respect to the parameter similarity to the reference image. The marks are 
11.273 and 7.727, respectively. 
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4.4.2 Discussion 
When comparing the features of the two images Image2a and Image2d, the former image got higher grades for 
all subjective average marks.  For Q1 it differs about seven units, and for Q2 about nine units. It is too bad there 
is no measured value for the print mottle. E.g. since Image2 has a motif with rather few colors and rather many 
glossy surfaces, the print mottle affects the perception very much. If there would have been a question in the 
subjective test about glossiness, the grades would probably have been similar to the ones for print mottle. 
 
Calculations of the color gamut and color shift are to the advantage of Image2a. One exception is the calculation 
of the contrast value; Image2b’s printer got a slightly higher value than Image2a’s printer. The difference in 
subjective judgment of color shift is 3 units (9.818-6.818=3). This is quite low when considering that the 
difference in calculated color shift is as high as about 5 units (15.507-10.667=4.84). The size of the color gamut 
affects the perceptual quality a lot; the difference in perceived color gamut is about 4 (15.36-12.182=3.82), and 
the difference in calculated color gamut is 0.4301e+005 volume units (1.9423e+005-
1.5122e+005=0.4301e+005). The difference for Q6 is about 3.5 units (11.273-7.727=3.546). 
 
Summarizing the grading of the difference in average marks for Image2a and Image2d, a great difference for Q1 
also gives a great difference for Q2, Q5 and Q6. It is important to keep in mind what motif is analyzed. It is an 
image with white background, a very glossy grater and ladle, a mobile telephone, brushes, a belt and more. Very 
few colors are involved in the image. The number of colors and the color shift does not affect the perceived 
quality that much. Print mottle and sharpness are very important factors when judging the quality. 

4.4.3 Correlation 
Each test person answered six questions for each image. The number of test persons was eleven. Thus, the total 
number of answers per image was 66 (6*11=66). A calculation of the correlation coefficient between the images 
Image2a and Image2d is 0.3994. This is not close to the limit 0.6, thus no correlation exists between the images. 

4.5 Examination case D 
In this section, two look-alike images will be discussed. The pictures in question are Image2a and Image2b. 

4.5.1 The questions 
The images Image2a and Image2b got similar grading for the general quality (15.455 and 13.909, respectively). 
The images are shown in figure 33 and 34. 
 

 
Figure 33: Image2a 

 
Figure 34: Image2b 

 
 
The images covered in the questions Q1-Q6 will be discussed further here. The values of Q1-Q6 comprehends 
all eleven answers for each questions, i.e. the average values are used. 
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Q1, the question about general quality from the subjective test for Image2a and Image2b is as mentioned above 
very similar. Image2a got a slightly higher value. No value is available from the measuring part. 
 
Q2, the mark for the general quality according to print mottle (Q2) for Image2a and Image2b are 16.272 and 13, 
respectively. It is a quite significant difference. No value is available from the measuring part. 
 
Q3, the quality in the images regarding the parameter color gamut is 15.364 and 14.636 in the above-mentioned 
order. From the measurements it is known Image2a (printed with printer Printer2) had 1.9423e+005 volume 
units and Image2d (printed with printer Printer5) had 1.4999e+005 volume units. The conclusion of this question 
is that even if the difference in color gamut is huge, it hardly affects the perception of color gamut at all.  
 
Q4 concerns the quality in the images with respect to the parameter color shift. It was 9.818 and 9, respectively. 
The average calculated color shift values of Printer2 and Printer6 are 10.667 and 17.377. A low color shift value 
indicates that the colors are easier to detect. In this case it is proved that a lower color shift value gives a greater 
mark for that image. Considering the very small difference in marks between the images, no relation could be 
said to be found. 
 
Q5 concerns the quality in the images according to the parameter sharpness. The marks are 13.818 and 11.364, 
respectively. It is problematic to compare with the measurements, since no calculations are made of this. In some 
ways contrast values seems to be similar to contrast. Printer2 had the contrast value 0.3812 and Printer6 had the 
contrast value 0.3725. A higher contrast value gives raise to a higher perceived sharpness value. 
 
Q6 is about the quality in the images regarding the parameter similarity to the reference image. The marks are 
11.273 and 9.727, respectively. It is interesting to see that the difference between Q6 and Q1 are about the same, 
1.5 units. 

4.5.2 Discussion 
A conclusion of the above investigation is that the color shift does not at all affect the perception of the images. 
Image2a got average mark 9.818 and Image2b got mark 9. When comparing this to the calculated values of color 
shift, 10.667 and 17.377, i.e. there is almost a difference of 7 units. If there were a larger difference between the 
subjective judgments of these two images, the color shift would be conclusive for this type of images. It is about 
the same with the color gamut. Even if the difference in color gamut is 0.4424e+005 (29% of color gamut of 
1.4999e+005 volume units) volume units, the difference in perceived quality with respect to color gamut is only 
0.728 units (15.364-14.636=0.728). The largest perceived difference for any of the parameters was for print 
mottle, about 3 units difference. Unfortunately there is no measured value to refer to for print mottle. The 
conclusion of this is that when the difference in the answers to Q1 was minor, all the other differences were also 
minor; even print mottle and sharpness and the likeness to the reference image. 
 
The Q1 values for Image2a, Image2b and Image2d were 15.455, 13.909 and 8.727. Zooming into the upper left 
area in the Images Image2a, Image2b and Image2d are shown in figures 34, 35, and 36. The average grading 
values for Q1 do not really correspond to what the zoomed areas look like. It seems as if Image2a (figure 35) is a 
few degrees better than Image2b (figure 36) and Image2d (figure 37). Both Image2b and Image2d contains a lot 
of graininess. Image2b is a bit yellowish, and Image2d is reddish.  
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Figure 35: Zoom in Image2a 

 
Figure 36: Zoom in Image2b 

 
 

 
Figure 37: Zoom in Image2d 
 
 
The grades of Image2a and Image2b (15.455 and 13.909, respectively) shows that the general quality should be 
very similar. This does not agree with the reality in figure 33 and figure 34, where the quality seems to differ a 
lot. A calculation of the numerical quantity of the correlation between these two images for all eleven test 
persons gives the coefficient factor 0.5823, which is very close to the limit 0.6. Thus, a correlation can be said to 
exist between the images.  
 
According to Q1 Image2a and Image2d received very different marks. The quality of the images in figure 36 and 
38 seems to differ a lot. The correlation between these images is 0.3994. This proves that no correlation exists. 
Theory agrees with what is seen in practice in this case. 
 
The average values of Q1 for images Image2b and Image2d shows a difference of five units, which is quite a lot. 
Figures 36 and 37 shows that the quality are quite the same. Except from the difference in influence from color 
(yellow and red, respectively). A calculation of the correlation coefficient value between Image2b and Image2d 
gives the resulting factor is 0.6273. It indicates a correlation between these images. 
 
It is clear that the average values for Q1 includes something else than what is visible when studying and 
comparing the zoomed figures of image2a, Image2b and Image2d. Maybe the parameter detail is involved in the 
perception and grading of the general quality. 

4.5.3 Correlation 
Each test person answers six questions for each image. The number of test persons was eleven. Thus, each image 
gets 66 (6*11=66) answers. A calculation of the correlation coefficient between images Image2a and Image2b 
gives the value 0.5823. This is very close the limit 0.6. A correlation between the images exists. 
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4.5.4 On individual level 
The figures 38 and 39 show the values for Image2a and Image2b from Test person 4 and Test person 10, 
respectively. 
 
Test person 4’s correlation coefficient for Image2a and Image2b is 0.9513, which is extremely high. For Q1-Q4 
and Q6 Test person 4 gave Image2b a higher grade than Image2a. Thus, something in Image2a was perceived 
better. It is strange that Test person 4 graded Image2b higher than Image2a in Q1, since Image2a got a 1.5 units 
higher average grade for Q1 than Image2b (when calculating for all eleven test people). When it comes to the 
parameter print mottle the quality in Image2b has got the highest grade (20), and Image2b the got the lower mark 
17. When it comes to color gamut Image2b surprisingly got a three units higher grade than Image2a (18 and 15, 
respectively). Theoretically, the printer of Image2a has a larger color gamut than the printer of Image2b. In the 
subjective test, Test person 4 perceived the color gamut as being larger for Image2b. This indicates a 
contradiction between theory and practice. Thus, it is not only the size of the color gamut, which decides the 
perceptual quality regarding color gamut. Probably it is because of the motif, which has very few colors (it is 
almost chromatic). The color gamut is not so important to chromatic images as it is to colorful images (like 
Image3). For the parameter color shift Image2a and Image2b got almost similar grades, the same with sharpness.  
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Figure 38: Test person 4’s grading for Image2a and Image2b 
 
Calculating the correlation coefficient value for Test person 10, about Image2a and Image2b, gives the value 
0.9532. This test person perceived the images very much the same. There are some differences in the marks in 
Q3, Image2a got the value 10 and Image2b got 12. I.e. even for this test person the Image2b was perceived as 
having better quality with respect to the parameter color gamut. Probably the explanation of this is as was 
mentioned before (see the text about figure 38), that the grade for Q3 in this case must not depend on the size of 
the color gamut because the motif consists of few colors. The values of the color shift (Q4) are rather similar, 
and so are Q5 and Q6. For this type of motif it seems as if a small difference in Q1 leads to small differences in 
Q2, Q3, Q4, Q5 and Q6 as well. 
 

0 5 10 15 20

Q1

Q2

Q3

Q4

Q5

Q6

tp10; im2b
tp10, im2a

 
Figure 39: Test person 10’s grading for Image2a and Image2b 
4.5.5 Conclusions On individual level 
A small difference in Q1 for Image2a and Image2b leads to small differences in Q2, Q3, Q4, Q5 and Q6. 

4.6 Conclusions about the case: very different images 
Regarding Image3, a big difference of the average marks for Q1 also gives a big difference in the marks for Q2, 
Q3, Q4 and Q6. Sharpness (Q5) seems not so important when the motif is very colorful. A great difference in 
color gamut results in a large difference in the perception of color gamut. For Image2, color shift and color 
gamut does not affect the perceived quality, since there are very few colors in the image. 
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Image2 has a motif with many glossy surfaces but with very few colors. It consists of a very glossy grater and 
ladle, a mobile telephone, brushes, a belt and more. Compare two images of this type. If one of them got a very 
high grade for general quality and the other image got a very low value for general quality, the values for print 
mottle and sharpness will be very high for the former image and low for the latter image. When examining two 
images with the same colorful motif, the calculated color gamuts agrees with the perception for the color gamut. 

4.7 Conclusions about the case: very similar images 
Two images with the same colorful motif (like Image3) were compared. The first image got a much higher grade 
for general quality than the other image, even though the second image was printed with a printer with a larger 
color gamut. The reason of this was that the first image consists of more saturated colors, and the second image 
has more details. The human eye perceives the more saturated image to be better than the image with more 
details. 
 
Consider two similar images (the same perceived quality) with a motif with very few colors and many glossy 
surfaces (like Image2). The perceived difference in print mottle, color gamut, color shift and sharpness for those 
images will be very low as well. The general quality with respect to the parameter color gamut (in images with 
very few colors, like Image2) do not depend on the size of the color gamut. 
 
When examining two images with the same colorful motif (e.g. some fruits) the calculated color gamuts agrees 
with the perceptual perception for the color gamut. 

5 Result from the subjective test and the 
measurements 
For Q2 it would have been better to use a full tone plate to discern the print mottle. It should be very well 
specified what the test person are supposed to do in the test, so that there will be absolute no chance (or almost 
no chance) for the people in the test panel to judge the images according to a different set up of rules. A 
conclusion from chapter ‘5.2.6 On individual level’  and chapter ‘5.3.6 On individual level’ is that no matter 
motif a great difference in color gamut gives raise to a correlation between Q1 and Q2. During the subjective test 
there were two kinds of strategies when grading the images. The first strategy was to first choose one image that 
was perceived as being the ‘best’ one, and use this as a reference for the rest of the images. The second strategy 
was similar to strategy one, except that the test person believed that the image he/she was looking at would never 
be so good that it could reach the level twenty. It is difficult to tell the test person exactly how to think. It is of no 
use to force the people using strategy two to give some images the mark 20. 
 
Some test people used the value 10 as the breaking point, below 10 meant “negative” impression and above ten 
meant a “positive” impression. For Image4 it was very difficult fore many people to grade the print mottle. That 
kind of motif hardly contributed to anything for the test. Some test people said that the type of motif influenced 
how they graded the images. One test person said that Image4 was very difficult to judge because it was not 
known what the image should reproduce. When the motif is an egg, which lays in the nature, it is really hard to 
know exactly what it should look like. It was much easier for the test panel to judge the human face. 
 
Problems about doing a perceptual test arose. How is it possible to make the guidelines so that each test person 
judge each of the image from the same point of view? Something is missing in the questions of the subjective 
test in Image3, which is something that the test panel did not get the possibility to grade. What is missing, could 
it be the details? Maybe judgment of the perception of the details in the image should have been included in the 
subjective test. When grading in the subjective test many people in the test panel had different strategies. The 
most obvious thing was that they used very different time of consideration. Some people just used a few seconds, 
and some up to 60 seconds. This is not good. If watching an image too long, the test person soon starts to 
examine details or special parts of the image. Some people used a shorter time of consideration, which is better 
since a short glance only judges the overall perception of the image. It was the first general perception that the 
investigation looked for. If doing this kind of test it is better some way set up a time for consideration to about 
five seconds or something. 
 
When doing the measurements the white reference point in the Gretag Spectrolino should have been used in the 
first case. For this thesis it is better than using the paper itself as a reference point. 
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6 Conclusion 
The goal mentioned in chapter ‘1.2 Goal’ to get a tool to predict image quality was difficult to achieve, mostly 
because of a too small selection of reference images. If all four reference images had been alright to use in the 
investigation there would have been more information to analyze the human eye’s perception of digital printed 
images. It indeed does matter what kind of motif is examined. The colorful image of fruits was the only type of 
image correlating to something. The general quality for Image3 correlates to color gamut. Suppose two images 
with the same colorful motif (like Image3) are compared and the first image got a much higher grade for general 
quality than the other image, even if the second image is printed with a printer with some larger color gamut. 
The reason why this is possible is probably because the first image consists of more saturated colors, and the 
second image has more details. The human eye perceives the more saturated image to be better than the image 
with more details. It is too bad no calculated value is made to check if this is really true. The assumption is built 
on the perception of the zoom in Image3a and Image3d and from an interview with Reiner Lenz.  
 
The correlation between a colored image (like Image3) and the general quality is very significant. A great 
difference in color gamut result in a large difference in perception of color gamut. When examining two images 
with the same colorful image of fruits, the calculated color gamuts for the two printers agrees with the perception 
of the printer’s color gamuts. When examining the values for Image3 a big difference for average marks for Q1 
also gives a big difference in the marks for Q2, Q3, Q4 and Q6. Probably sharpness (Q5) is not so important 
when the motif is very colorful. 
 
Something is missing in the questions for the subjective test when studying the image of fruits, which was 
something that the test panel did not get the possibility to grade. What is it? Could it be the details? The details 
are not asked for in the questions. Some people in the test panel gave the sharpness a high value, even if his/her 
opinion was that the details in that image were not very good. A judgment of the perception of the details in the 
image should have been included in the subjective test. Sharpness is in some way involved in the notation 
details. 
 
For an image with very few colors and many glossy surfaces print mottle and sharpness are strictly connected to 
the general quality. The color gamut for a few colored images does not affect the perception of the image very 
much. The contrast value seems to be related to the sharpness in an image as long as the image does not consist 
of too many areas with low keys. When the motif is a colorful image of fruits and it is a comparison between two 
extreme images, the general quality is correlated to print mottle and to sharpness. One found out was that no 
matter motif a great difference in perceived color gamut gives raise to a correlation between Q1 and Q2. 
 
When performing a perceptual test it is best to give very strict instructions to the test panel a few days before 
attending the test. The time to consider each image should be restricted to about five seconds for all people in 
test panel. This makes the answers a more useful selection. Even if the instructions were given before the 
subjective test it seemed as if the test persons had some different ideas about what the test really was about. For 
example some gave the marks according to the nearest five-unit: 5, 10, 15, 20, which is not very good when the 
other test people used the whole grading scale between 0 to 20. 

7 Future work 
If the subjective test was to be done with all the knowledge from this work, it would be better if the questions 
would be answered within a certain time, within about five seconds. It is so important that it is the first 
impression that makes the basis for the grade that is given. The white point in the Gretag Spectrolino should be 
used from the beginning. The print mottle should be tested by printing a plate with an evenly distributed color. 
The parameter detail should somehow be asked for.  
 
All reference images should be of very good quality, so that they would become a measure for very good quality 
for the images used to compare to the reference images. The strategy for the investigation must be 100% clear, 
e.g. decide what paper to use. Most printers are closely related to a special made paper that is made specifically 
for that printer. Some difference is to be seen between inkjet printers and laser printers. Often the papers for 
inkjet printers are worked out to cooperate specially with a specific printer. For most laser printers it often works 
fine with ordinary 80 g/m2 paper used on mostly laser printers. It would be interesting and useful to examine the 
human perception and the human psychology regarding different image motifs and symbols. It would also be 
interesting to examine whether a man experiences the quality in the image differently than a woman, if the time 
of day influences the perception of an image, if the observers peace of mind affects the percieved image quality, 
if it matters if the test person is alert or tired etc.   
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Appendix 1: Printer belonging to which image 
 
Printer, printed on 120 g/m2 paper Number for image 
Printer 2, Image 1 1a 
Printer 2, Image 2 2a 
Printer 2, Image 3 3d 
Printer 2, Image 4 4b 
Printer 5, Image 1 1d 
Printer 5, Image 2 2d 
Printer 5, image 3 3c 
Printer 5, image 4 4a 
Printer 6, Image 1 1c 
Printer 6, Image 2 2b 
Printer 6, Image 3 3e 
Printer 6, Image 4 4c 
Printer 3, Image 1 1e 
Printer 3, Image 2 2c 
Printer 3, Image 3 3a 
Printer 3, Image 4 4e 
Printer 4, Image 1 1b 
Printer 4, Image 2 2e 
Printer 4, Image 3 3b 
Printer 4, Image 4 4d 
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Appendix 2: Fill in forms for the subjective test 
 
The average values from the answers from the subjective test 
Question 1 
The quality of the image compared to the other images on the A4-paper. Give a mark between 0 and 20 (0  
very bad quality, 20 very good quality). 
 

1a 1b 1c 1d 1e  
Image 1  

15.636 
 
12.273 

 
11.091 

 
8.273 

 
10.727 

 
2a 2b 2c 2d 2e  

Image 2  
15.455 

 
13.909 

 
10.909 

 
8.727 

 
11.818 

 
3a 3b 3c 3d 3e  

Image 3  
14.182 

 
9.818 

 
9.727 

 
15.636 

 
12 

 
4a 4b 4c 4d 4e  

Image 4  
14.182 

 
11 

 
12.455 

 
12.636 

 
14.727 

 
The average values from the answers from the subjective test 
Question 2  
The amount of print mottle in the image compared to in the other images on the A4-paper. Give a mark between 
0 and 20 (0 very much print mottle, 20 very little print mottle). 
 

1a 1b 1c 1d 1e  
Image 1  

15.818 
 
12.545 

 
11.091 

 
8.909 

 
10.909 

 
2a 2b 2c 2d 2e  

Image 2  
15.636 

 
13.909 

 
11.729 

 
9 

 
11 

 
3a 3b 3c 3d 3e  

Image 3  
14.182 

 
9.273 

 
9.909 

 
15.727 

 
11.909 

 
4a 4b 4c 4d 4e  

Image 4  
14 

 
11 

 
12.091 

 
12.273 

 
14.727 
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The average values from the answers from the subjective test 
Question 3  
The amount of color gamut in the image compared to in the other images on the A4-paper. Give a mark between 
0 and 20 (0 very little color gamut, 20 very much color gamut). 
 

1a 1b 1c 1d 1e  
Image 1  

14.364 
 
10.545 

 
12.273 

 
14.545 

 
12.545 

 
2a 2b 2c 2d 2e  

Image 2  
15.364 

 
14.636 

 
14.909 

 
12.182 

 
12.818 

 
3a 3b 3c 3d 3e  

Image 3  
18.273 

 
10.727 

 
13.455 

 
14.818 

 
10.455 

 
4a 4b 4c 4d 4e  

Image 4  
15.636 

 
14.364 

 
15.545 

 
12.091 

 
14.818 

 
The average values from the answers from the subjective test 
Question 4  
The amount of color shift in the image compared to the reference image. Give a mark between 0 and 20 (0 very 
much color shift compared to in the reference image, 20 no color shift in the image). 
 

1a 1b 1c 1d 1e  
Image 1  

11.091 
 
7.636 

 
8.545 

 
6.818 

 
8.091 

 
2a 2b 2c 2d 2e  

Image 2  
9.818 

 
9 

 
14 

 
6.818 

 
6.818 

 
3a 3b 3c 3d 3e  

Image 3  
14.727 

 
7 

 
7.818 

 
8.818 

 
7.818 

 
4a 4b 4c 4d 4e  

Image 4  
5.545 

 
6.545 

 
6.364 

 
7.182 

 
6 
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The average values from the answers from the subjective test 
Question 5  
The amount of sharpness in the image compared to the reference image. Give a mark between 0 and 20 (0 very 
much difference in the amount of sharpness compared to into the reference image, 20 the same amount of 
sharpness as in the reference image). 
 

1a 1b 1c 1d 1e  
Image 1  

11.909 
 
8.909 

 
7.454 

 
6.634 

 
7.636 

 
2a 2b 2c 2d 2e  

Image 2  
13.818 

 
11.364 

 
13.091 

 
8 

 
10.636 

 
3a 3b 3c 3d 3e  

Image 3  
13.545 

 
11.455 

 
8.182 

 
13.182 

 
9 

 
4a 4b 4c 4d 4e  

Image 4  
9.091 

 
11 

 
7.727 

 
9.273 

 
10 

 
The average values from the answers from the subjective test 
Question 6  
What is your opinion about the general quality of the image compared to the reference image? Give a mark 
between 0 and 20 (0 very much difference in general quality compared to the reference image, 20 the same 
general quality as in the reference image). 
 

1a 1b 1c 1d 1e  
Image 1  

12.364 
 
8 

 
7.454 

 
6.091 

 
7.454 

 
2a 2b 2c 2d 2e  

Image 2  
11.273 

 
9.727 

 
14 

 
7.727 

 
8.454 

 
3a 3b 3c 3d 3e  

Image 3  
15.273 

 
7.454 

 
6.727 

 
9.636 

 
8.091 

 
4a 4b 4c 4d 4e  

Image 4  
8 

 
8.182 

 
7.364 

 
7.727 

 
9.091 

 

  44(60)



A Review of Perceptual Image Quality  Jonas Petersson 
 

Appendix 3: Standard deviations of the gradings 
 
Standard deviations of the average values for the gradings 
Question 1  
The quality of the image compared to the other images on the A4-paper. Give a mark between 0 and 20 (0 very 
bad quality, 20 very good quality). 
 

1a 1b 1c 1d 1e  
Image 1  

4.9045 
 
3.8494 

 
2.6251 

 
4.1974 

 
3.9772 

 
2a 2b 2c 2d 2e  

Image 2  
2.8058 

 
2.5867 

 
4.6142 

 
3.1652 

 
3.6005 

 
3a 3b 3c 3d 3e  

Image 3  
5.3445 

 
4.1909 

 
2.8667 

 
2.7303 

 
4.2661 

 
4a 4b 4c 4d 4e  

Image 4  
3.6556 

 
4.0988 

 
3.5599 

 
3.5573 

 
2.7601 

 
Standard deviations of the average values for the gradings 
Question 2  
The amount of print mottle in the image compared to in the other images on the A4-paper. Give a mark between 
0 and 20 (0 very much print mottle, 20 very little print mottle). 
 

1a 1b 1c 1d 1e  
Image 1  

2.1490 
 
2.1490 

 
4.4456 

 
3.2023 

 
5.6408 

 
2a 2b 2c 2d 2e  

Image 2  
2.2401 

 
4.9193 

 
3.8565 

 
4.2916 

 
4.2916 

 
3a 3b 3c 3d 3e  

Image 3  
3.9818 

 
3.0091 

 
4.1054 

 
3.7001 

 
4.0698 

 
4a 4b 4c 4d 4e  

Image 4  
3.5726 

 
3.1450 

 
5.3852 

 
4.0519 

 
3.5624 
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Standard deviations of the average values for the gradings 
Question 3  
The amount of color gamut in the image compared to in the other images on the A4-paper. Give a mark between 
0 and 20 (0 very little color gamut, 20 very much color gamut). 
 

1a 1b 1c 1d 1e  
Image 1  

4.7386 
 
4.5467 

 
3.2586 

 
4.2039 

 
4.2276 

 
2a 2b 2c 2d 2e  

Image 2  
3.3248 

 
2.2482 

 
4.9488 

 
3.5726 

 
2.7502 

 
3a 3b 3c 3d 3e  

Image 3  
3.5522 

 
3.4667 

 
3.6432 

 
2.9939 

 
3.1738 

 
4a 4b 4c 4d 4e  

Image 4  
3.2946 

 
5.0055 

 
2.7336 

 
3.4192 

 
3.7635 

 
Standard deviations of the average values for the gradings 
Question 4  
The amount of color shift in the image compared to the reference image. Give a mark between 0 and 20 (0 very 
much color shift compared to in the reference image, 20 no color shift in the image). 
 

1a 1b 1c 1d 1e  
Image 1  

4.5707 
 
4.4107 

 
4.8242 

 
4.4004 

 
4.4149 

 
2a 2b 2c 2d 2e  

Image 2  
2.6007 

 
3.1305 

 
3.6332 

 
2.9264 

 
2.9264 

 
3a 3b 3c 3d 3e  

Image 3  
2.6867 

 
2.8636 

 
4.7501 

 
4.6004 

 
3.7899 

 
4a 4b 4c 4d 4e  

Image 4  
3.2669 

 
2.9108 

 
2.9077 

 
3.8683 

 
3.2863 
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Standard deviations of the average values for the gradings 
Question 5  
The amount of sharpness in the image compared to the reference image. Give a mark between 0 and 20 (0 very 
much difference in the amount of sharpness compared to into the reference image, 20 the same amount of 
sharpness as in the reference image). 
 

1a 1b 1c 1d 1e  
Image 1  

4.9286 
 
3.9104 

 
3.3575 

 
3.0421 

 
3.8281 

 
2a 2b 2c 2d 2e  

Image 2  
2.6765 

 
2.9757 

 
4.2061 

 
2.9326 

 
4.0564 

 
3a 3b 3c 3d 3e  

Image 3  
4.1076 

 
3.0451 

 
3.0925 

 
2.6007 

 
3.0984§ 

 
4a 4b 4c 4d 4e  

Image 4  
4.9690 

 
5.6569 

 
4.1495 

 
5.0218 

 
5.1962 

 
Standard deviations of the average values for the gradings 
Question 6  
What is your opinion about the general quality of the image compared to the reference image? Give a mark 
between 0 and 20 (0 very much difference in general quality compared to the reference image, 20 the same 
general quality as in the reference image). 
 

1a 1b 1c 1d 1e  
Image 1  

2.8026 
 
3.1623 

 
3.3871 

 
2.6629 

 
3.0778 

 
2a 2b 2c 2d 2e  

Image 2  
2.4121 

 
1.9540 

 
2.8983 

 
2.7601 

 
2.6595 

 
3a 3b 3c 3d 3e  

Image 3  
2.2401  

 
3.5599 

 
3.6357 

 
3.0421 

 
2.1192 

 
4a 4b 4c 4d 4e  

Image 4  
3.4928 

 
3.2193 

 
2.5406 

 
4.0519 

 
3.1130 
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Appendix 4: Image1 
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Appendix 5: Image2 
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Appendix 6: Image3 
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Appendix 7: Image4 
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Appendix 8: Testform 2 
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Appendix 9: Calculation of correlation coefficient 
 
The measure used to calculate the correlation coefficient is rho )(ρ , and it is calculated by: 

))()((

)(*)(
22∑ ∑

∑
−−

−−
=

YavYiXavXi

YavYiXavXi
ρ , 11 ≤≤− ρ  

ρ = 1 indicate a linear connection, Y=aX+b, a>1 
ρ = - 1 indicate a linear connection, Y=aX+b, a<1 
ρ = 0 indicates no linear connection (but there might be other type of connections). 

In this thesis it is assumed that 6.0≥ρ  to indicate any correlations between parameters. 
 
An example: Calculate the correlation for Image 1d between Q1 and Q3. Xi represents the eleven answers for Q1 
and Yi represents the eleven answers for Q3. Xav is the average value for the answers for Q1, and  Yav is the 
average value for the answers for Q3. 
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Appendix 10: Color gamuts 
 
 
Printer 1 Printer 2 

  
Vol= 2.7159e+005 (from Epson reference values 
from contrast plates) 

Vol=1.9423e+005 

  
Printer 3 Printer 4 

  
Vol= 1.6573e+005 Vol= 1.1648e+005 
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Printer 5 Printer 6 

  
Vol= 1.5122e+005 Vol= 1.4999e+005 
Color gamut for reference values  

 

 

Vol= 4.1398e+005 (from reference values from 
color chart) 
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Appendix 11: Correlation values, per printer 
Correlation values all variants of each image (11 of each) 
 
 
 

 

Printer 2      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 1_a 0.2174 0.6775 0.1488 0.1598 -0.2368 
Image 2_a 0.1215 0.1199 0.3825 0.1586 0.2901 
Image 3_d 0.4814 0.7129 -0.5870 0.3060 -0.0897 
Image 4_b 0.0078 0.2583 0.4610 0.1121 0.4471 

 

Printer 3      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 1_e 0.6650 0.6045 0.1155 -0.0728 0.2480 
Image 2_c 0.0475 0.2755 -0.1193 -0.4478 -0.3141 
Image 3_a 0.5511 0.4449 0.5331 -0.3922 0.6469 
Image 4_e -0.4198 -0.3903 0.1433 0.4393 0.4454 
      

 

Printer 4      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 1_b -0.5008 0.5049 0.1478 0.9585 -0.1314 
Image 2_e 0.1135 0.3296 -0.4021 0.3784 -0.0741 
Image 3_b 0.3388 0.6226 0.3166 0.5870 0.8171 
Image 4_d 0.0492 0.0112 0.3686 0.2916 0.1520 
      

 

Printer 5      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 1_d -0.4011 0.3251 -0.1486 -0.3517 0.3554 
Image 2_d 0.1095 0.0667 0.0697 0.0862 0.5515 
Image 3_c -0.0857 -0.1593 -0.3198 0.5701 0.4623 
Image 4_a 0.3571 0.5374 0.2588 0.2632 0.5169 
      

 

Printer 6      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 1_c -0.1815 0.1371 -0.1307 0.2445 0.2086 
Image 2_b 0.5265 -0.0922 -0.5434 0.1217 0.5684 
Image 3_e -0.0058 -0.1477 -0.6865 0.4085 0.5862 
Image 4_c 0.2869 -0.0383 0.3979 0.7878 0.1789 
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Appendix 12: Correlation values, per image 
Correlation values all variants of each image (11 of each) 
 
 
 

 

Image1      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 1_a 0.2174 0.6775 0.1488 0.1598 -0.2368 
Image 1_b -0.5008 0.5049 0.1478 0.9585 -0.1314 
Image 1_c -0.1815 0.1371 -0.1307 0.2445 0.2086 
Image 1_d -0.4011 0.3251 -0.1486 -0.3517 0.3554 
Image 1_e 0.6650 0.6045 0.1155 -0.0728 0.2480 

 

Image2      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 2_a 0.1215 0.1199 0.3825 0.1586 0.2901 
Image 2_b 0.5265 -0.0922 -0.5434 0.1217 0.5684 
Image 2_c 0.0475 0.2755 -0.1193 -0.4478 -0.3141 
Image 2_d 0.1095 0.0667 0.0697 0.0862 0.5515 
Image 2_e 0.1135 0.3296 -0.4021 0.3784 -0.0741 

 

 

Image3      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 3_a 0.5511 0.4449 0.5331 -0.3922 0.6469 
Image 3_b 0.3388 0.6226 0.3166 0.5870 0.8171 
Image 3_c -0.0857 -0.1593 -0.3198 0.5701 0.4623 
Image 3_d 0.4814 0.7129 -0.5870 0.3060 -0.0897 
Image 3_e -0.0058 -0.1477 -0.6865 0.4085 0.5862 

 

 

Image4      
 Q1-Q2 Q1-Q3 Q1-Q4 Q1-Q5 Q1-Q6 
Image 4_a 0.3571 0.5374 0.2588 0.2632 0.5169 
Image 4_b 0.0078 0.2583 0.4610 0.1121 0.4471 
Image 4_c 0.2869 -0.0383 0.3979 0.7878 0.1789 
Image 4_d 0.0492 0.0112 0.3686 0.2916 0.1520 
Image 4_e -0.4198 -0.3903 0.1433 0.4393 0.4454 
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Appendix 13: Color shift values 
 

abE *∆  between Epson printer and each of the other printers with respect to color charts. The primary and the 
secondary colors are probably the ones who moves much. 
 
 Cyan Magenta Yellow Red Green Blue Average 
Printer 2 6.783 6.5363 10.794 12.322 14.673 12.89 10.667 
Printer 3 11.844 17.982 4.5406 15.859 16.536 19.029 14.298 
Printer 4 13.859 13.642 6.0875 16.72 23.148 23.609 16.178 
Printer 5 10.125 13.93 9.8833 10.671 29.259 19.175 15.507 
Printer 6 18.743 12.968 7.9094 11.831 28.769 24.039 17.377 
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Appendix 14: Contrast values 
 
With values taken whith the built-in Gretag Spectrolino white point 
Dr1= Mean (log10(1./R)) 
Dr2=(log10(1./mean(R))) 
 
 Dr1 

100 
Dr2 
100 

Contrast 
(with Dr1) 

Density 
cyan 
100 

Density 
magenta 
100 

Density 
yellow 
100 

Density 
black 
100 

Density 
average 
100 

Absolute 
white ref 
point 

        

Printer 1         
cyan 0.4745 0.38564 0.0734 1.01 0.34 0.17 0.58 0.525 
magenta 0.71234 0.45224 0.40352 0.23 1.62 0.68 0.66 0.7975 
yellow 0.46771 0.24292 0.24897 0.07 0.19 1.42 0.13 0.4525 
black 1.4563 1.1362 0.45771 1.5 1.72 1.83 1.63 1.67 
red 0.90602 0.48204 0.31704 0.2 1.71 1.35 0.65 0.9775 
green 0.84966 0.67203 0.14615 1.11 0.35 1.39 0.63 0.87 
blue 0.94473 0.77564 0.28855 1.57 1.07 0.46 1.26 1.09 
   Av 

0.27648 
     

Printer 2         
cyan 0.67584 0.55846 0.032266 0.97 0.45 0.31 0.69 0.605 
magenta 0.56712 0.37574 0.13414 0.14 1.14 0.62 0.56 0.615 
yellow 0.42275 0.23476 0.1894 0.07 0.15 1.25 0.12 0.1894 
black 1.3756 1.37 0.3812 1.33 1.43 1.39 1.42 1.3925 
red 0.62025 0.39965 0.046786 0.13 0.99 1 0.53 0.6625 
green 0.79495 0.72121 0.079167 0.9 0.4 0.97 0.65 0.73 
blue 0.90115 0.82515 0.11971 1.06 0.92 0.52 1.05 0.8875 
Printer 3   Av 

0.14038 
     

cyan 0.54104 0.46878 0.10439 0.79 0.32 0.28 0.55 0.485 
magenta 0.49653 0.35485 0.19419 0.12 0.9 0.61 0.5 0.5325 
yellow 0.33374 0.21358 0.16358 0.07 0.09 0.9 0.09 0.2875 
black 1.2792 1.277 0.44401 1.26 1.3 1.31 1.3 1.2925 
red 0.61666 0.4135 0.166 0.14 0.91 0.99 0.52 0.64 
green 0.78033 0.72459 0.142 0.9 0.39 0.9 0.65 0.71 
blue 0.77394 0.71649 0.2039 0.92 0.75 0.48 0.9 0.7625 
   Av 

0.20258 
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 Dr1 

100 
8.1.1.1.1 

100 

Contrast 
(with Dr1) 

Density 
cyan 
100 

Density 
magenta 
100 

Density 
yellow 
100 

Density 
black 
100 

Density 
average 
100 

Absolute 
white ref 
point 

        

Printer 4         
cyan 0.63539 0.55706 0.02197 0.95 0.49 0.37 0.69 0.625 
magenta 0.54987 0.39814 0.2796 0.24 0.92 0.69 0.61 0.615 
yellow 0.35931 0.23635 0.212 0.07 0.21 0.93 0.13 0.335 
black 1.0976 1.0892 0.42111 1.1 1.12 1.17 1.12 1.1275 
red 0.61005 0.40939 0.19711 0.2 0.86 1.02 0.57 0.6625 
green 0.78902 0.72725 0.14503 1.01 0.45 0.96 0.67 0.7725 
blue 0.79463 0.74171 0.2194 1.04 0.85 0.54 0.94 0.8425 
   Av 

0.21375 
     

Absolute 
white ref 
point 

        

Printer 5         
cyan 0.60606 0.5209 -0.019311 0.87 0.41 0.31 0.64 0.5575 
magenta 0.53812 0.37165 0.22387 0.13 0.98 0.65 0.54 0.575 
yellow 0.39989 0.23872 0.15032 0.07 0.15 1.09 0.12 0.3575 
black 1.1502 1.1435 0.39222 1.15 1.1 1.2 1.18 1.1575 
red 0.68482 0.42039 0.27324 0.14 1.02 1.15 0.55 0.715 
green 0.728 0.68587 0.068874 0.81 0.4 0.87 0.62 0.675 
blue 0.98118 0.90047 0.29496 1.22 0.9 0.64 1.09 0.9625 
   Av 

0.20326 
     

Printer 6    
 

     

cyan 0.68282 0.60701 0.010447 1.01 0.56 0.4 0.74 0.6775 
magenta 0.66136 0.43755 0.33185 0.29 1.2 0.81 0.71 0.7525 
yellow 0.42695 0.24869 0.37224 0.06 0.22 1.13 0.13 0.385 
black 1.2308 1.2267 0.37251 1.24 1.27 1.27 1.25 1.2575 
red 0.66814 0.42618 0.18818 0.22 1.04 1.08 0.61 0.7375 
green 0.87478 0.8176 0.16995 1.13 0.52 0.97 0.76 0.845 
blue 0.87434 0.82392 0.14316 1.13 0.94 0.61 1.02 0.925 
   Av 

0.22691 
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