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Abstract  

 

Accompanied by the fast development of technology and channels in the advertisement industry, 
many traditional incumbents felt pressure and were seeking ways to change or better their own 
position within the industry. 

The Nordic Association of Heatset Printer (NAHP), where this thesis was carried out, is largely 
associated with these traditional channels for advertising, such like newspapers, brochures and 
magazines. They are taking their initiative to prepare and face the challenge coming from new 
entrants within the advertising industry. I have identified that to fulfill the responsibilities to their 
customers at a very high standard could enable themselves to continuingly remain a competitive 
position in the advertisement industry, and among these responsibilities, the printing quality is 
definitely an important one. By checking whether all the printers conform to the error tolerances 
set by the ISO standard, I could offer the members of the organization useful information and 
suggestion, and eventually give them directions on where they might need to improve, and where 
they need to maintain. I have also identified 3 determinants regarding printing and they are print 
density, dot gain and the ΔE of L*a*b*. Checking whether those three primaries have met the 
industry standard has become the main job of this thesis work. To finish this thesis work, I have 
gathered samples from printers within NAHP, tested the color control strips on each samples, 
input the data into statistical Excel files, programmed to analyze the data, and finally conducted 
evaluations. 

The test results have revealed that most presses from the printing houses within my thesis work 
are able to offer high quality prints. However, certain problems have also been identified. Some 
presses definitely need to change and improve their printing setting in order to reach ISO 
standard and achieve audience satisfaction. In addition, the results have also double confirmed 
that all three investigated properties, print density, dot gain and ΔE of L*a*b*, correlate 
intensely and influence one and another. 
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1 Introduction 

 
1.1 Background 

Due to the fierce competition among most industries in today’s business world, a great 
assortment of advertisement is adopted by these manufactures to promote their products. Those 
types of advertising include TV commercials, wireless radio, physical prints, social media, and 
so on. Although each one of these advertising channels has its strengths and weaknesses, how to 
maximize the benefits they could bring to the advertisers, how to optimize the printing cost 
themselves and eventually turn out high-quality promotion channel will definitely be within the 
considerations of these customers of the advertising industry. 

The Nordic Association of Heatset Printer (NAHP), where this thesis is conducted, has the idea 
of finding out the advertisement responsibilities for different media channel within its own 
industry. By doing this, NAHP is able to offer useful information to its members on where they 
can improve and where they should be heading for, despite the development of the technology in 
their industry, and finally possess more weight to compete with their alternative industry. 

1.2 Problem Statement 

I perceive the printing quality as one of the most important aspects among the responsibilities of 
printing advertisements. Although the printing quality of heatset prints is quite subjective to the 
actual audience – final viewers, it does have very specific parameters to indicate whether the 
final products reach the industry standard. 

In this thesis, I have chosen three of the determinants of printing quality to examine, and they are 
print density, dot gain and ΔE of L*a*b*, since they inlfuence the color production. Under this 
circumstance, the industry standard is ISO 12647-2, which will be greatly made use of in my 
paper. 

1.3 Aim 

This thesis project has a major goal, and that is: 

To investigate the printing quality of the presses within the NAHP, evaluate the overall printing 
quality of the presses within NAHP, and come up with useful data to the presses involved in our 
research. 

In order to fulfill the major goal, several sub-goals are also identified, and they are: 
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- To test all samples received from the presses engaged in my thesis work on the points 
of print density and dot gain. 

- To analyze the data collected from the samples regarding print density both 
horizontally within each press and vertically between different presses. 

- To analyze the data collected from the samples regarding dot gain against the ISO 
Standard – 12647-2. 

- To come up with useful data and compose an individual report for each press 
involved in my research work. 

1.4 Information about NAHP 

NAHP is short for Nordic Association of Heatset Printers. Already in the 70's, the heatset 
printers in Sweden had regular meetings discussing production related questions such as new 
materials and new technology. In the beginning of the 90's the group was extended to admit 
heatset printers in all Nordic countries as member companies; Sweden, Norway, Denmark and 
Finland. The group established a formal association and in 1999 the organization changed its 
name and is now called: The Nordic Association of Heatset Printers, NAHP. The organization's 
goal is to promote productivity and quality by initiating research projects and arranging 
interesting and educating activities such as seminars and study tours. (www.nahp.nu) 
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2 Methods 
 

This chapter aims to explain what was done to answer my research question, how it was done, 
and how the data collected from the experiment was analyzed briefly. The workflow of my 
research mainly contains three sections: preparation, experimentation and evaluation, and 
amongst these three sections, smaller stages are also distinguished. 

2.1 Project’s overall strategy 

This thesis work consists of several different stages of tasks, and the below is a list of description 
of each individual stage: 

1. Literature Study 

2. Designing testing methods and finding testing instrument 

3. Contacting all the members of NAHP, and asking for samples to be measured. 

4. Conducting the actual testing 

5. Conducting evaluations on the data collected from the samples 

6. Giving feedback to the members of NAHP involved in my research work 

2.2 Preparation 

Since this thesis touches upon several areas in the printing industry, I focus on principles 
regarding print density, dot gain, and color management in. In order to design the experiment and 
finally conduct it, it is absolutely essential to understand all these terms. 

Once the final scheme for my research experiment is confirmed, I will contact the all the 
members of NAHP to ask for samples needed, in order to conduct the experiment. The 
contacting part is only through emails, and all the email addresses can be found on the website of 
the NAHP – www.nahp.nu. See Appendix 9.1. 

2.3 Experimentation 

The experimentation section mainly consists of two parts: the actual statistical testing part and 
the data processing part. Each printing house is asked for to send me two groups of samples, due 
to different paper grades. Each paper grade will contain 125 pieces. 36 spots on each piece of 
sample will be tested regarding dot gains and density, and 3 spots on each of the 25 pieces out of 
the 125 pieces will be tested regarding the L*, a* and b* values. When finished, all data 
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collected from the testing instrument called SpectroDens will be entered into a Microsoft Excel 
file, which has already been prepared by me. Therefore, the actual testing is quite time-
consuming as we can imagine the workload. When the testing part is finished, the followed will 
be the data processing. This part will take less time comparing to the former one, because I will 
program necessary Macros in the Developer section of the Excel file, and all these wanted 
processed data will be generated by the three Macros, namely Density_Solve(), DotGain_Solve() 
and LAB_Solve(). The detail codes for these Macros can be view in Appendix 9.7. Using the 
processed data, illustrative charts can be drawn using the Insert section of the MS Excel files. 

2.4 Evaluation 

Illustrative charts obtained from the second section are extremely helpful for me to evaluate the 
printing quality of each press regarding print density, dot gain and ΔE of L*a*b*. In this section, 
press’ tested value will be compared to the ISO 12647-2 standard. Eventually, a result plus 
evaluation report for each press will be written, and sent out to them. 
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3 Theory 
 

This part aims to include all these theories used in my paper. It will help readers of this paper 
understand these technical jargons smoothly, although I am trying my best to avoid using these 
intricate terminologies. 

3.1 Color  

Since this thesis is mainly about print density, dot gains and L*a*b* of the actual prints, color is 
inevitably becoming the topic. To be able to know the color itself and how it is related to the 
physical world, several properties and attributes about color are introduced in the following sub-
points. 

3.1.1 What is color? 

Some say color is a property of objects, and some others say color is a property of light. The 
third viewpoint is that color happens in the observer. Which one is right? The correct answer, of 
course, is a blend of all three. All are partially true, but you don’t have to look far to find 
examples that show that none of the three statements, by itself, is a complete description of the 
experience we call color (Bruce Fraser, 2005). 

Color is an event that occurs among three participants: a light source, an object, and an observer. 
The color event is a sensation evoked in the observer by the wavelengths of light produced by 
the light source and modified by the object. If any of these three things changes, the color event 
is different. In other words, we would see a different color (Bruce Fraser, 2005). 

In the world of color reproduction, there are two basic color models – RGB color model and 
CMYK color model. You will find it is very reasonable to have these two models, because one 
represents the electronic world of color reproduction, which produces a certain color by blending 
intensities of primary wavelengths of lights, and the other represents the physical world of color 
reproduction, which generates a certain color by reflecting the light from inks of different color 
combinations. 

3.1.2 The RGB Color Model 

The RGB Color Model is an additive color model, in which read, green, and blue lights are 
added together in various ways to reproduce a broad array of colors. The name of the model 
comes from the initials of the three additive primary colors - red, green and blue. The RGB color 
mode is additive in the sense that three light beams are added together, and their light spectra add, 
wavelength for wavelength, to make the final color’s spectrum (Charles A. Poynton, 2003).  
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Figure 3.1: additive primary colors 

The main purpose of the RGB color model is for the sensing, representation, and display of 
images in electronic systems, such as televisions and computer, though it has also been used in 
the conventional photography. 

3.1.3 The CMYK Color Model 

The CMYK Color Model is a subtractive color model, used in color printing as well as in 
describing the printing process itself. The CMYK model works by partially or entirely masking 
certain colors on the typically white background, and these certain colors absorb particular 
wavelengths of light. Such a model is called subtractive because inks ‘subtract’ brightness from 
white. The name of the model comes from the initials of the four subtractive primary colors – 
cyan, magenta, yellow and a key color. In most cases, the key color is black.  

 

Figure 3.2: subtractive primary colors 

In additive color models such as RGB, white is the “additive” combination of all primary colored 
lights, while black is the absence of light. In the CMYK model, it is just the opposite: white is 
the natural color of the paper or other background, while black results from a full combination of 
colored inks. 
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Why black ink is used? The ‘black’ generated by only mixing cyan, magenta and yellow 
primaries is unsatisfactory. Therefore, the four-color printing uses black ink in addition to the 
subtractive primaries. Common reasons for using black ink include: (Roger Pring, 2000) 

(1) Text is typically printed in black and includes fine detail, so to reproduce text or other 
finely detailed outline using three inks without slight blurring would require all three 
single-color images aligned extremely precisely, which is impractical in reality. 

(2) A combination of 100% cyan, magenta, and yellow inks soaks the paper with ink, 
making it slower to dry, and something impractical as well. 

(3) A combination of 100% cyan, magenta, and yellow inks often results in a muddy dark 
brown color that does not quite appear black. Adding black ink absorbs more light, 
and yields much darker blacks. 

(4) Using black ink is less expensive than using the corresponding amounts of colored 
inks. It is also not difficult to infer that black would be the cheapest ink amongst all. 

The following images clearly illustrate how these four colors merge together to produce a 
colorful picture: 

   
Cyan        Magenta          Yellow 

   
Key                         Final image 

Figure 3.3: The CMYK Color Model 

3.1.4 The CIE LAB Color Model 

The CIE LAB Color Model is a total different color model when comparing to the former two 
color models, since there is essential difference. We call the RGB and CMYK device-specific or 
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device-dependent color models, because the actual color we get from a given set of RGB or 
CMYK numbers is specific to the device that is producing them. That simply means: (1) if we 
give the same set of numbers of RGB or CMYK to different devices, the color they produce 
might be slightly different; (2) if the same color is produced by different devices, different sets of 
RGB or CMYK numbers might be given to them. For example, we know that in RGB color 
model “255, 0, 0” means red, but the red rendered by my laptop, or Bill’s desktop computer or 
Fiona’s digital camera can be slightly different based on human perception rather than this fixed 
device colorant – “255, 0, 0”. Then, the numbers start to cause confusion or ambiguousness. In 
order to reproduce an exact color we as humans have desired to achieve, we have a different type 
of color models in color management system called device-independent color models. Instead of 
using the numbers required to drive a particular device to produce color, device-independent 
color models attempt to use number to model human color perception directly. The CIE LAB 
color model is one of them. 

The CIE LAB (also known as LAB) color model starts with CIE, because this model is based on 
the groundbreaking work by a group of colors scientists and technicians known as the 
Commission Internationale de l’Eclairage, and in English we call it “International Commission 
on Illumination”. Moreover, in this color model, it uses three primaries – L*, a* and b*, and this 
corresponds to its name LAB. L* represents lightness, whilst a* represents how red or green a 
color is, and b* represents how blue or yellow. Why does a* associate with the colors red and 
green, and b* associate with the colors blue and yellow? This is because red and green as well as 
blue and yellow are opponent colors in pairs, and opponent colors are mutually exclusive. That is 
perhaps why red and green lights are used in the traffic system, and we never say something has 
a bluish-yellow color. 
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Figure 3.4: The CIE LAB Color Model (from: www.printroot.com) 

In figure 3.4, it tells us that in CIE LAB, the maximum value for L* is 100, which yields white, 
and the minimum value for L* is 0, which yields black. Positive a* (100) is red while negative a* 
(-100) is green. Positive b* (100) is yellow while negative b* (-100) is blue. It allows us to 
control our color as it passes from one device to another by correlating the device-specific RGB 
or CMYK values with the perceptually based LAB values that they produce on a given device. 
Eventually, LAB acts as a form of universal translation language between devices. 

3.2 Printing 

Printing is described as the process of transferring inks onto paper or another substrate via a 
printing plate. Ever since the first printing press was invented in year of 713 A.D., the printing 
technology has emerged and evolved generation after generation. Nowadays, there are many 
printing technologies existing, and they can be categorized by their printing process. In general, 
there are nine main types of printing processes, and they are: offset lithography, engraving, 
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thermography, reprographics, digital printing, letterpress, screen, flexography and gravure. Since 
I am doing research on the heatset printing and analyzing samples from the heatset printers, the 
heatset web offset printing process, which falls into the category of offset lithography process, is 
going to be explained particularly. 

3.2.1 Heatset web offset printing 

It is hard to use just one short sentence to generalize the term “heatset web offset printing”, 
because it encompasses three dimensions – heatset, web and offset. Therefore, I am going to use 
a step-by-step approach to explain what heatset web offset printing is. In the following 
paragraphs, I am going to explain what heatset printing is, what offset printing is and how web 
fits there. 

Heatset printing is a printing process that inks are dried using heat. In detail, heatset printing 
utilizes drying lamps or heaters to cure or “set” the inks. Simple as the term is phrased, “heat” to 
“set” the inks is used. While in coldset printing, inks on prints are allowed to dry naturally 
through evaporation and absorption.	  

 

Figure 3.4: Suspension dryer for web offset presses (source: Helmut Kipphan, 2001) 

Offset printing is a commonly used technique that the inked image is transferred or “offset” from 
a plate to a rubber blanket, and then to the printing surface, which, in most cases, is the paper. It 
is not hard to note the fact that the ink doesn’t go to the paper from the plate directly makes the 
whole process called “offset” printing. The following figures gives you more vivid information 
on how offset printing works when it is in combination with the lithographic process, which 
works on a very simple principle that ink and water don’t mix. 
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Figure 3.5: Side-view of the offset printing process (source: Tao Wang) 

The remaining question is that how web fits in front of offset. To answer this question, we need 
to obtain the knowledge about how paper is fed into a printing press. In our case, there are two 
types of paper feed, and they are sheet-fed and web-fed. Sheet-fed refers to individual sheets of 
paper or paperboards being fed into a press, and web-fed refers to the use of rolls or webs of 
paper supplied to the printing press. Sheet-fed is more suitable for printing a small amount of 
prints, whilst web-feed is more for printing a larger amount, which often exceeds 10000 
impressions. Therefore, the heatset web offset printing is adopting the way of paper feed “web-
fed”. 

As I received different types of printing paper (testing samples) from the members of the NAHP, 
I would like to make some short introductions to those types of printing paper that are involved 
in my thesis project in the next section. 

3.2.2 Printing paper 

Before formally starting my thesis experiment, I have already received three types of printing 
paper from different heatset printers, and they are LWC, MFC and SC. 
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LWC, which is short for light weight coated, is essentially a thin paper made from ground spruce 
pulpwood, reinforced with small proportion of kraft pulp to add strength, and finally coated with 
fine-grained clay and other constituents. It is mostly used in magazines and mail-order 
catalogues production.  

SC, which is short for super calendared, is a type of paper, which has been passed between rolls 
at heavy pressure to achieve a smooth finish without addition of coating. Like the LWC, it is also 
ideal for making magazines and advertising materials and is suitable for both the heatset offset 
printing and gravure printing. 

MFC, which stands for machine finished coated, is a type of paper that is heavier than LWC but 
with similar characteristics. 

3.2.3 Print density 

Print density, also known plainly as density, is the degree to which materials such as ink, paper, 
and film absorb light (Bruce Fraser, Chris Murphy & Fred Bunting, 2005, p.38). More light one 
of these materials absorbs, the higher its density is.  

Density can be measured by using a densitometer. However, densitometers don’t measure 
density directly. Instead, they measure the ratio between the intensity of light shone on or 
through a surface, and the light that reaches the detector in the instrument. This ratio is called 
reflectance (R) or the transmittance (T), depending on whether the instrument measures 
reflective materials such as ink and paper, or transmissible materials such as film. 

Generally, in prepress, we use densitometers to assure that prepress film is processed correctly; 
in the pressroom, we use densitometers to make sure that the press is laying down the correct 
amount of ink (Bruce Fraser, Chris Murphy & Fred Bunting, 2005, p.38). In reality, if too little 
ink is applied, the prints will appear to be faded or faint. On the contrary, if two much ink is 
applied, the print will look over-saturated, and the ink gets wasted. 

Mathematically speaking, density is computed from the measurement data using a logarithmic 
function. There are several reasons behind it. Firstly, as we’ve seen, the human eye has a non-
linear, logarithmic response to intensity, so a logarithmic density function correlates better to 
how we see brightness. Secondly, it correlates better with the thickness of materials like printing 
inks or film emulsions, which is one of the main functions of densitometers. Thirdly, a 
logarithmic scale avoids long numbers when measuring very dark materials. To better 
understand what this means, and how it is calculated, you can firstly imagine three kinds of 
surface. One that reflects 100% of all light that strikes itself will produce a reflectance (R) of 1.0. 
Another surface that reflects half of the light will produce a reflectance of 0.5. The last surface 
that reflects 10% of all light will produce a reflectance of 0.1.  Secondly, you calculate the 
reciprocal of each reflectance (1/R); you get 1.0, 2 and 10. Finally, you take these values into the 
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logarithmic function; you will derive their densities 0.0, 0.3 and 1.0 accordingly. The logarithmic 
function can be simply stated as the following: 

 

 

 

 

Figure 3.6: Density Formula 

Where lg means log10, and R means reflectance. By using this formula, we can easily compose 
the following table: 

 

Figure 3.7: Reflectance-to-density reference table 

From the table, you can also tell that the logarithmic function makes it easier to represent the 
Density, since writing down 5.0 is much more convenient than putting down 0.00001.  

3.2.4 Dot gain 

Dot gain is a common phenomenon in printing and graphic arts whereby printing dots are 
perceived and actually printed bigger than they are supposed to be in the reproduction process. It 
was basically caused by ink overspreading. During the printing process, ink is transferred to a 
substrate by applying pressure, and because ink is somewhat a kind of fluid substance, the 
pressure not only forces the ink onto the substrate, but also causes it to spread sideways. 
Although this kind of ink spreading could be minimized by calibrating the printing machine, it is 
still inevitable. That is why we use the term ‘common phenomenon’ to describe dot gain. In 
addition, dot gain varies with paper type. Uncoated paper stock like newspaper print shows the 
most dot gain. Mathematically, dot gain is defined as: 

 

Figure 3.8: Dot Gain Formula 

𝑫𝒆𝒏𝒔𝒊𝒕𝒚 = 𝐥𝐠
𝟏
𝑹	  
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Where A print is the percentage of the actual ink area of the print, and A form is pre-press area 
percentage to be inked. 

However, the formula above can only be considered as a fundamental to dot gain, since there is 
no simple direct way we can use to measure the percentage of the actual ink area of a print. In 
reality, a common method called Murray-Davies Equation is applied, and this equation is 
presented as the following: 

 
Figure 3.9: Murray-Davies Equation 

In this equation, D0 is the measured density of a 0% dot (For example: unprinted substrate), D100 
is the measured density of a 100%, and DN is the measured density of the sample N% dot (0 < N 
< 100). This formula gives us specific parameters to calculate the final dot gain. In this formula, 
the values of D0, DN and D100 can be obtained by a device called densitometer, which is going to 
be introduced in the chapter of the experiment. 
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4 Experiment 
 

This part aims to describe how my whole experiment was conducted step by step, and give 
readers detailed information in every phase of my thesis project. 

4.1 Background 

In order to actually conduct this experiment, I need to contact all these members of NAHP to ask 
for samples to be measured. Therefore, during the preparation of this experiment, I did that. 
However, not every heatset printer has replied and responded to my sample-sending request. In 
the end, I got response from three heatset printers – two from Norway, and one from Latvia, and 
all of the three have sent me samples during the summer of 2009. Among these samples, three 
paper types got involved in, and they are LWC (Light Weight Coated), MFC (Machine Finished 
Coated) and SC (Super Calendared). 

4.2 Goal 

The goal of this experiment is fairly simple and that is to evaluate the printing quality of the 
samples I got from the members of NAHP based on the samples print density, dot gain and 
La*b* values. 

In order to fulfill this goal, I need to find out the values of print density and dot gain of the four 
colors (CMYK) from three different spots on every sample of every paper type at hand, to find 
out the L, a* and b* values of the four colors (CMYK) from one spot on one fifth of the samples 
of the paper type LWC, and to analyze them eventually. 

4.3 Materials and apparatus 

Materials and apparatus, in brief, consist of samples, a densitometer and a spectrophotometer. In 
the following sub-sections, all the information about the materials and apparatus will be 
elaborated on. 

4.3.1 Print samples 

I sent out emails to all the members in NAHP and kindly requested them whether they would 
like to engage in my research work by sending me paper samples. When I got a ‘Yes’ answer 
from them, a follow-on email was sent out with the Sample Specification and a Printing Sample 
Supplementary From in the attachment. Please see Appendix 9.2 & 9.3. 
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From the specification and supplementary form, it is not hard to tell all these samples need to 
meet the following requirements: 

1. Two different paper grades are needed; 

2. Each paper grade should contain 125 pieces. 

3. Every pieces of sample should contain a testing control strip.(Figure 4.1) 

4. All the samples should be medially distributed in a whole printing run. 

5. Each paper grade needs to be grouped (5 pieces X 25 sub-groups) and labeled. 
 

 

Figure 4.1: Control Strip 

In the end, I received samples from 3 heatset printers, and each of them has sent me 2 groups of 
efficacious samples with different paper grades. Among the 3 printers, 4 presses are involved. 
Due to the confidentiality of the data gathered from the samples, the names of the 3 printers and 
4 presses are replaced with Printer 1, Printer 2, Printer 3, Press 1, Press 2, Press 3 and Press 4. In 
order to present a clear relationship between printers to presses and presses to paper grades, the 
following top-down network was composed (Figure 4.2): 

 
Figure 4.2: Printer–Press–Paper Type relationship 

From the network, we can see some printers are sharing a press, and some presses are capable of 
printing on more than one paper grade. 
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4.3.2 Densitometer, spectrophotometer and TECHKON SpectroDens 

A densitometer is an instrument, which measures print density, the degree to which reflective 
surfaces absorb light, or transparent surfaces allow it to pass (Fraser et al., 2005, p.38). The 
densitometer is basically a light source aimed at a photoelectric cell. It determines the density of 
a sample placed between the light source and the photoelectric cell from differences in the 
readings. 

A spectrophotometer is a device, which can measure the spectral properties of a surface; in other 
words, how much light at each wavelength a surface reflects or transmits (Fraser et al., 2005, 
p.38). 

Since my thesis project involves measuring the print density, dot gain, and the L*, a*, b*, both a 
densitometer and a spectrophotometer are needed theoretically. To keep the measuring process 
simple, we choose to use a device called TECHKON SpectroDens, which is manufactured by a 
German company. The TECHKON SpectroDens is an all-purpose, modern measurement device. 
It is not hard to infer from the product name that SpectroDens could be somehow a combination 
of a spectrophotometer and a densitometer. In fact, SpectroDens is a spectro-densitometer, which 
combines the qualities of a highly accurate spectro-photometer and an easy-to-use densitometer 
(TECHKON, 2007). 

 

Figure 4.3: SpectroDens 

The device works strictly according to the standards valid for the graphic industry. 

4.4 Method 

The method of this experiment shows exactly the flow of itself and how it is carried out step by 
step. At the end of this experiment, specially designed evaluation program will be used to 
analyze the data gathered.  

4.4.1 Data collecting regarding density and dot gain from the samples 

Collecting data regarding density and dot gain from the samples I received from the printers is 
the first step of this experiment. It is the easiest step of this whole experiment, since I just needed 
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to use the device called SpectroDens to measure the square spots on the testing control strip of 
each sample, and fill the data into the Excel worksheets I prepared. However, it was also a 
tedious, redundant and time consuming step, due to the number of spots on each sample, and the 
total number of samples I needed to measure. 

In this step of my experiment, I have measured 3 spots of 100% ink coverage for density, 3 spots 
of 80% ink coverage for dot gain, and 3 spots of 40 % ink coverage for dot gain for each color on 
each sample. That also means I measured (3+3+3) x 4 = 36 times on each sample piece, since 
there are four colors. However, in reality there are more than 300 testing spots on each control 
strip in each sample piece. This also required me to choose color spots from different sections of 
the control strip in order to get reasonable data that can reflect the real situation. 

Back to the number, since each paper grade contains 25 5-piece subgroups, it also means I have 
measured 36 x 25 x 5 = 4 500 times on different spots on the control strip for each paper grade. 
Since I have gathered 6 paper grades in total, the final amount of measurement times for just dot 
gains and density is 4500 x 6 = 27 000 times. Therefore, it is fair to say that the workload of this 
step is time consuming. 

In addition, in order to store data collected, an MS Excel file was also designed for each paper 
grade. In each MS Excel file, there are four worksheets. Each worksheet stores data from only 
one color and that is also why there are four worksheets in each Excel file. The figure 4.4 tells 
you how the data is structured in each worksheet. 

 

Figure 4.4: An example of Excel worksheet for data storage of a color (Density & Dot Gain) 
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As you can see, cell A1 in the worksheet tells you the name of the press, and cell A2 tells you the 
paper type I am testing. In addition, both cell A3 and the background color of the first 3 rows tell 
you which color I am testing. Moreover, cell E1 tells you that data regarding dot gain of 80% ink 
coverage is under it, and the same rule applies to the cell H1 as well. 

To sum up step 1, 6 MS Excel files are created to store the data collected from the 6 paper grades 
(3 LWCs, 2 MFCs and 1 SC). In each file, there are 4 worksheets for the 4 colors (Cyan, 
Magenta, Yellow and the Key) regarding density and dot gain. When they are ready, I am able to 
proceed to the 2nd step of this experiment. 

4.4.2 Data collecting regarding LAB from the samples 

Since data collected from the samples regarding LAB comes from a slightly different sub-group 
selection when comparing to those used in dot gain and density, I put this into an independent 
step. 

In this step, I have chosen to use the paper type LWC only, because I can compare them among 
different presses. Since 3 presses have sent me one of this type of paper each, I have 3 groups in 
total.  Due to time limitation of this thesis work, I have chosen to collect data only from 5 sub-
groups out of the 25 subgroups in each group, and the sub-group numbers are No. 1, No. 6, No. 
11, No. 16, No. 21. This means that 5 x 5 = 25 pieces from each sample were used. In order to 
store the data collected, an MS Excel file was created for each paper grade, and in each Excel file, 
there are four worksheets – one for each color. The figure 4.5 tells you how the data is structured 
in each worksheet. 
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Figure 4.5: An example of Excel worksheet for data storage of a color (LAB) 

As you can see, cell A1 in the worksheet tells you the name of the press, and cell A2 tells you the 
paper type I am testing. In addition, both cell A3 and the background color of the first 3 rows tell 
you which color I am testing. Cells B4, C4 and D4 tell you that I am testing the values of the 3 
primaries in the CIE LAB color model. 

To sum up step 1, 3 MS Excel files were created to store the data collected from the 3 LWC 
paper grades. In each file, there are 4 worksheets for the 4 colors (Cyan, Magenta, Yellow and 
the Key) regarding their LAB values. 

4.4.3 Data preparation for generating useful results 

In step 1 and step 2, 9 Excel files were created and filled in with data acquired by measuring. 
Among them, 6 are for density and dot gain, and 3 are for L*a*b*. Data gathered before step 3 
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shouldn’t been changed across the whole experience, because they are original data. They were 
used in step 3 to generate useful results. In detail, firstly, I created a totally new MS Excel file, 
and in this file, six worksheets were also created at the same time. Their names in sequence are 
‘Result-Den’, ‘Result-DG’, ‘Result-LAB’, ‘Data-Den’, ‘Data-DG’, and ‘Data-LAB’. Those 
worksheets with the names that start with ‘Data’ are aimed to temporarily store data that is going 
to be processed. Similarly, those worksheets with the names that start with ‘Result’ are aimed to 
temporarily store results that have just been generated from the data using Excel Macros at the 
backstage. Secondly, I put the data in by copying from the original, and got the result. Up to here, 
the experiment was finished, and the remaining part of this thesis work is to conduct evaluation 
to the results, which will be introduced in the next section. 

 

Figure 4.6: an example of Data-Den worksheet 
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Figure 4.7: an example of Data-DG worksheet 

 

Figure 4.8: an example of Data-LAB worksheet 
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Figure 4.9: an example of Result-Den worksheet 

 

Figure 4.a: an example of Result-DG worksheet 

 

Figure 4.b: an example of Result-LAB worksheet 
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5 Result and Evaluation 
This part aims to use data generated from the experiment to conduct evaluation by individual 
press on individual paper types as well as overall evaluation by integrating data from different 
presses together. The result and evaluation are presented in the 3 main aspects, which have been 
introduced in previous parts, namely print density, dot gain and L*a*b*. 

5.1 Print density 

The print density has been measured for all 6 paper grades I have received on all of the 4 colors 
in the CMYK color model. The ISO standard I used for evaluation on print density is ISO 12647-
2, which is described in table 5.1. 

ISO 12647-2 
Color Print Density Print Density with variation tolerance 

Cyan 1.43 1.33 – 1.53 
Magenta 1.33 1.23 – 1.43 
Yellow 0.91 0.81 – 1.01 
Black 1.75 1.65 – 1.85 

 
Table 5.1: ISO 12647-2 for print density 

Although the target value for density is important, the stability of density is also of significance, 
since the value shows whether the print looked washed away or the ink got wasted and the 
stability shows whether the presentation of the prints looked consistent. To determine whether a 
certain color eventually meets the international standard, I set the variation tolerance to 0.1 on 
my own initiative, since it is not clearly stated in the ISO 12647-2. 

5.1.1 Print density of paper type LWC with Press 1 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.4, and 2 charts were composed according to the data. (Please see figure 5.2 and 5.3) 
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Figure 5.2: Values of print density of Press 1 with paper type LWC 

	  

Figure 5.3: The stability of density of Press 1 with paper type LWC 

From figure 5.3, we can tell that the consistency of all four colors is good across the whole print 
run. However, the values of print density in most colors show obvious difference when 
comparing to the international standard. Therefore, future calibrating regarding ink amount on 
the printer is required. 

5.1.2 Print density of paper type LWC with Press 2 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.4, and 2 charts were composed according to the data. (Please see figure 5.4 and 5.5) 

1.43	  
1.33	  

0.91	  

1.75	  

1.21	   1.24	  

1.01	  

1.58	  

0	  
0.2	  
0.4	  
0.6	  
0.8	  
1	  

1.2	  
1.4	  
1.6	  
1.8	  
2	  

Cyan	   Magenta	   Yellow	   Black	  

Average	  Print	  Density:	  Press	  1	  &	  LWC	  

ISO	  

Press	  1	  



26	  

	  

Figure 5.4: Values of print density of Press 2 with paper type LWC 

	  

Figure 5.5: The stability of density of Press 2 with paper type LWC 

 

Like Press 1, the prints from Press 2 also shows good stability, and the color cyan, yellow and 
black need to be furture calibrated. 

5.1.3 Print density of paper type LWC with press 3 

Detailed result for this press on this particular paper was generated and stored in Appendix 9.4, 
and 2 charts were composed according to the data. (Please see figure 5.6 and 5.7) 
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Figure 5.6: Values of print density of Press 3 with paper type LWC 

	  

Figure 5.7: The stability of density of Press 3 with paper type LWC 

 

Unlike Press 1 and Press 2, the values of print density are very close to the international standard 
in most colors, and only color yellow needs further calibration, and the consistency of this print 
run is also very stable. In all, this press produces good quality prints from the perspective of print 
density. 

 

5.1.4 Print density of paper type SC with press 3 

Detailed result for this press on this particular paper was generated and stored in Appendix 9.4, 
and 2 charts were composed according to the data. (Please see figure 5.8 and 5.9) 
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Figure 5.8: Values of print density of Press 3 with paper type SC 

	  

Figure 5.9: The stability of density of Press 3 with paper type SC 

In Press 3 and with paper type SC, most of the color values have met the international standard, 
and the stablity of the print run is also very good. In all, this press produces good quality prints. 

 

5.1.5 Print density of paper type MFC with press 4 

Detailed result for this press on this particular paper was generated and stored in Appendix 9.4, 
and 2 charts were composed according to the data. (Please see figure 5.a and 5.b) 
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Figure 5.a: Values of print density of Press 4 with paper type MFC 

	  

Figure 5.b: The stability of density of Press 4 with paper type MFC 

In Press 4, most colors have met the international standard regarding the value of print density, 
and most colors show good consistency across the print run. However, the stability of the color 
black is relatively weaker among the four colors. In all, Press 4 is doing a good job on print 
density. 

 

5.1.6 Print density of paper type MFC with press 1 

Detailed result for this press on this particular paper was generated and stored in Appendix 9.4, 
and 2 charts were composed according to the data. (Please see figure 5.c and 5.d) 
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Figure 5.c: Values of print density of Press 1 with paper type MFC 

	  

Figure 5.d: The stability of density of Press 1 with paper type MFC 

In Press 1 with the paper type MFC, most colors have obivous difference when camparing to the 
international standard, and it does not show consistency regarding the print density from the first 
half of the print run to the second half. In real life, you may find samples from the first half of 
the print run different from the samples from the second half. In all, color calibration is requried 
and stability needs to be worked on. 

 

5.1.7 Overall quality regarding print density from all presses with all paper types 
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 Press 1 & LWC Press 2 & LWC Press 3 & LWC Press 3 & SC Press 4 & MFC Press 1 & MFC 

Cyan X X O X X X 

Magenta O O O O O X 

Yellow O ◎ ◎ ◎ ◎ ◎ 

Black X X O O O X 

       

 ◎: meets the 

international 

standard but 

needs 

calibration 

O: meets the 

international 

standard 

X: doesn't meet 

the 

international 

standard 

 
Table 5.e: Print density status comparing to ISO from all 4 presses 

 

 Press 1 & LWC Press 2 & LWC Press 3 & LWC Press 3 & SC Press 4 & MFC Press 1 & MFC 

Cyan o o o o X X 
Magenta o o o o o X 
Yellow o o o o o X 
Black o o o o o X 

       

 o: Stable X: unstable   

 
Table 5.f: Stability of print density about all 4 presses 

By putting the sub-results regarding print density together (see table 5.e and table 5.f), we can 
see that about 70% of the print density values have met the international standard, and they 
generally show good stability across the print run. One interesting finding is that the ink level of 
the color yellow was always exceeding the ISO level. Obvious abnormity regarding both density 
value and stability has been noticed in Press 1 with paper type MFC.  

5.2 Dot gain 

The dot gain has been measured for all 6 paper grades I have received on all of the 4 colors in the 
CMYK color model. Although dot gain in heatset printing is inevitable and ideally should be as 
small as it can be, we also believe that the stability of dot gain is much more important. The ISO 
standard I used for evaluation on dot gain is ISO 12647-2, which is described in table 5.f. Please 
also note that this standard is color independent. 
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ISO 12647-2 
Dot gain Scale (40%) 13% - 34% 

Deviation Tolerance (40%) 4% 

Variation Tolerance (40%) 4% 

    

Dot gain Scale (80%) 12% - 17% 

Deviation Tolerance (80%) 3% 

Variation Tolerance (80%) 3% 
 

Table 5.f: ISO 12647-2 for dot gain 

5.2.1 Dot gain of paper type LWC with press 1 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.5, and 2 charts were composed according to the data. (Please see figure 5.g and 5.h) 

	  

Figure 5.g: Dot gain values of paper type LWC with Press 1 
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Figure 5.h: Dot gain deviation of paper type LWC with Press 1 

It is not hard to see that both the dot gain values and deviation are within the ISO tolerance level, 
and Press 1 shows good performance on dot gain regarding this paper type. 

 

5.2.2 Dot gain of paper type LWC with press 2 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.5, and 2 charts were composed according to the data. (Please see figure 5.i and 5.j) 

	  

Figure 5.i: Dot gain values of paper type LWC with Press 2 
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Figure 5.j: Dot gain deviation of paper type LWC with Press 2 

Like Press 1, Press 2 also did a good job on dot gain, since the dot gain value are generally lower 
than the ISO standard, and deviation of dog gain was also very small. 

 

5.2.3 Dot gain of paper type LWC with press 3 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.5, and 2 charts were composed according to the data. (Please see figure 5.k and 5.l) 

	  

Figure 5.k: Dot gain values of paper type LWC with Press 3 
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Figure 5.l: Dot gain deviation of paper type LWC with Press 3 

Press 3 shows excellent performance on both values and deviation of dot gain in all 4 four colors. 
The deviation of dot gain is extremely small in Press 3, which means ink level of Press 3 was 
quite carefully controlled. 

5.2.4 Dot gain of paper type SC with press 3 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.5, and 2 charts were composed according to the data. (Please see figure 5.m and 5.m) 

	  

Figure 5.m: Dot gain values of paper type SC with Press 3 
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Figure 5.n: Dot gain deviation of paper type SC with Press 3 

Press 3 has also proven itself a good got gain controller on this paper type – SC, like it has with 
the paper type – LWC. 

 

5.2.5 Dot gain of paper type MFC with press 4 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.5, and 2 charts were composed according to the data. (Please see figure 5.o and 5.p) 

	  

Figure 5.o: Dot gain values of paper type MFC with Press 4 
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Figure 5.p: Dot gain deviation of paper type MFC with Press 4 

In Press 4, the dot gain values are generally higher than those from the previous 3 presses, but 
they are still within the ISO range, and the deviation of dot gain is also small. In all, Press 4 did a 
good job. 

5.2.6 Dot gain of paper type MFC with press 1 

Detailed result for this press on this particular paper type was generated and stored in Appendix 
9.5, and 2 charts were composed according to the data. (Please see figure 5.q and 5.r) 

	  

Figure 5.q: Dot gain values of paper type MFC with Press 1 
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Figure 5.r: Dot gain deviation of paper type MFC with Press 4 

Both dot gain values and deviation in Press 1 with the paper type MFC are within ISO tolerance, 
which means Press 1 did a good job on this paper type. 

5.2.7 Overall quality regarding dot gain from all presses with all paper types 

 

 Press 1 & LWC Press 2 & LWC Press 3 & LWC Press 3 & SC Press 4 & MFC Press 1 & MFC 

 80% 40% 80% 40% 80% 40% 80% 40% 80% 40% 80% 40% 

Cyan o o o o o o o o o o o o 
Magenta o o o o o o o o o o o o 
Yellow o o o o o o o o o o o o 
Black o o o o o o o o o o o o 

 o: within deviation tolerance      

 x: out of deviation tolerance       
 

Table 5.s: Deviation of dot gain status from all presses with all paper types 

 

By putting the data together, which is shown in table 5.s, we can see that all the presses have 
done a good job on dot gain control. When associated with print density, we can infer that either 
all presses have done a good job with print density, or print density from some of the presses has 
been below the ISO standard. In this case, it falls into the second inference. 
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5.3 L*a*b* 

L*a*b* has been measured for only the 3 LWC paper grades from 3 different presses in all 4 
four colors from the CMYK color model, due to time limit of this thesis work. In L*a*b*, we 
consider the ΔE (deviation tolerance) as an important determinant. ΔE is calculated using the 
following formula: 

( ) 2
1

2
1

2
1 )()(L-L  ΔE bbaa −+−+=  

In this formula, L, a, b are the values from the ISO in table 5.t, and L1, a1, b1 are values measured 
from the sample.  

ISO 12647-2 
Color L* a* b* 

Cyan 54 -37 -42 

Magenta 45 71 -2 

Yellow 82 -6 86 

Black 20 0 0 

 
Table 5.t: ISO 12647-2 for L*a*b* 

ISO 12647-2 
Color Deviation Tolerance Variation Tolerance 

Cyan 5 2.5 

Magenta 8 4 

Yellow 6 3 

Black 4 2 

 
Table 5.u: ISO 12647-2 for LAB deviation and variation tolerance  

Deviation tolerance for each color is set in ISO 12647-2 as well in Table 5.u. If ΔE is out of 
tolerance, it means that there is too much difference from the standard and the sample. However, 
we cannot infer whether it is wrong with L, or with a, or with b by just considering ΔE only. That 
means we need to take other properties of color into account, such as print density, and dot gain, 
since they are correlated. 

Another determinant regarding L*a*b* is the variation tolerance, and it tells whether the printing 
process is in a smooth mode, just like the standard deviation of print density and dot gain do. The 
way I calculate variation tolerance is to use the value of every sample deviation ΔEn to minus the 
first ΔE1 and add the all the absolute values of difference together, and finally divided by the 
total number of sample piece. It can be shown using the following formula: 
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n
oleranceVariationT |ΔEΔE|...  |ΔE-ΔE|  |ΔE-ΔE| n12111 −+++

=  

5.3.1 L*a*b* of paper type LWC with press 1 

Detailed result for this press on paper type LWC was generated and stored in Appendix 9.6, and 
2 charts were composed according to the data. (Please see figure 5.v and 5.w) 

	  

Figure 5.v: Deviation tolerance of paper type LWC with Press 1 

	  

Figure 5.w: Variation tolercance of paper type LWC with Press 1 

By looking at the charts, we can tell that most color deviations are within the tolerance. Color 
cyan needs to be adjusted, due to obvious difference from the ISO standard. Moreover, color 
difference in cyan is also inconsistent in the whole print round. 
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5.3.2 L*a*b* of paper type LWC with press 2 

Detailed result for this press on paper type LWC was generated and stored in Appendix 9.6, and 
2 charts were composed according to the data. (Please see figure 5.x and 5.y) 

	  

Figure 5.x: Deviation tolerance of paper type LWC with Press 2 

	  

Figure 5.y: Variation tolercance of paper type LWC with Press 2 

In Press 2, although color cyan and yellow needs minor adjustment due to the difference from 
the ISO standard, the difference remains consistent. Actually, all colors appear to be in a 
consistent printing mode. 
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5.3.3 L*a*b* of paper type LWC with press 3 

Detailed result for this press on paper type LWC was generated and stored in Appendix 9.6, and 
2 charts were composed according to the data. (Please see figure 5.z and 5.α) 

	  

Figure 5.z: Deviation tolerance of paper type LWC with Press 3 

	  

	  

Figure 5.α: Variation tolercance of paper type LWC with Press 3 

Press 3, when comparing to the former presses, has done a much better job. Its variation is 
consistent, and most of its deviation is within in the tolerance. Color cyan needs minor 
adjustment. 
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5.3.4 Overall quality regarding L*a*b* from 3 presses with the paper type LWC 

 Press 1 & LWC Press 2 & LWC Press 3 & LWC 

Cyan x  x  x  
Magenta x  o  o  
Yellow x  x  o  
Black o  o  o  

 o: within deviation tolerance 

 x: out of deviation tolerance 

 
Table 5.β: L*a*b* deviation of all colors from 3 presses with paper type LWC 

 Press 1 & LWC Press 2 & LWC Press 3 & LWC 

Cyan x  o  o  
Magenta o  o  o  
Yellow o  o  o  
Black o  o  o  

 o: within variation tolerance 

 x: out of variation tolerance 

 
Table 5.γ: L*a*b* variation of all colors from 3 presses with paper type LWC 

By putting all the data regarding L*a*b* together shown in table 5.β and 5.γ, we can tell that less 
than half of the colors from the 3 presses appear different from ISO standard, and need to be 
adjusted. How we adjust them requires us to refer to print density as well as dot gain. The 
variation table has also told us all printing flows were carried out in a steady and smooth mode 
despite very minor disruption in the color of cyan in Press 1. 
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6 Summary 
This paper aims to find out whether the headset printers in NAHP have fulfilled their 
responsibilities in printing industry associated with advertisements. I have also identified three 
factors, namely print density, dot gain and L*a*b* within the technical domain in the printing 
industry. However, technical responsibility is as important as the social responsibility that a 
printer needs to execute. Therefore, if a printer didn’t show good performance in the technical 
area, we cannot come to conclusion arbitrarily that this printer has never fulfilled its 
responsibility to its advertisers or its audience. 

In my paper, four presses from three printers with six paper grades have been involved and their 
samples sent to me have been measured, studied and finally evaluated in the three aspects – 
density, dot gain and L*a*b*. These three factors are interconnected in printing itself and 
showed conformity in my experiment. It means when L*a*b* goes out of tolerance, it can be 
reflected by the print density not meeting the ISO standard. At the same, when print density goes 
higher beyond the ISO standard, the dot gain will also go higher, and vice versa. 

In the experiment, I found out that presses in a very high percentage in numbers had proven to be 
carrying out steady and smooth print run in the printing process, by showing low standard 
deviation in both print density and dot gain as well showing low variation in L*a*b*. However, 
problems have also been identified. Some presses, especially press 1, needs more ink level 
adjustments in order to show proximity to ISO standard, and this has been confirmed in both 
print density test and L*a*b* test. 

In all, three presses from NAHP have showed good performance in printing. Among them, Press 
3 has proven itself to be an excellent player by comparing either to the ISO standard or to the rest 
of the printers. 
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7 Recommendations for future work 
Based on what I have done in this thesis work, I would like to come up with 2 recommendations 
for the future. 

First, when I sent out requests to printers within the NAHP, I was hoping a much larger number 
of printers would like to participate in my thesis work. However, only three printers eventually 
responded, which I could not use the testing result from them as a piece of persuasive evidence 
to say it could represent the current situation of the printing quality in the Nordic countries. 
Therefore, the first recommendation would be if anyone who is interested in continuing to 
conduct research over I have accomplished and can motivate more printers with NAHP, I would 
be very happy to give my test result to him or her, and give my full support. 

Secondly, when I was conducting experiment regarding L*a*b*, time limit became a restraint, 
and I could not measure all samples I got from the heatset printers. Therefore, my second 
recommendation is that if anyone would like to study the L*a*b*, and found out more detailed 
correlation between L*a*b*, dot gain and print density, it is also greatly encouraged. 
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Appendixes 
 

Contact of NAHP members 

 

Country Company Contact e-mail 

Iceland Isafoldarprentsmidia Kjartan Kjartansson kjartan@isafold.is 

Norway Aller Trykk Frode Karlsen frode.karlsen@aller.no 

Norway Aktietrykkeriet Christian H. Horneman cho@aktietrykkeriet.no 

Norway Hjemmet Mortensen Trykkeri  Morgan Brenden morgan.brenden@hm-media.no 

Denmark Aller Tryk Jesper Jungersen jesper.jungersen@aller.dk 

Sweden JMS Mediasystem (Helsingborg) Mats Dyberg mats.dyberg@jms.se 

Sweden Ruter Lars G. Andersson larsg.andersson@ruter.se 

Sweden Sörmlands Grafiska Peter Elofsson peter.elofsson@sormlandsgrafiska.se 

Finland Acta Print Tuomo Koiranen Tuomo.Koiranen@actaprint.fi 

Finland Hansaprint (Vantaa) Mikko Saarela mikko.saarela@hansaprint.fi 

Estonia Kroonpress Gerd Lindmaa gerd.lindmaa@kroonpress.ee 

Estonia Printall Andrus Takkin andrus@printall.ee 

Estonia Unipress Ivar Kaselaid ivar@uniprint.ee 

Latvia PGM Visvaldis Troksa visvaldis_troksa@pgm.lv 

Lithuania Spaudos Konturai Raimundas Savukynas rs@spkonturai.lt 
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Printing Sample Specification 

 

 

Sample Specification 

 

1. All pieces of sample paper should be taken out after the printing has already been on 
for at least 3 hours.1 

 
2. All pieces of sample paper should contain the control strips with the test areas of 

40%, 80% and 100%. 
 
3. In total, we need two types of samples for testing from each press. Each sample 

should contain 125 pieces of the same sample, which is consisted of 25 groups. In 
other word, each group has 5 pieces in sequence. The difference between these two 
types is the paper grade, namely LWC and SC.2 Besides these two, MFC is also 
welcome. 

 
4. Samples need to be equally distributed in the whole printing process when being 

taken out. For example, if we are going to take 25 sample groups from the same 
magazine page, each group has 5 copies and we know that we are going to print 
25000 copies in the whole afternoon, we should take the first 5 copies (group 1) 
consecutively from copy nr. 1000 to nr. 1004, then the second 5 copies from copy nr. 
2000 to nr. 2004, and all the way to group 25 from copy nr. 25000 to nr. 25004. In 
total, there are 125 (25 x 5) copies. 
 

5. Please mark every copy with its group number. 
 
__________________________________ 
1 For example, if the printing house plans to print a magazine for a whole day, then the sample paper 
should be taken out in the afternoon. 

2 Why do we put one sample into 25 groups? We do this, because each group is taken out from the whole 
printing process at the different time, and in this case, it is reasonable and scientific for us to calculate the 
variation of each parameter we want. 
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Printing Sample Supplementary Form 
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Experiment results for print density 

Press Name: Press I   Measured Type:  Density   Average Density:    1.21   ISO:12647-2: 1.43 

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.007       

           Average Variation:    0.02       

Press Name:  Press I   Measured Type:   Density   Average Density:    1.24  ISO:12647-2:   1.33 

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.007      

           Average Variation:    0.02      

Press Name:  Press I   Measured Type:   Density   Average Density:    1.01  ISO:12647-2:   0.91 

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.008      

           Average Variation:    0.02      

Press Name:  Press I   Measured Type:   Density   Average Density:    1.58  ISO:12647-2:   1.75 

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.01      

           Average Variation:    0.03      

 

Print Density                        

Press 1   & LWC                        

Subgroup No.                         

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Cyan 1.22  1.21  1.20  1.22  1.19  1.24  1.24  1.24  1.24  1.23  1.24  1.24  1.23  1.22  1.19  1.18  1.19  1.18  1.19  1.20  1.21  1.22  1.21  1.22  1.21  

Magenta 1.22  1.22  1.24  1.24  1.23  1.21  1.23  1.23  1.25  1.24  1.26  1.25  1.24  1.25  1.23  1.23  1.25  1.23  1.23  1.22  1.22  1.25  1.25  1.25  1.25  

Yellow 1.00  1.00  0.99  0.98  0.98  0.99  0.99  1.00  1.01  1.01  1.03  1.02  1.03  1.03  1.01  1.02  1.02  0.99  0.99  1.00  1.00  1.01  1.01  1.00  1.01  

Black 1.62  1.58  1.58  1.60  1.58  1.55  1.57  1.59  1.57  1.60  1.56  1.56  1.58  1.57  1.58  1.56  1.57  1.59  1.62  1.57  1.60  1.57  1.59  1.58  1.58  

 

Press Name:  Press II   Measured Type:   Density   Average Density:    1.30   ISO:12647-2:   1.43 

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.007       

           Average Variation:    0.02       

Press Name:  Press II   Measured Type:   Density   Average Density:    1.25  ISO:12647-2:   1.33 

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.008      

           Average Variation:    0.02      

Press Name:  Press II   Measured Type:   Density   Average Density:    1.07  ISO:12647-2:   0.91 

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.006      

           Average Variation:    0.01      

Press Name:  Press II   Measured Type:   Density   Average Density:    1.61  ISO:12647-2:   1.75 

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.01      

           Average Variation:    0.03      

 

Print Density                        

Press 2   & LWC                        

Subgroup No.                         

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Cyan 1.34  1.31  1.31  1.32  1.31  1.31  1.30  1.29  1.31  1.33  1.30  1.31  1.34  1.30  1.28  1.28  1.30  1.30  1.29  1.28  1.30  1.28  1.27  1.28  1.28  

Magenta 1.24  1.24  1.25  1.25  1.25  1.24  1.26  1.26  1.26  1.26  1.24  1.26  1.28  1.24  1.25  1.26  1.26  1.24  1.24  1.28  1.22  1.25  1.26  1.26  1.25  

Yellow 1.06  1.07  1.07  1.07  1.07  1.06  1.07  1.07  1.06  1.07  1.08  1.08  1.07  1.04  1.08  1.08  1.07  1.09  1.09  1.09  1.07  1.09  1.08  1.08  1.06  

Black 1.60  1.60  1.65  1.60  1.61  1.62  1.66  1.63  1.64  1.66  1.57  1.64  1.62  1.61  1.60  1.60  1.61  1.62  1.61  1.61  1.59  1.60  1.61  1.59  1.59  
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Press Name: Press III   Measured Type:  Density   Average Density:    1.40   ISO:12647-2: 1.43 

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.008       

           Average Variation:    0.02       

Press Name:  Press III   Measured Type:   Density   Average Density:    1.41  ISO:12647-2:   1.33 

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.007      

           Average Variation:    0.02      

Press Name:  Press III   Measured Type:   Density   Average Density:    1.18  ISO:12647-2:   0.91 

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.013      

           Average Variation:    0.03      

Press Name:  Press III   Measured Type:   Density   Average Density:    1.75  ISO:12647-2:   1.75 

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.012      

           Average Variation:    0.03      

 

Print Density                        

Press 3   & LWC                        

Subgroup No.                         

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Cyan 1.41  1.35  1.41  1.43  1.42  1.40  1.39  1.38  1.37  1.36  1.39  1.39  1.42  1.35  1.40  1.41  1.41  1.38  1.37  1.37  1.40  1.43  1.44  1.43  1.40  

Magenta 1.40  1.39  1.41  1.40  1.39  1.41  1.42  1.41  1.41  1.40  1.43  1.40  1.42  1.39  1.41  1.40  1.42  1.40  1.40  1.40  1.40  1.40  1.41  1.42  1.43  

Yellow 1.18  1.22  1.17  1.18  1.17  1.17  1.25  1.17  1.17  1.24  1.17  1.16  1.21  1.16  1.17  1.20  1.18  1.17  1.15  1.20  1.19  1.18  1.18  1.19  1.19  

Black 1.73  1.70  1.71  1.72  1.69  1.77  1.76  1.73  1.77  1.77  1.77  1.79  1.75  1.73  1.74  1.75  1.76  1.74  1.75  1.77  1.77  1.77  1.75  1.78  1.76  

 

Press Name:  Press III   Measured Type:   Density   Average Density:    1.28   ISO:12647-2:   1.43 

Paper Type:  SC   Measured Color:  Cyan   Average Standard Deviation:   0.010       

           Average Variation:    0.03       

Press Name:  Press III   Measured Type:   Density   Average Density:    1.33  ISO:12647-2:   1.33 

Paper Type:  SC   Measured Color:  Magenta   Average Standard Deviation:   0.012      

           Average Variation:    0.03      

Press Name:  Press III   Measured Type:   Density   Average Density:    1.12  ISO:12647-2:   0.91 

Paper Type:  SC   Measured Color:  Yellow   Average Standard Deviation:   0.01      

           Average Variation:    0.02      

Press Name:  Press III   Measured Type:   Density   Average Density:    1.70   ISO:12647-2:   1.75 

Paper Type:  SC   Measured Color:  Black   Average Standard Deviation:   0.014      

           Average Variation:    0.03      

 

Print Density                        

Press 3   & SC                        

Subgroup No.                         

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Cyan 1.26  1.31  1.30  1.29  1.30  1.29  1.28  1.28  1.28  1.28  1.28  1.29  1.29  1.28  1.28  1.28  1.29  1.27  1.28  1.29  1.27  1.28  1.27  1.28  1.29  

Magenta 1.34  1.34  1.36  1.31  1.36  1.32  1.35  1.31  1.30  1.34  1.31  1.34  1.30  1.34  1.34  1.34  1.36  1.36  1.36  1.35  1.30  1.32  1.31  1.34  1.32  

Yellow 1.12  1.13  1.13  1.12  1.13  1.13  1.12  1.13  1.13  1.13  1.12  1.13  1.13  1.12  1.12  1.13  1.13  1.13  1.13  1.13  1.12  1.12  1.12  1.12  1.12  

Black 1.72  1.74  1.74  1.73  1.73  1.73  1.72  1.70  1.72  1.73  1.70  1.69  1.70  1.70  1.67  1.67  1.67  1.67  1.67  1.69  1.69  1.69  1.69  1.68  1.71  
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Press Name: Press IV   Measured Type:  Density   Average Density:    1.29   ISO:12647-2: 1.43 

Paper Type:  MFC   Measured Color:  Cyan   Average Standard Deviation:   0.014       

           Average Variation:    0.03       

Press Name:  Press IV   Measured Type:   Density   Average Density:    1.34  ISO:12647-2:   1.33 

Paper Type:  MFC   Measured Color:  Magenta   Average Standard Deviation:   0.012      

           Average Variation:    0.03      

Press Name:  Press IV   Measured Type:   Density   Average Density:    1.27  ISO:12647-2:   0.91 

Paper Type:  MFC   Measured Color:  Yellow   Average Standard Deviation:   0.015      

           Average Variation:    0.04      

Press Name:  Press IV   Measured Type:   Density   Average Density:    1.68   ISO:12647-2:   1.75 

Paper Type:  MFC   Measured Color:  Black   Average Standard Deviation:   0.024      

           Average Variation:    0.06      

 

Print 

Density 
                        

Press 4   & MFC                        

Subgroup No.                         

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Cyan 1.18  1.23  1.34  1.28  1.31  1.27  1.32  1.32  1.37  1.26  1.30  1.28  1.31  1.28  1.30  1.31  1.25  1.37  1.30  1.28  1.27  1.26  1.28  1.30  1.29  

Magenta 1.32  1.31  1.32  1.35  1.35  1.33  1.36  1.36  1.40  1.35  1.36  1.34  1.33  1.32  1.36  1.33  1.33  1.30  1.32  1.31  1.34  1.35  1.31  1.31  1.33  

Yellow 1.25  1.25  1.25  1.24  1.25  1.28  1.28  1.31  1.32  1.36  1.29  1.28  1.27  1.28  1.28  1.28  1.29  1.28  1.24  1.24  1.26  1.26  1.24  1.25  1.24  

Black 1.72  1.71  1.68  1.63  1.65  1.62  1.65  1.72  1.81  1.78  1.70  1.72  1.72  1.64  1.72  1.70  1.69  1.67  1.64  1.64  1.69  1.69  1.64  1.62  1.64  

 

Press Name: Press I   Measured Type:  Density   Average Density:    1.13   ISO:12647-2: 1.43 

Paper Type:  MFC   Measured Color:  Cyan   Average Standard Deviation:   0.007       

           Average Variation:    0.02       

Press Name:  Press I   Measured Type:   Density   Average Density:    1.07  ISO:12647-2:   1.33 

Paper Type:  MFC   Measured Color:  Magenta   Average Standard Deviation:   0.009      

           Average Variation:    0.02      

Press Name:  Press I   Measured Type:   Density   Average Density:    1.04  ISO:12647-2:   0.91 

Paper Type:  MFC   Measured Color:  Yellow   Average Standard Deviation:   0.012      

           Average Variation:    0.03      

Press Name:  Press I   Measured Type:   Density   Average Density:    1.39   ISO:12647-2:   1.75 

Paper Type:  MFC   Measured Color:  Black   Average Standard Deviation:   0.012      

           Average Variation:    0.03      

 

Print 

Density 
                        

Press 1   & MFC                        

Subgroup No.                         

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 

Cyan 1.18  1.18  1.16  1.11  1.06  1.09  1.05  1.05  1.05  1.06  0.98  0.97  1.01  1.01  1.09  1.09  1.08  1.09  1.26  1.26  1.31  1.26  1.25  1.26  1.22  

Magenta 1.24  1.13  1.09  1.03  0.97  1.03  0.98  1.03  1.00  1.02  1.05  1.04  0.95  1.00  1.06  1.08  1.09  1.06  1.15  1.14  1.16  1.12  1.15  1.07  1.08  

Yellow 1.16  1.18  1.15  1.09  1.07  1.10  1.07  1.07  1.05  1.08  0.96  1.03  0.94  0.90  1.02  1.02  1.01  1.00  1.02  1.01  1.01  0.95  1.07  1.07  1.04  

Black 1.36  1.35  1.32  1.30  1.30  1.29  1.26  1.28  1.27  1.26  1.31  1.30  1.22  1.21  1.47  1.47  1.47  1.46  1.53  1.52  1.52  1.56  1.54  1.55  1.54  
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Experiment results for dot gain 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    14.40%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    1.10%  Variation Tolerance:   3.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    14.50%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.80%  Variation Tolerance:   3.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    14.60%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.20%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.50%  Variation Tolerance:   3.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    13.90%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.60%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    1.60%  Variation Tolerance:   3.00% 

 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    23.30%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   1.40%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    3.50%  Variation Tolerance:   4.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    23.40%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   1.00%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    2.50%  Variation Tolerance:   4.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    21.60%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.60%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.40%  Variation Tolerance:   4.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    26.40%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   1.50%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    3.70%  Variation Tolerance:   4.00% 

 

Press Name: Press II  Measured Type:  Dot Gain   Average Dot Gain:    9.80%  ISO:12647-2    

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.90%  Variation Tolerance:   3.00% 

Press Name:  Press II   Measured Type:  Dot Gain   Average Dot Gain:    10.90%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.20%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.60%  Variation Tolerance:   3.00% 

Press Name:  Press II   Measured Type:  Dot Gain   Average Dot Gain:    12.20%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.20%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.50%  Variation Tolerance:   3.00% 

Press Name:  Press II   Measured Type:  Dot Gain   Average Dot Gain:    8.20%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.70%  Variation Tolerance:   3.00% 
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Press Name: Press II  Measured Type:  Dot Gain   Average Dot Gain:    17.40%  ISO:12647-2    

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.80%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.90%  Variation Tolerance:   4.00% 

Press Name:  Press II   Measured Type:  Dot Gain   Average Dot Gain:    17.00%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.60%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.40%  Variation Tolerance:   4.00% 

Press Name:  Press II   Measured Type:  Dot Gain   Average Dot Gain:    16.10%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.40%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.10%  Variation Tolerance:   4.00% 

Press Name:  Press II   Measured Type:  Dot Gain   Average Dot Gain:    12.40%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.60%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.60%  Variation Tolerance:   4.00% 

 

Press Name: Press III Measured Type:  Dot Gain   Average Dot Gain:    5.70%  ISO:12647-2    

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    1.00%  Variation Tolerance:   3.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    12.10%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.20%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.40%  Variation Tolerance:   3.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    12.10%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.80%  Variation Tolerance:   3.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    10.60%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   0.70%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    1.60%  Variation Tolerance:   3.00% 

 

Press Name: Press III Measured Type:  Dot Gain   Average Dot Gain:    8.00%  ISO:12647-2    

Paper Type:  LWC   Measured Color:  Cyan   Average Standard Deviation:   0.60%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.60%  Variation Tolerance:   4.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    20.70%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Magenta   Average Standard Deviation:   0.50%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.20%  Variation Tolerance:   4.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    18.40%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Yellow   Average Standard Deviation:   0.60%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.60%  Variation Tolerance:   4.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    19.30%  ISO:12647-2     

Paper Type:  LWC   Measured Color:  Black   Average Standard Deviation:   1.40%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    3.30%  Variation Tolerance:   4.00% 
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Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    10.20%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Cyan   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.70%  Variation Tolerance:   3.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    11.10%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Magenta   Average Standard Deviation:   0.20%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.50%  Variation Tolerance:   3.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    10.40%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Yellow   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.70%  Variation Tolerance:   3.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    13.30%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Black   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.90%  Variation Tolerance:   3.00% 

 

Press Name: Press III Measured Type:  Dot Gain   Average Dot Gain:    13.90%  ISO:12647-2    

Paper Type:  SC   Measured Color:  Cyan   Average Standard Deviation:   0.70%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.80%  Variation Tolerance:   4.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    16.70%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Magenta   Average Standard Deviation:   0.50%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.30%  Variation Tolerance:   4.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    12.50%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Yellow   Average Standard Deviation:   0.60%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.50%  Variation Tolerance:   4.00% 

Press Name:  Press III   Measured Type:  Dot Gain   Average Dot Gain:    24.00%  ISO:12647-2     

Paper Type:  SC   Measured Color:  Black   Average Standard Deviation:   1.00%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    2.40%  Variation Tolerance:   4.00% 

 

Press Name: Press IV  Measured Type:  Dot Gain   Average Dot Gain:    11.30%  ISO:12647-2    

Paper Type:  MFC   Measured Color:  Cyan   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.90%  Variation Tolerance:   3.00% 

Press Name:  Press IV   Measured Type:  Dot Gain   Average Dot Gain:    11.90%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Magenta   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.60%  Variation Tolerance:   3.00% 

Press Name:  Press IV   Measured Type:  Dot Gain   Average Dot Gain:    14.90%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Yellow   Average Standard Deviation:   0.20%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.60%  Variation Tolerance:   3.00% 

Press Name:  Press IV   Measured Type:  Dot Gain   Average Dot Gain:    13.90%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Black   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    1.10%  Variation Tolerance:   3.00% 
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Press Name: Press IV  Measured Type:  Dot Gain   Average Dot Gain:    18.40%  ISO:12647-2    

Paper Type:  MFC   Measured Color:  Cyan   Average Standard Deviation:   0.70%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.70%  Variation Tolerance:   4.00% 

Press Name:  Press IV   Measured Type:  Dot Gain   Average Dot Gain:    21.00%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Magenta   Average Standard Deviation:   0.40%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.10%  Variation Tolerance:   4.00% 

Press Name:  Press IV   Measured Type:  Dot Gain   Average Dot Gain:    27.50%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Yellow   Average Standard Deviation:   0.40%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.00%  Variation Tolerance:   4.00% 

Press Name:  Press IV   Measured Type:  Dot Gain   Average Dot Gain:    25.50%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Black   Average Standard Deviation:   1.20%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    3.00%  Variation Tolerance:   4.00% 

 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    9.60%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Cyan   Average Standard Deviation:   0.70%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    1.80%  Variation Tolerance:   3.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    8.30%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Magenta   Average Standard Deviation:   0.40%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.90%  Variation Tolerance:   3.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    11.40%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Yellow   Average Standard Deviation:   0.30%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    0.80%  Variation Tolerance:   3.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    11.20%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Black   Average Standard Deviation:   1.00%  Deviation Tolerance:   3.00% 

     Percentage:   80%   Average Variation:    2.50%  Variation Tolerance:   3.00% 

 

Press Name: Press I   Measured Type:  Dot Gain   Average Dot Gain:    18.60%  ISO:12647-2    

Paper Type:  MFC   Measured Color:  Cyan   Average Standard Deviation:   1.50%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    3.60%  Variation Tolerance:   4.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    16.70%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Magenta   Average Standard Deviation:   0.90%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    2.20%  Variation Tolerance:   4.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    22.70%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Yellow   Average Standard Deviation:   0.50%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    1.30%  Variation Tolerance:   4.00% 

Press Name:  Press I   Measured Type:  Dot Gain   Average Dot Gain:    24.30%  ISO:12647-2     

Paper Type:  MFC   Measured Color:  Black   Average Standard Deviation:   2.30%  Deviation Tolerance:   4.00% 

     Percentage:   40%   Average Variation:    5.60%  Variation Tolerance:   4.00% 
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Experiment results for L*a*b* 

Press Name:  Press I   Measured Type:  L*a*b*       ISO:12647-2:   L*: 54 a*: -37 b*: -42 

Paper Type:  LWC   Measured Color:  Cyan   Deviation ΔE: 8.09  Deviation Tolerance:   5     

           Variation:  4.35  Variation Tolerance:   2.5     

Press Name:  Press I   Measured Type:  L*a*b*       ISO:12647-2:   L*: 45 a*: 71 b*: -2 

Paper Type:  LWC   Measured Color:  Magenta   Deviation ΔE: 8.07  Deviation Tolerance:   8     

           Variation:  0.84  Variation Tolerance:   4     

Press Name:  Press I   Measured Type:  L*a*b*       ISO:12647-2:   L*: 82 a*: -6 b*: 86 

Paper Type:  LWC   Measured Color:  Yellow   Deviation ΔE: 9.61  Deviation Tolerance:   6     

           Variation:  1.13  Variation Tolerance:   3     

Press Name:  Press I   Measured Type:  L*a*b*       ISO:12647-2:   L*: 20 a*: 0 b*: 0 

Paper Type:  LWC   Measured Color:  Black   Deviation ΔE: 3.22  Deviation Tolerance:   4     

           Variation:  0.25  Variation Tolerance:   2     

 

Press Name: Press II   Measured Type: L*a*b*      ISO:12647-2:  L*: 54 a*: -37 b*: -42 

Paper Type:  LWC   Measured Color:  Cyan   Deviation ΔE: 5.15  Deviation Tolerance:   5     

           Variation:  0.56  Variation Tolerance:   2.5     

Press Name:  Press II   Measured Type:  L*a*b*       ISO:12647-2:   L*: 45 a*: 71 b*: -2 

Paper Type:  LWC   Measured Color:  Magenta   Deviation ΔE: 6.05  Deviation Tolerance:   8     

           Variation:  0.81  Variation Tolerance:   4     

Press Name:  Press II   Measured Type:  L*a*b*       ISO:12647-2:   L*: 82 a*: -6 b*: 86 

Paper Type:  LWC   Measured Color:  Yellow   Deviation ΔE: 7.65  Deviation Tolerance:   6     

           Variation:  1.33  Variation Tolerance:   3     

Press Name:  Press II   Measured Type:  L*a*b*       ISO:12647-2:   L*: 20 a*: 0 b*: 0 

Paper Type:  LWC   Measured Color:  Black   Deviation ΔE: 1.91  Deviation Tolerance:   4     

           Variation:  0.26  Variation Tolerance:   2     

 

Press Name: Press III  Measured Type: L*a*b*      ISO:12647-2:  L*: 54 a*: -37 b*: -42 

Paper Type:  LWC   Measured Color:  Cyan   Deviation ΔE: 6.1  Deviation Tolerance:   5     

           Variation:  0.35  Variation Tolerance:   2.5     

Press Name:  Press III   Measured Type:  L*a*b*       ISO:12647-2:   L*: 45 a*: 71 b*: -2 

Paper Type:  LWC   Measured Color:  Magenta   Deviation ΔE: 5.17  Deviation Tolerance:   8     

           Variation:  0.25  Variation Tolerance:   4     

Press Name:  Press III   Measured Type:  L*a*b*       ISO:12647-2:   L*: 82 a*: -6 b*: 86 

Paper Type:  LWC   Measured Color:  Yellow   Deviation ΔE: 5.92  Deviation Tolerance:   6     

           Variation:  1.04  Variation Tolerance:   3     

Press Name:  Press III   Measured Type:  L*a*b*       ISO:12647-2:   L*: 20 a*: 0 b*: 0 

Paper Type:  LWC   Measured Color:  Black   Deviation ΔE: 1.1  Deviation Tolerance:   4     

           Variation:  0.41  Variation Tolerance:   2     
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Macros for processing the data in Excel files 

Sub Density_Solve() 

  

Dim i, j, k, sumD, averageD 

  

sumD = 0 

k = 5 

  

Worksheets("Result-Den").Cells(1, 4) = Worksheets("Data-Den").Cells(1, 3) 

Worksheets("Result-Den").Cells(2, 4) = Worksheets("Data-Den").Cells(2, 3) 

Worksheets("Result-Den").Cells(1, 2) = Worksheets("Data-Den").Cells(1, 1) 

Worksheets("Result-Den").Cells(2, 2) = Worksheets("Data-Den").Cells(2, 1) 

Worksheets("Result-Den").Cells(2, 10) = Worksheets("Data-Den").Cells(3, 1) 

  

    For i = 2 To 26 

  

        For j = 5 To 9 

     

            sumD = Worksheets("Data-Den").Cells(k, 2) + Worksheets("Data-Den").Cells(k, 3) + Worksheets("Data-Den").Cells(k, 4) 

            averageD = sumD / 3 

            Worksheets("Result-Den").Cells(j, i) = averageD 

            k = k + 1 

             

        Next j 

         

    Next i 

     

If Worksheets("Result-Den").Cells(2, 10) = "Black" Then 

  

    Worksheets("Result-Den").Cells(1, 23) = 1.75 

     

ElseIf Worksheets("Result-Den").Cells(2, 10) = "Cyan" Then 

  

    Worksheets("Result-Den").Cells(1, 23) = 1.43 

     

ElseIf Worksheets("Result-Den").Cells(2, 10) = "Yellow" Then 

  

    Worksheets("Result-Den").Cells(1, 23) = 0.91 

     

ElseIf Worksheets("Result-Den").Cells(2, 10) = "Magenta" Then 

  

    Worksheets("Result-Den").Cells(1, 23) = 1.33 

     

End If 

     

End Sub 
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Sub DotGain_Solve() 

 

Dim i, j, k, sumD, averageD 

 

sumD = 0 

k = 5 

 

Worksheets("Result-DG").Cells(1, 4) = Worksheets("Data-DG").Cells(1, 3) 

Worksheets("Result-DG").Cells(2, 4) = Worksheets("Data-DG").Cells(2, 3) 

Worksheets("Result-DG").Cells(1, 2) = Worksheets("Data-DG").Cells(1, 1) 

Worksheets("Result-DG").Cells(2, 2) = Worksheets("Data-DG").Cells(2, 1) 

Worksheets("Result-DG").Cells(2, 10) = Worksheets("Data-DG").Cells(3, 1) 

Worksheets("Result-DG").Cells(3, 10) = Worksheets("Data-DG").Cells(3, 3) 

     

    For i = 2 To 26 

 

        For j = 5 To 9 

     

            sumD = Worksheets("Data-DG").Cells(k, 2) + Worksheets("Data-DG").Cells(k, 3) + 

Worksheets("Data-DG").Cells(k, 4) 

            averageD = sumD / 3 

            Worksheets("Result-DG").Cells(j, i) = averageD 

            k = k + 1 

             

        Next j 

         

    Next i 

     

If Worksheets("Result-DG").Cells(3, 10) = 0.4 Then 

 

    Worksheets("Result-DG").Cells(2, 24) = 0.04 

    Worksheets("Result-DG").Cells(3, 24) = 0.04 

     

ElseIf Worksheets("Result-DG").Cells(3, 10) = 0.8 Then 

 

    Worksheets("Result-DG").Cells(2, 24) = 0.03 

    Worksheets("Result-DG").Cells(3, 24) = 0.03 

     

End If 

     

End Sub 
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Sub LAB_Solve() 

Dim i, j, k, l, ll, aa, bb, dt, vt 

sumD = 0 

k = 5 

l = 2 

Worksheets("Result-LAB").Cells(1, 4) = Worksheets("Data-LAB").Cells(1, 3) 

Worksheets("Result-LAB").Cells(2, 4) = Worksheets("Data-LAB").Cells(2, 3) 

Worksheets("Result-LAB").Cells(2, 10) = Worksheets("Data-LAB").Cells(3, 1) 

    For i = 2 To 26 

        For j = 5 To 7 

            Worksheets("Result-LAB").Cells(j, i) = Worksheets("Data-LAB").Cells(k, l) 

            l = l + 1 

        Next j 

        k = k + 1 

        l = 2 

    Next i 

If Worksheets("Result-LAB").Cells(2, 10) = "Black" Then 

    ll = 20，aa = 0，bb = 0 

    dt = 4 

    vt = 2 

ElseIf Worksheets("Result-LAB").Cells(2, 10) = "Cyan" Then 

    ll = 54，aa = -37 

    bb = -42 

    dt = 5 

    vt = 2.5 

ElseIf Worksheets("Result-LAB").Cells(2, 10) = "Yellow" Then 

    ll = 82，aa = -6 

    bb = 86 

    dt = 6 

    vt = 3 

ElseIf Worksheets("Result-LAB").Cells(2, 10) = "Magenta" Then 

    ll = 45，aa = 71 

    bb = -2 

    dt = 8 

    vt = 4 

End If 

Worksheets("Result-LAB").Cells(1, 21) = ll 

Worksheets("Result-LAB").Cells(1, 23) = aa 

Worksheets("Result-LAB").Cells(1, 25) = bb 

Worksheets("Result-LAB").Cells(2, 21) = dt 

Worksheets("Result-LAB").Cells(3, 21) = vt 

For i = 2 To 26 

    Worksheets("Result-LAB").Cells(8, i) = Sqr((Worksheets("Result-LAB").Cells(5, i) - ll) ^ 2 + 

(Worksheets("Result-LAB").Cells(6, i) - aa) ^ 2 + (Worksheets("Result-LAB").Cells(7, i) - bb) ^ 2) 

Next i 

End Sub 

 


