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Abstract 

Waste paper is a big problem in the graphic arts business, both from an 
environmental point of view and from a financial one. Since focus is often put 
on obtaining low costs and high production speed, the work of reducing the 
amount of waste paper becomes a secondary issue for many companies.  
 
In this master thesis we have looked for reasons for waste paper generation 
in the beginning of the printing process, the adjustment phase, by studying 
the printing press Heidelberg Speedmaster CD 102-5 at the printing house 
Larsson Offsettryck AB in Linköping.  We have found suggestions on how to 
reduce the amount of waste paper by observing and interviewing the staff 
members at Larsson Offsettryck AB, measuring print quality and perform 
analyses based on the theoretical knowledge we have obtained through our 
studies at Linköping University. For our test printings we used one coated 
paper quality, Tom&Otto Silk 150 g, and one uncoated paper quality, Maxi 
Offset 170 g. To analyse the printing result we used both objective and 
subjective evaluations. 
 
The result from our study is that the adjustments made in the beginning of 
the printing process, to achieve correct colour level, can be finished earlier 
than the printing press indicates. A total of 40-60 sheets can be saved for each 
adjustment. According to our research the number of sheets per adjustment 
at Larsson Offsettryck AB today is approximately 140, which means that the 
number of adjustment sheets for Larsson Offsettryck AB can be decreased by 
roughly 35 % through this simple alteration of the printing process.  
 
We have also examined the ICC profiles used at the printing house and 
concluded that the grey balance for uncoated paper is not satisfactory and 
should be improved. 
 
 



 

 

 

Sammanfattning 

Pappersmakulatur är ett stort problem inom den grafiska branschen, både ur 
miljöperspektiv och ur en ekonomisk synvinkel. Eftersom fokus ofta läggs på 
att hålla låga priser och hög produktionshastighet blir arbetet med att minska 
mängden pappersmakulatur en sekundär fråga för många företag. 
 
I detta examensarbete har vi sökt orsaker till makulaturuppkomst i början av 
tryckprocessen, inställningsfasen, genom att studera tryckpressen Heidelberg 
Speedmaster CD 102-5 på tryckeriet Larsson Offsettryck AB i Linköping. Vi 
har tagit fram förslag på hur mängden makulatur kan minskas genom att 
observera och intervjua personalen på Larsson Offsettryck AB, mäta 
tryckkvalitet och utföra analyser baserade på den teoretiska kunskap vi 
införskaffat under vår utbildning vid Linköpings universitet. För våra 
testtryckningar har vi använt oss av en bestruken typ av papper, Tom&Otto 
Silk 150 g, och en obestruken typ av papper, Maxi Offset 170 g. För att 
analysera våra resultat har vi använt oss av både objektiva och subjektiva 
utvärderingsmetoder.  
 
Våra resultat visar att de justeringar som görs i början av tryckprocessen, för 
att åstadkomma rätt färgbalans i tryckpressen, kan avslutas tidigare än vad 
tryckpressen indikerar. Under varje justering kan 40-60 ark sparas. Enligt vår 
undersökning krävs det idag omkring 140 ark per justering på Larsson 
Offsettryck AB, vilket innebär att antalet inställningsark kan minskas med 
cirka 35 % genom denna enkla förändring av tryckprocessen.  
 
Vi har även undersökt Larsson Offsettryck AB:s ICC-profiler och slutit oss till 
att den gråbalans som återfinns i profilen för obestruket papper inte är 
optimal och kräver förbättring.    
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1 Background 
Waste paper is a big problem in the graphic arts business, from an environmental point 
of view as well as from a financial one. Since focus is often put on production speed and 
lowering costs, the reduction of waste paper becomes a secondary issue for many 
companies. While working on our thesis at Larsson Offsettryck AB in Linköping, we 
have had the time and ability to focus on this issue. We have looked for reasons for 
waste paper generation and found suggestions on improvements. Our research has 
included observations, measurements and analyses based on the theoretical knowledge 
we have obtained through our studies at Linköping University. 

1.1 Aim 

This thesis considers investigating the complex problems of waste paper at Larsson 
Offsettryck AB. The aim is to identify the causes of waste paper generation when the 
colour levels are adjusted in the beginning of the printing process, the adjustment phase, 
and to find ways to reduce the amount of waste paper in this part of the printing 
process. In this thesis, waste paper is defined as all the paper that the printing house 
uses to produce a printed matter and that is not a part of the finished product ordered 
by the customer.  

1.2 Problem formulation 

The questions we aim to answer in the scope of this thesis are: What are the main 
reasons of waste paper generation during the adjustment phase; in this thesis referred to 
as adjustment sheets, at Larsson Offsettryck AB? Can the adjustments be standardised in 
any way, resulting in reduction of the number of adjustment sheets? Can changes made 
to the ICC profiles help reducing the number of adjustment sheets? What role does the 
human factor play in the number of adjustment sheets produced during printing?  

1.3 Delimitation 

During the work with reducing the amount of waste paper generated at Larsson 
Offsettryck AB, our focus has been on the printing press Heidelberg Speedmaster CD 
102-5. We have looked at different print quality aspects and examined the ICC profiles 
used at Larsson Offsettryck AB in order to find sources of superfluous waste paper 
generation. No focus has been put on the mechanical function of the printing press. 
What kind of ink that is used in the printing press, as well as what motif is being 
printed, has also been disregarded. As far as waste is concerned we have looked at 
paper waste, and focused solely on the waste that is generated during the adjustment 
phase of the printing process. For our test printings we have used two specific paper 
qualities, the coated paper quality Tom&Otto Silk 150 g and the uncoated paper quality 
Maxi Offset 170 g, that are commonly used at Larsson Offsettryck AB.  
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1.4 Method  

The work on this thesis began with literature studies on the subjects of colour 
management systems and print quality. Parallel to the literature studies, we have 
observed and interviewed the staff at Larsson Offsettryck AB in order to get an 
understanding of the work procedures at the company. The investigations of the 
printing press performance and the colour management system have been based on test 
printings and measurements of the printings. This has given us the opportunity to see 
which parameters affect the quality of the final print. The measured values have been 
analysed through calculations, pondering, discussions with supervisor and examiner 
and further literature studies. The results of the analysis have lead to suggestions on 
how to improve the printing process, concerning the reduction of waste paper 
generation during the adjustment phase.  

2 Larsson Offsettryck AB 
Larsson Offsettryck AB is a printing house located in Linköping. The number of 
employees at Larsson Offsettryck AB is 21. Larsson Offsettryck AB's turnover is about 41 
million SEK per year. The company has several returning customers, for example 
Cloetta Fazer and Saab AB. The company has two printing presses; both using the sheet 
fed offset printing technique that is explained in chapter 7. The printing presses are 
Heidelberg Speedmaster CD 102-5 and Heidelberg GTO 52. The Speedmaster printing 
press has automatic settings and the GTO printing press has manual settings. The 
Heidelberg Speedmaster printing press is the one examined in this thesis and is 
described in more detail in chapter 8. Larsson Offsettryck AB works with the entire 
printing process, all the way from prepress to postpress. This means that Larsson 
Offsettryck AB can make a complete printed matter, from a computer file to a finished 
product [20].  
 
At the prepress station at Larsson Offsettryck AB the staff works with document 
handling, image processing, hard proofing and plate making. All plates are made 
through computer-to-plate technology. In the prepress division, proof printings and 
dummies are made. The proof printings are produced on digital printers and represent a 
final product. These are shown to the customer for approval before the printing starts. 
The printing press operator uses the proof printing as a reference of how the final print 
result should look like. Dummies are prototypes for folded products. Prepress uses the 
dummy in order to see how the folded product will look like and to make sure that all 
the pages, in a product with several pages, are placed in the right order. The last step at 
Larsson Offsettryck AB is postpress, where all products are trimmed, folded, stapled 
and distributed to the customers. 
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3 Waste from the printing industry  
"Every product we consume has /.../ an unwritten inventory of its materials, resources, and 

impacts. It also has attendant waste generated by its use and disposition. In Germany, this 

hidden history is called "ecological rucksack." /.../ One ton of paper requires the use of 98 tons of 

various resources." [4] 
 
As the quote above states, the waste of products generates great hidden costs in 
resources. Therefore it is important to reduce waste, from an environmental point of 
view as well as from an economical one. The reduction of one tonne of paper wasted 
could, according to the quote, save up to 98 tonnes of resources. It would also greatly 
benefit a business economically to reduce the amount of paper wasted during the 
printing process since paper is a large percentage of the cost of many printed products.  
 
Besides paper, there are several other types of waste generated by the printing industry 
from activities like plate making, image processing, printing and finishing. The industry 
is chemical-intensive; some of the waste can be harmful to the environment if it is not 
appropriately handled and yet some is even classified as hazardous. All waste has to be 
properly disposed, which generates great costs for the business. The types of waste 
generated by the printing industry include [16]:  
 

• Waste paper 
• Lubricant fluids 
• Chemicals, inks and solvents 
• Dirty rags 
• Filters 
• Absorbents 
• Process wastewater 
• Printing plates 
• Empty product containers 

 
All waste represents loss of resources and money and the reduction of waste can help 
printing houses to reduce their operating costs and waste disposal costs, but it can also 
help improving workplace safety and health and project a positive public image.  
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4 Waste paper in the printing industry 
In the printing process, paper is the largest waste class and a total of 15% of the paper 
used by the printing companies ends up as waste. When printing newspapers, the total 
amount of waste paper generated is roughly 10% and in the magazine printing the waste 
is usually 15-20%. In the book printing industry up to 30% of the used paper ends up as 
waste. Today many printing companies try to reduce the amount of waste paper and 
start so-called waste wars. To be able to reduce the waste, one must first know where in 
the printing process the waste paper appears. The total amount of paper wasted during 
the printing process is calculated by the amount of incoming paper subtracted by the 
amount of the final products sent to customers [17].  
 
The definition of waste paper, in the graphic arts industry, is all the paper that the 
printing house uses to produce a printed matter and that is not a part of the finished 
product ordered by the customer. The waste paper also contains remainder from paper 
rolls, waste from the postpress, adjustment sheets in both the printing press and the 
postpress and discard products that the customer does not accept and returns to the 
printing house. Wrapping waste and used paper rolls are not waste paper [11].  
 
Waste paper can be divided into two categories: white waste and printed waste. The 
white waste is paper thrown away before printing. The waste called printed waste is 
mainly produced in the printing stage. It is the waste produced in the printing stage that 
is the focus of this thesis. Almost all paper wasted from the printing industry can be 
recycled and used again as a raw material for paper production. Before printed waste 
can be recycled, the paper must be de-inked. De-inking means that the paper is broken 
into fibres and chemicals and physical processes are used in order to remove ink and 
other impurities. 

4.1 Waste paper in offset printing 

When using the offset printing technique, most of the waste paper is generated in the 
beginning when the colour levels and the balance between colour and water in the press 
is being adjusted. In this thesis, this is referred to as the adjustment phase. Since this is 
the main source of waste paper reduction in this area, the adjustment sheets, give the 
highest impact on the amount of discarded paper. Therefore the waste paper generated 
during the adjustment phase is the focus of the thesis. All sheets that are printed during 
this first period are called adjustment sheets. After the last adjustment sheet, when the 
printing press operator finds the print quality approvable, the production of printed 
matter that will be delivered to the customer starts.  
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When printing a two-side printed matter there are three ways of turning the paper 
during printing. The first one is called prima-sekunda where the printing press operator 
first prints on the first side and then a second motif on the second side. For this, two 
separate plates are used. The second one is a so-called turnover, where the sheets that 
have been printed on one side are turned and the same motif is printed on the second 
side when the same sheets go through the press again. They are printed with the same 
plate, i.e. only one plate is used. The paper can be turned in two ways, either turned 
over a vertical line or over a horizontal line. The turnover methods cause the most waste 
paper, since it is hard to align the prints on both sides of the sheets; register problems 
between the sides of the sheet often occur. The test printings performed during this 
thesis have not included any two-side printings [5].  
 
The amount of waste paper generated during setup is mostly a function of the press 
operator's experience or lack of experience, the complexity of the printed matter and the 
number of inks, of different colours tones, required. Directly after start, when the press 
is still running slow, proportionally more water is supplied than when it is running at 
full speed. The amount of ink fed also depends on which speed the printing press has. If 
the printing house has good colour management, the colour settings in the beginning 
will require fewer adjustments of the colours and cause less waste of paper [12].  

4.2 Waste paper at Larsson Offsettryck AB 

There are many origins of waste paper at a business like Larsson Offsettryck AB; waste 
is generated in every step of the printing process. For example waste paper is generated: 

• In prepress  
o dummies and proof printings  
o profiles that are not optimal  

• In the printing press  
o adjustment sheets 

� the printing press operators are unnecessarily thorough 
� the printing press is old and has not been properly calibrated  

o problems during printing 
� if the printing press is stopped during printing, the colour levels 

will need some time to stabilise 
� paper stuck in the printing press 

• In postpress 
o paper that is being trimmed 

� margins and cut-aways when different products are co-printed on 
the same sheet, see figure 1 

o problems, faults, can be discovered in the prints, which means that the 
prints have to be thrown away and the entire process starts over 
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Figure 1: Paper trimming: left – margins, right – cut-away   

 
Besides the waste paper that is generated in the specific steps of the printing process, 
there are other sources of waste paper. For example, for every printing job ordered by a 
customer, a certain amount of overproduction is included to make sure the customer 
gets at least the ordered amount of the final product.  
 
Since Larsson Offsettryck AB has limited storage, trade-offs have to be made between 
storing papers of many formats and papers of many different qualities. Larsson 
Offsettryck AB has solved the problem by mostly keeping a standard paper format, but 
several paper qualities. The standard size of paper generates paper waste, since the 
prints vary and must be trimmed into the desired sizes and shapes. Some of the paper 
bought by Larsson Offsettryck AB is not being used and after a period of time it has to 
be thrown away unused. For example, if a paper of an “unusual” quality is used for a 
small order an entire loading pallet might have to be bought and the leftover remains 
stored until the paper is too old and of too poor quality to be used for printing [19, 21].  
 
At Larsson Offsettryck AB, like at most other printing companies, production speed is 
the main focus. There is no reason for the printing house to achieve much higher quality 
than the one approved by the customers and therefore quantity often goes before quality 
since it is considered more important to produce many copies in little time than to make 
sure that all settings in the printing press are precisely accurate. This also leads to 
increased paper waste. Table 1 shows the waste paper at Larsson Offsettryck AB from 
year 2004 to year 2006 [20]. 
 
Table 1: Larsson's waste in numbers 

Year 
Total buy  
(tonne) 

Waste  
(tonne) 

Waste  
(%) 

2004 552621 143910 26 

2005 666695 173570 26 

2006 694313 239540 34 
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4.3 Questionnaire on waste paper 

We needed to know how many adjustment sheets a printing job at Larsson Offsettryck 
AB usually generates I order to measure the reduction achieved through the work on 
this thesis. For this purpose we made a questionnaire where the printing press operators 
were asked to fill in the number of adjustment sheets needed for each printing job, as 
well as waste paper origins. The full questionnaire, in Swedish, can be found in 
appendix A.  
 
The filled out forms indicated that a printing job at Larsson Offsettryck AB currently 
causes about 350 adjustment sheets before the work on this thesis began. The number of 
adjustments was found to be about 2.5, which gave us an amount of 140 sheets per 
adjustment. This is the number we have been aiming at reducing. From the 
questionnaires we could also find the main reasons for waste paper generation. The 
main causes of waste paper during the colour settings, adjustment sheets, can be 
summarised into the following areas: 
 

• Paper can get stuck in the printing press and cause problems in the following 
printing jobs. 

• If the same job has been printed before, the printing press operator may not have 
a proofing print to look at. Instead a sheet from the previous printing is used. 
This “old” print does not always match the settings given by prepress. 

• The customer attends the printing and has opinions during the printing process. 
This leads to adjustments and causes waste paper that would not have arose if 
the customer had not been present. 

• One of the colour containers needs to be cleaned. 
• Sheets from the previous printing job are still inside the printing press. 
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5 Colour science 
In this chapter some basic colour science is briefly presented. For more detailed 
descriptions of the subjects presented and for information about colour science in 
addition to what is mentioned in this chapter, the reader is referred to the references, 
listed in the bibliography.  

5.1 The human colour vision 

When light hits a surface some of it is absorbed into the surface and some is reflected. 
Light reflected from the surface hits the eye of an observer where light sensitive 
receptors, rods and cones, send electric impulses to the brain where the impression of 
colour is created. Cones are very sensitive to colour tones, whereas rods are sensitive to 
light. Therefore, the rods are suitable for dark vision and cones for colour vision. There 
are three types of cones, which are sensitive to different parts of the visible colour 
spectrum. L-cones are sensitive to long wavelengths, M-cones to medium wavelengths 
and S-cones to short wavelengths, see figure 2. Together they allow us to perceive all 
colours in the visible spectrum, more than 10 million colours.  
 

 
Figure 2: Sensitivity of the receptors in the human eye, the rods and cones 

 
A mathematic representation of the human colour vision is given by the so-called 
tristimulus values, L ,M and S , based on the standard observer in the CIEXYZ colour 
space, see chapter 5.2. The tristimulus values depend on the sensitivity functions of the 
eye: L(λ), M(λ) and S(λ), and the spectral distribution of light, E(λ). Since the three 
sensitivity functions give different response, they provide three different values; the 
tristimulus values [1]. 
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5.2 The CIE colour system 

A measured colour is often described as a three-dimensional model built up from the 
parameters hue, chroma and lightness. All visible and reproducible colours can then be 
described in a colour space. Since there are several ways of describing a colour, there are 
several colour spaces or colour systems [7]. 
 
Two common colour spaces are RGB and CMYK. RGB is an additive colour mix built up 
from light of the three primary colours red, green and blue and CMYK is a subtractive 
colour mix built up from the primary colours cyan, magenta and yellow, see figure 3 [3]. 
 

      
Figure 3:Two colour systems: RGB and CMYK 

 
In order to obtain a standardised way of representing colours, in a device independent 
colour space, see chapter 5.4, the CIE system 1931 (CIE – Commission internationale de 
l’éclairage) was created. The base of the CIE system is the CIEXYZ colour space. CIEXYZ 
is built around “the standard observer”, a hypothetical visual observer deduced from 
research on the spectrum visible to the human eye. From the obtained XYZ values, a 
chromaticity diagram, CIExyY, was produced in order to show the visual spectrum as a 
three-dimensional colour space.  
 
One problem with the CIExyY colour space is that it is not uniform, which means that 
the distance between colours varies throughout the different parts of the colour space. 
The definition of the distance between two colours is described in chapter 5.3. For this 
reason the CIELAB system, which is a mainly uniform system, was developed. This is 
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the colour system that is used in the graphical business. A colour described in CIELAB 
coordinates is placed in an orthogonal, three-dimensional coordinate system with one 
axis representing the lightness of the colour, L*, one representing the red-green balance 
of the colour, a*, and one representing the yellow-blue balance of the colour, b*, see 
figure 4.  

 
Figure 4: The CIELAB colour system 

 
The CIELAB coordinates can also be expressed in the cylindrical coordinates L*, C* and 
hab, where L* still stand for the lightness of the colour, but C* is the chroma of the colour 
and hab its hue angle [1, 7]. 

5.3 Colour difference formulae 

In colour comparison, the important thing is the perceived difference in colour 
appearance. In order to be able to find a quantitative measure of the colour difference, 
the colour difference formulae are used. The formulae describe the perceived colour 
difference between a pair of colour samples under a given set of conditions. One way of 
describing the colour differences is by calculating the Euclidean distance in the CIELAB 
colour space – the CIE 1976 L*a*b* colour difference, ΔE*ab [1, 3]: 
 

222 **** baLE ab ∆+∆+∆=∆     (Eq. 2) 

where ΔL*, Δa* and Δb* stands for the difference in L*, a* b* respectively between the 
compared pair of colour samples.  
 
The smallest colour difference, or Euclidian distance, that the standard observer can 
perceive is called the JND, or just noticeable difference. JND is approximately 1 for the 
well-experienced observer and 3 for the standard observer. In this thesis we look for the 
opinion of the standard observer, that represents the customer of Larsson Offsettryck 
AB, and therefore we assume that JND = 3. The CIE 1976 L*a*b* formula is simple and 
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commonly used. Alternatively, the CIE 1976 colour difference can be used, which takes 
the chroma difference, ΔC*ab, and hue difference, ΔH*ab, into consideration [7]. This gives 
the formula:  
 

222 **** ababab HCLE ∆+∆+∆=∆     (Eq. 3) 

where ΔH*ab is defined as: 

222
**** ababab CLEH ∆−∆−∆=∆     (Eq. 4) 

5.4 Device independency 

An RGB colour can be perceived differently when shown on different displays. The 
same goes for CMYK; the result can vary with the printing press, the ink and the paper 
characteristics. The reason for this is that every device or material has its own colour 
space.  
 
When a colour is to be reproduced in a predictable way between different devices, the 
colour has to be described in a way that is independent of the specific behaviour of the 
device used to produce it. To solve this, a reference colour space is needed. The most 
common way to represent a colour is in the CIE colour space, but there is no actual 
device that is expected to produce colours in this colour space. It is mostly used for 
converting colour from one colour space to another [1, 3].  
 
To be able to get the right values when measuring colour samples, the devices have to be 
regularly calibrated, see chapter 5.5.1. When using a trichromatic capturing device, the 
colour is represented in a RGB system, which is device dependent. This means that one 
colour sample measured in a device can differ when measuring the same sample with 
another device. To obtain accurate and trustworthy colour measurement from a 
trichromatic device related to another measurement, there must be a relation between 
the device dependent RGB colour space and the device independent colour space. This 
type of calibration is not only determined by the performance of the device, but also of 
the characteristics of the substrate and the printing conditions. Therefore one must be 
careful when using the term device independent. When measuring the colour for 
calibration, it is important to remember that all measuring tools do not give exactly the 
same measurement result [7]. 



Theory 

 

22 

5.5 Colour management 

A colour management system is a collection of tools that helps a user to control the 
digital imaging process and the flow of colour information. For each device connected to 
the system, a so-called device profile is created. The International Colour Consortium 
(ICC) is a specification of how a colour management system should work and a standard 
for how colour profiles should be designed in order to give optimal results. According to 
the ICC model, the colour management system can be divided into three main parts [10]:  
 

• ICC profiles for the devices connected to the system 
• a colour management module (CMM) that does the numeric calculations of the 

colour conversions between the different devices connected to the system, based 
on the ICC profile values 

• a device independent colour space, referred to as the profile connection space 
(PCS), where the correlation between the colour systems in the profile are 
defined 

 
The colour information flow between an input device and an output device, handled by 
the colour management system, is illustrated in figure 5.   
 

 
Figure 5: An overview of a colour management system 

5.5.1 Calibration 

One step in colour management is to calibrate all the devices. During the calibration step 
the colour reproduction for a specific device is adjusted to agree with given guideline 
values. This means that a specific colour coverage on a screen results in the same colour 
coverage after print. It is important that all the devices in the colour management system 
are calibrated, in order to get a consistent use of colour hue, lightness and saturation.  
 
To be able to print full-colour images in an offset printing press, the colours in the image 
must first be separated into the four basic ink colours; cyan, magenta, yellow and black. 
The separated colour layers are then printed on top of each other, which gives the 
impression of infinite colours [8].  
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5.5.2 Characterisation 

A device is characterised by measuring how well it reproduces some specific reference 
colours. This information is then the foundation for the profile of the device, see chapter 
5.5.3. The adjustment of the devices colour reproduction is made according to the 
reference values given in the profile [7].  

5.5.3 ICC profiles 

The ICC profile characterises the device and states how colour information should be 
converted between native colour spaces, for example CMYK and RGB, and device 
independent colour spaces, in order to obtain a controlled colour information flow.  
 
The devices connected to a colour management system are divided into three broad 
classifications: input devices, display devices and output devices. For the different 
classes, there are a number of algorithmic models that perform the transformation 
between the different colour spaces. The transformation models, called rendering 
intents, differ in memory footprint, performance and image quality [10]. Depending on 
the type of image that is to be reproduced, different rendering intents are used. There 
are four main types of rendering intents: perceptual rendering, absolute colorimetric, 
relative colorimetric and saturation rendering. These intents define mathematically how 
the colours should be converted from one device to another, for example a computer 
screen and a printer that are not able to reproduce the same subset of colours. The subset 
of colours that a device is able to produce is called the device’s colour range, or colour 
gamut. Figure 6 shows the gamut of all the visible colours. The black triangle in the 
figure shows all colours that are reproducible, by a certain device, in the RGB colour 
space and the brown shape surrounds all colours that are reproducible, by the same 
device, in the CMYK colour space.  

 
Figure 6: A representation of a colour gamut 
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5.5.4 CMM 

The colour management module (CMM) is a software used to calculate the colour 
transformations between different devices connected to the colour management system, 
using the information from the devices’ ICC profiles. Whether the CMM used is a 
standard CMM or one designed to fit the needs of a specific graphic production 
company, some general principals are usually followed [3]:  
 

• all neutral grey tones should be preserved throughout the colour transformation 
• the contrast, which is the difference between the highest and the lowest colour 

value, should be as high as possible after the transformation 
• all of the transformed colours should be part of the colour gamut of the device of 

interest, which means that the device should be able to represent them 

5.5.5 PCS 

The profile connection space (PCS) is a device independent colour space. Since the PCS 
is device independent it can connect several devices in a colour management system 
with relatively few connections. Without a PCS, it is necessary to define the connections 
between every device and every other device, with specifications of the colour 
conversions between them. With a PCS, all connections can instead go through the PCS, 
which reduces the number of connections drastically. A system with n devices needs n 
connections with a PCS, as opposed to n2 connections without one. Figure 7 shows the  
graphical representations of a system without and with a PCS. Usually, one of the two 
standardised colour spaces CIELAB and CIEXYZ is used as the PCS, with the 
illumination source D50, see the dictionary for an explanation of D50 [3, 7]  
 

 
Figure 7: Graphical representation of a system without (left) and with (right) PCS  
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6 Print quality 
The quality of a print is affected by a large number of parameters, for example sharpness 
of the print, resolution, saturation, noise, colour accuracy, colour tone reproduction, 
colour balance, contrast, amount of surface coating, evenness of the paper substrate and 
glossiness. Some of these factors have greater influence on the end result than others, 
but all have to be considered if the highest print quality possible is going to be achieved. 
The parameters can be measured and evaluated objectively as well as subjectively. 
Objective measures of print quality are calculations of how well an image is reproduced 
in the print and the results are accurate from a mathematical point of view. Subjective 
measurements on the other hand, for example visual evaluation of a reproduced image 
performed by a test group, show how people really perceive the print result. These two 
measures do not always agree and therefore it is important not to rely on just one of the 
measurement techniques for print quality evaluation.  

6.1 Objective quality measures 

There are many different ways of measuring the various quality aspects of a print. In 
order to get an objective measure of the print quality, technical measurements are 
performed. Two commonly used instruments for technical measurements are the 
densitometer and the spectrophotometer, presented in chapter 6.1.1 and 6.1.2. These 
instruments give mathematical values showing how different parameters affect the 
quality of the final print.  

6.1.1 Densitometer 

A densitometer measures density in a printed colour, in other words how much light the 
printed colour absorbs [3]. The more light the colour absorbs; the higher is the density of 
the colour. The density can therefore be seen as the “darkness” of the colour and is 
affected by the thickness of the colour, the concentration of the colour pigments and the 
balance between the colour and the amount of water in the print.  
 
In order to find the density, a densitometer measures the reflectance of a surface and 
then calculates the optical density, the absorption ability, of the surface. In the graphical 
business density is calculated according to a logarithmic scale, since it matches the way 
the human eye perceives colour. Therefore, the densitometer is a good complement to 
the visual judgement. Where the eye sees variations in hue and saturation, the 
densitometer gives a numerical value that can be used as a guiding value for 
adjustments of the colour balance [13].  
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6.1.2 Spectrophotometer 

A spectrophotometer, like the densitometer, measures the amount of light that is 
reflected from a surface. Unlike the densitometer the spectrophotometer also finds the 
colour of the surface by measuring how much of the different wavelengths in the 
spectral distribution of the visible light that is reflected. The visible light is equivalent to 
the wavelengths a human eye can perceive, between 400 nm and 700 nm. When 
measuring the amount of light with a spectrophotometer the result is a number of 
reflectance values, which can be illustrated in form of a spectral curve [7].  

6.2 Subjective quality measures 

A person making a visual evaluation of a reproduced image will not look at all print 
quality aspects separately. Instead, one important aspect is the overall impression of the 
print result, i.e. whether the test person thinks the image looks “good” at a first glance. 
The most important subjective quality measurement, besides the overall impression, are 
how natural the printed motif looks like as well as the evenness and sharpness of the 
print. How natural the image looks depends to a large extent on the colour tone 
reproduction, the colour balance, the saturation and the contrast. When a print is 
visually judged, it is easier to detect colour changes in homogeneous areas in the print 
than it is to detect them in inhomogeneous areas. When it comes to secondary and 
tertiary colours, in comparison with highly saturated primary colour tones, it is easier to 
detect variances in the more “naturally looking” secondary and tertiary colours. 

6.3 Grey balance 

The use of grey balance, to control the printing process, has shown to be an effective 
way of obtaining a good colour reproduction. Grey balance means balancing the colour 
tones cyan, magenta and yellow into a neutral grey. The grey balance is found by 
printing a field with a specified combination of the three colour tones next to a field with 
a specified percentage value of black. If all settings are accurate, the tone in both fields 
will be visually perceived as the same shade of grey. Objectively, the quality of the grey 
balance fields can be evaluated using a densitometer or spectrophotometer. An example 
of grey balance control is shown in figure 8 [2, 7]. 
 

 
 

 Figure 8: Left Grey balance control: 32% K (left), 30% C, 22% M and 22% Y (right) 
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6.4 Dot gain 

Dot gain is a phenomenon in printing that means that printed dots are perceived and 
actually printed bigger than intended. In offset printing the dot size is increased due to 
the water in the printing press as well as a result of the pressure between the different 
cylinders. The size also depends on the consistency of the printing colours, how elastic 
the rubber blanket is, see chapter 7, and the structure of the substrate. 
 
There are two types of dot gain: optical and mechanical. The mechanical dot gain is the 
physical change of a dot, i.e. the changed area each dot obtains after print. The 
mechanical dot gain can be increased or decreased by changing parameters in the 
printing process. Optical dot gain on the other hand cannot be affected because it is only 
an optical phenomenon and depends on how light is reflected in the substrate. Light can 
enter and leave a substrate, printed with one colour, in four different ways; into the 
unprinted surface and out of the unprinted surface, into the unprinted surface and out 
of the printed surface, into the printed surface and out of the printed surface or into the 
printed surface and out of the unprinted surface, see figure 9. The eye can therefore 
perceive an unprinted area of the surface as containing colour, or a printed area of the 
paper as being unprinted. Dot gain cannot be avoided and therefore it should be 
compensated for in the prepress [1]. 
 

  
 

Figure 9: Light reflected from a substrate printed with one colour 

 
The dot gain is found by subtracting the ink coverage measured on the printed matter 
with the desired ink coverage. For example, if the desired ink coverage in an area of the 
print is 40 % but the ink coverage after printing is actually about 68 % then the dot gain 
is 68 - 40 = 28 %. A dot gain curve, alternatively a dot gain compensation curve, provides 
a graphic representation of these numeric values, see figure 10.   
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Figure 10: Dot gain curve and dot gain compensation curve 

 
There are different ways of finding the reflectance of the colours in a print, for example 
using the Murray-Davies formula, see equation 5. However, the Murray-Davies formula  
does not take the optical dot gain into consideration. For this purpose, the Yule-Nielsen 
formula, see equation 6, is commonly used [6]. The fractional area covered by ink after 
printing, referred to as a in the equations in this chapter, is the result of different 
approximations and is never an exact value.  
 

0100 )1( RaRaR ⋅−+⋅=      (Eq. 5) 

where R  is the total reflectance, a  is the fractional area covered by ink after printing, 

100R  is the reflectance of the fully saturated ink coverage and 0R  is the reflectance of the 

paper. 
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where R  is the total reflectance, a is the fractional area covered by ink after printing, 

100R  is the reflectance of the fully saturated ink coverage, 0R  is the reflectance of the 

paper and n  is the Yule-Nielsen factor, for optical dot gain normally in the interval 
)21( ≤≤ n . 

 
As a product of the reflectivity, the illumination and the tristimulus functions, which are 
approximately the same as the sensitivity functions from equation 1, we can compute 
the tristimulus values X , Y  and Z . These are normalized by a factor k  that normalises 
for the current illumination, so that a perfect white surface always gives Y  = 100: 
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where I  is the illumination, R  is the reflectivity of the surface and x , y , z are the 

tristimulus functions, or sensitivity functions, and k  is a normalization factor.  
 
According to equation 7, the tristimulus values X , Y  and Z  and the reflection of the 
surface are all linear. Therefore the Murray-Davies formula, see equation 5, can be 
applied to the tristimulus values providing the Neugebauer-Equations:   
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     (Eq. 8) 

where a  is the fractional area covered by ink after printing and X , Y  and Z  are the 
values of the CIEXYZ coordinates of the resulting colour. 100X , 100Y  and 100Z  are the 

CIEXYZ coordinates of the fully saturated colour and 0X , 0Y  and 0Z  are the CIEXYZ 

coordinates of the paper. 
 
The fractional area covered by ink after printing, a , can be calculated in several different 
ways depending on what kind of print is being evaluated. No model is exact and the 
approximation of a  will vary depending on the method used for the calculations. One 
thing that contributes to the inaccuracy is that a , that is supposed to be the ink coverage 
including the optical dot gain, is used in the Murray-Davies formula, see equation 5, 
which only considers the mechanical dot gain.  
 
If a colour has been measured and all the CIEXYZ values are defined, a  can be 
calculated from the Neugebauer-Equations, see equation 8. If it was not for the fact that 
the Murray-Davies formula, see equation 5, only considers mechanical dot gain, the 
linearity between the tristimulus values and the reflection of the surface would make it 
possible to calculate a  based on just one component of the representation of the colour 
in the CIEXYZ colour space: 
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where a  is the fractional area covered by ink after printing, Y  is a vector containing the 
Y component in the CIEXYZ colour space of all measured saturations of the colour, 100Y  

is the Y component of the fully saturated colour and 0Y  is the paper. 

 
Equation 9 holds fairly well for greyscale printings, since calculating with any one of the 
CIEXYZ components will give approximately the same result. If the print contains one 
or more coloured inks, all of the components in the CIEXYZ colour space have to be 
taken into consideration. By modifying equation 9 into equation 10 or 11, the dot gain 
calculations will be more accurate for a colour print.  
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where a  is the fractional area covered by ink after printing, X , Y  and Z  are vectors 
containing the measured CIEXYZ coordinates of the colour, 100X , 100Y  and 100Z  are the 

CIEXYZ coordinates of the fully saturated colour and 0X , 0Y  and 0Z  are the CIEXYZ 

coordinates of the paper. 
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where all parameters are defined in the same way as in equation 10. 
 
As discussed above, calculating a  with one of the X, Y or Z components in the CIEXYZ 
colour space, according to equation 8, will provide different results depending on which 
component is used. In order to find an approximation of a  that is as good as possible for 
all three components, the least square method is used. With the least square method the 
a -value that gives the smallest difference e , between the measured X ,Y  and Z values 
and the calculated cX , cY  and cZ  values, is found through the relation: 

  
222 )()()( ZZYYXXe ccc −+−+−=    (Eq. 12) 

where e  is the difference between the measured values X ,Y  and Z and the calculated 
values cX , cY  and cZ that are found through the right-hand side of equation 8. 

 
Since the CIEXYZ colour space is not a uniform colour space, an even more accurate 
calculation of the dot gain would be obtained by first converting the colour information 
into the uniform CIELAB colour space. The conversion is performed by transforming 
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the X , Y  and Z values into L , a and b values. Then the smallest difference between the 

measured values and the calculated values would be defined as the CIE 1976 L*a*b* 
colour difference, E∆ :  
 

222 )()()( bbaaLLE ccc −+−+−=∆    (Eq. 13) 

where E∆  is the difference between the calculated colour values cL , ca and cb and the 

measured colour values L , a and b  in the CIE 1976 L*a*b* colour space. 
 
The dot gain of a print can also be calculated based on the density, either on the 
reflection density or the transmission density depending on the print substrate. For 
paper, a substrate with high opacity, the reflection density is the one of interest. It is 
related to the reflectance of the surface as [7]:   

D
R

10

1
=       (Eq. 14)  

where D  is the reflection density and R  is the reflectance of a surface, defined as the 
light reflected from the surface divided by the incident light. 
 
Figure 11 shows the dot gain for a printed matter, where the values have been calculated 
using the different methods described above, to show how the values could vary 
depending on which method is used. Depending on the context, different methods can 
be found to provide the best result. As shown in the figure, the dot gain values for black 
are very similar independent of the used calculation method. 

 
Figure 11: Dot gain calculated through different methods. Left –magenta, right – black  

Blue: Density 
Cyan : L, a and b 

components 
Yellow: Y component 
Black: X, Y and Z 

components 

Desired ink coverage 

D
o
t 
g

a
in

 

Desired ink coverage 

D
o
t 
g

a
in

 

Blue: Density 
Cyan : L, a and b 

components 
Yellow: Y component 
Black: X, Y and Z 

components 



Theory 

 

32 

6.5 Relative print contrast  

The relative print contrast is the relative difference between the density of a fully 
saturated colour and the density of the 80 % saturated tone of the same colour. The 
definition of print contrast is [3]: 
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=      (Eq. 15)  

where relativeC  is the relative contrast, 100D  is the density of the fully saturated colour and 

80D  is the density of the 80 % saturated colour tone. 

 
It is often desirable to add as much colour as possible to a print, without getting smudge 
effects or too much dot gain. There is an optimal balance between the density of a fully 
saturated colour tone and the dot gain. The method used to find this balance, through 
calculations of the print contrast, is called Normal Colour Intensity (NCI). The density 
level that gives the optimal print contrast also gives the optimal amount of colour. The 
print contrast decreases and the dot gain increases when the screen density, the number 
of dots per inch in a print, increases. Still, images printed with high screen density are 
subjectively perceived as better [2].  

7 Offset printing 
Offset printing is a printing technique where ink is spread on a printing plate with an 
etched image and then transferred to a rubber blanket. The technique is based on 
chemical differences between printing and non-printing surfaces, meaning that the 
printing area on the plate attracts the ink while the non-printing area rejects it. The 
plates can be either positive or negative. A positive plate is achieved when the 
development of the plate means hardening the printing surfaces, while on a negative 
plate the non-printing surfaces are treated to become water absorbent. The non-printing 
surfaces are then washed away, on the positive or negative plate, leaving only the 
printing surface. After the ink has been transferred to the rubber blanket, the blanket is 
pressed against the surface of the printing substrate and the image is transferred to the 
printing surface, see figure 12. The impression cylinder decides how high the pressure 
between the blanket cylinder and the paper is. When printing on uncoated paper, the 
pressure must be higher than if the printing substrate is coated. The offset printing 
method is very easy to use and it is a quick technique. Another advantage is that the 
printing plates last for a long time since they do not have any direct contact with the 
printing surface. Since the plate does not print directly on the substrate, offset printing is 
called an indirect printing method. 
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Figure 12: The sheet fed offset printing technique 

 
There are two types of offset printing: web offset and sheet fed offset. In the web offset 
the paper comes from a reel. This type of offset printing is commonly used for printing 
newspapers, where high-speed production is needed. The sheet fed offset printing press 
prints on single sheets of paper and it is usually used for printing brochures, posters, 
short run magazines etc [3, 14]. Sheet fed offset printing is the printing technique 
studied in this thesis.  
 
The sheet fed offset printing press has an input, which transports one sheet at a time and 
makes sure that the sheet has an exact position in both horizontal and vertical direction. 
The most common input in offset printing presses uses suction to lift the back end of the 
sheet. Then a mouthpiece inserts air under the sheet, allowing it to glide further into the 
press. There are rolls moving the sheet forward at all times and there is also a control 
after the input to prevent the printing machine from printing on two or more sheets at 
the same time. 
 
The sheet fed offset printing technique has several advantages compared to other 
printing techniques and one of them is that it gives a consistently high image quality. 
The images become sharper and cleaner compared to images produced using other 
printing techniques, because the rubber blanket conforms to the texture of the printing 
surface. One thing to keep in mind when it comes to offset is that it is important that the 
rubber blanket is elastic. The colour must easily attach to the blanket and come loose 
from it; otherwise the paper can get stuck in the printing press and cause problems.  
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In order for the colour to be transferred from the plate to the rubber blanket a certain 
amount of pressure is needed, which causes mechanical dot gain. The size of the dots 
depends on the characteristics of the rubber blanket and how much pressure is put on it. 
The conventional rubber blanket is non-compressible, meaning that its volume is not 
diminished even though one part of the blanket is pressed against the plate cylinder. 
Instead it causes swelling in other parts of the blanket, which leads to slight elongation 
of the printing surface of the rubber blanket. Therefore the plates are raised 0.06-0.08 
mm from the plate cylinder, so that the plate and the rubber blanket will have the same 
peripheral velocity and thereby a correct transfer of colour. If the pressure on the blanket 
cylinder is too high there will be substantial swelling and high dot gain, but if the 
pressure on the other hand is too low the colour will not be properly transferred from 
the plate to the blanket. There are also compressible rubber blankets, which have a layer 
of air cells that can be compressed. This diminishes or even eliminates the occurrence of 
swelling.  
 
The order of the colours in the sheet fed printing press is in general black, cyan, magenta 
and last the yellow colour. In other words the colours are printed from the darkest to the 
lightest colour [2, 5]. 

8 The studied printing press  
The main printing press at Larsson Offsettryck AB is a sheet fed Heidelberg 
Speedmaster CD 102-5. There are five colour trays for different inks on the printing 
press and the fifth one can be used for varnish when up to four different inks are used 
on the printing job. The press has a high degree of automation, including automated 
paper input, automated washing of the machine, digital integration into the print shop’s 
workflow and a control centre, called Prinect CP2000. The control centre has a touch 
screen that allows the printing press operator to adjust the settings of the machine 
during the printing process, see figure 13. The Prinect interface works as an important 
link between prepress and the printing press. There are also many preset functions that, 
according to Heidelberg, reduce the amount of manual work in comparison to older 
printing press models and make it possible for the printing press operator to focus on 
the quality of the printed matter. The printing press operator can order new plates via 
the printing press screen, connected to the Prinect system. The control systems in 
today’s printing presses are increasingly “intelligent” and the systems in modern 
presses indicate when parts are close to being worn down, which makes it easy for the 
printing house to perform preventive measures.  
 
The Speedmaster CD 102-5 has a maximum speed of 15000 sheets per hour and the press 
is useful for cardboard printing. The optimal paper to use in the machine has a 
grammage of 150 g [15]. 
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Figure 13: The light table and the touch screen in connection with the printing press 

 
According to the printing press manufacturer Heidelberg Druckmaschinen AG, a 
Heidelberg Speedmaster CD 102-5 should not need more than 150 adjustment sheets 
before the print result should be acceptable. This is equivalent to the printing press 
adjusting to the values given by the ICC profile, with no adjustments made by the 
printing press operator. During our research, we have found that Larsson Offsettryck 
AB has an average of 350 adjustment sheets and allows as much as 500 adjustment 
sheets before reaching an acceptable printing result. The reason for this could be that the 
settings of the printing press or the ICC profiles are not optimal, or that Larsson 
Offsettryck AB requires a higher quality than Heidelberg does before a print result is 
approved. Still the printing press operators at Larsson Offsettryck AB believe that the 
print quality could be even better, but since the customers would probably not be able to 
tell the difference, this is irrelevant. Instead, focus is put on production speed and 
efficiency in order to reduce cost and delivery times.  
 
In order to decide the quality of a print, the printing press operators at Larsson 
Offsettryck AB use both visual assessments and objective measurements of the colour 
densities. At the top of every printed sheet, unless when the print covers the entire sheet, 
Larsson Offsettryck AB prints a colour bar with fields of fully saturated black, cyan, 
magenta and yellow colour tones, one group of colours for every colour zone in the 
printing press, see figure 14. By measuring this colour bar with a spectrophotometer the 
printing press operator can find out if the colour densities in the entire print are too low 
or too high, or if any of the 26 colour zones in the printing press differs from the rest and 
needs adjustments of the colour levels to compensate for the deviations.  

 
Figure 14: Colour zone 8 to 18 of the colour bar 
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The spectrophotometer uses the whiteness of the paper as a starting point for the 
measurements. The illumination used is D50, the field of view is 2 degrees and a 
polarized filter is used. The values from the measurements appear in the interface on the 
touch screen connected to the printing press and the printing press operator can easily 
adjust the colour levels according to the recommended values. The preset values for the 
desired density, D, and CIELAB coordinates, L, a and b, are presented in table 2 for 
coated and uncoated paper [15, 21]. 
  
Table 2: Guideline values for density and LAB values 

 Coated   Uncoated 

 C M Y K   C M Y K 

D 1.6 1.8 1.5 2.04  D 1.2 1.2 1.2 1.5 

L 56.1 45.0 88. 00 15.40  L 58.4 51.6 90.0 29.5 

a -36.3 74.7 -4.40 1.20  a -26.0 62.9 -3.6 1.3 

b -48.8 -2.8 92.20 2.40  b -45.6 -4.6 80.1 1.0 
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9 Printing conditions 
During the work on this thesis we performed test printings in order to see how the 
printing press performed and to find ways of reducing the number of adjustment sheets 
needed for each printing job. Every time we performed one of our test printings new 
plates were made, since the washing and reuse of old plates could have affected the 
printing result negatively. We needed to keep the conditions as similar as possible 
during all printings. At every printing occasion, four plates were made for cyan, 
magenta, yellow and black ink for uncoated paper and four more were made for coated 
paper.  
 
For our printings we used one coated paper quality and one uncoated quality. The 
coated paper chosen for printings was Tom&Otto Silk, 150 g, and the uncoated paper 
used was Maxi Offset, 170 g. These are two of the most commonly used paper types at 
Larsson Offsettryck AB and the currently used profiles are supposedly well adapted to 
these paper qualities [19]. 
 
Before each printing started, the printing press had to be washed and the plates were 
then placed in the press. The paper used was placed at the paper input. When one of the 
first sheets had gone through the press, the printing press operator measured the colour 
bar at the top of the paper to find the density of the printed colours. During each 
printing, an unprinted area of one of the first sheets was also measured so that the 
whiteness of the paper could be defined. The printing press user interface indicates 
when the predefined settings for the colour densities have been reached. This usually 
takes about 150-200 sheets. The interface also shows how much the colour values deviate 
from the guideline values given by prepress. Adjustments are recommended, big or 
small, for each colour component depending on the deviations. The required adjustment 
is considered big when the colour difference, ΔE, between the measured print and the 
guideline values given by prepress are more than 1 unit above JND. 
 
During the printings, the printing press operator always tries to keep a consistent 
printing speed. If the speed changes over the adjustments, it can cause the result to 
differ. After every adjustment, when the printing press is restarted, a few sheets will 
obtain too high colour values before the levels stabilise. 
 
We worked with three different printing press operators during our test printings, in 
order to get an average result and be able to separate the consistent results from 
deviations caused by the human factor. 



Implementation 

 

39 

10 Measurement conditions 
We measured our test printings objectively, with a spectrophotometer, to be able to 
analyse the colour data. All objective quality evaluations of the colour reproduction 
printings were carried out through measurements of sheets taken from different steps of 
the printing process.  
 
The spectrophotometer used for the measurements was a GretagMacbeth Spectrolino, 
see figure 15. The spectrophotometer measures a predefined area of a presented 
substrate and calculates the mean value for the colour information in that area. The user 
defines what kind of colour information should be gathered, using the GretagMacbeth 
SpectroChart software that controls the spectrophotometer. In our measurements we 
chose to save colour information in form of the colour coordinates in the CIELAB colour 
space and CIEXYZ colour space, as well as the colour density and spectral distribution.  
 

 
Figure 15: GretagMacbeth Spectrolino in action 

 
The settings chosen for each measurement were the illumination D65, see the dictionary 
for explanation, and a field of view set to 2 degrees. The illumination D65 is the 
illumination we used for our first measurement and for continuity we continued using it 
for all the following measurements. At Larsson Offsettryck AB the standard illumination 
is D50, but since we could not see any significant difference between measurements 
performed with the illumination D65 and others performed with D50, we chose not to 
change our illumination settings. 
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11 Selected print quality aspects  
We have chosen a few print quality aspects for evaluation of the print quality. The 
aspects chosen for objective evaluation of the printings are the CIE 1976 L*a*b* colour 
difference, ΔE, see chapter 5.3, the dot gain, see chapter 6.4, and the relative print 
contrast, see chapter 6.5. The reason for choosing these three aspects is that we have 
found them to be the most relevant for showing the performance of the printing press 
and the ICC profiles. 
 
The dot gain in a print can be evaluated in several different ways. We tried all the 
methods described in chapter 6.4 in order to find the most suitable dot gain model for 
our purposes. The paper types, which the dot gain values are based on, are presented in 
table 3. These paper types are the closest we could find to the qualities used in our 
printings.   
 
Table 3: Description of the paper types  

Paper type Gloss Brightness Weight 

Matt, coated 38 % 83 % 115 g/m
2
 

Uncoated, offset 6 % 85 % 115 g/m
2
 

 
The method of calculating the dot gain from one of the components in the colour space 
CIEXYZ, see equation 9 in chapter 6.4, was discarded since using only one component in 
the calculations would give a fairly correct result for the black colour, but not for other 
colours.  
 
Calculating the dot gain by taking both the X component, the Y component and the Z 
component into consideration, see equations 10 and 11 in chapter 6.4, gives more 
accurate dot gain information for colours. However, it occurred to us that at Larsson 
Offsettryck AB the dot gain is calculated using a densitometer, which means that the 
only colour information available is the density. Finding the dot gain based on density 
will give a different approximation than when the CIEXYZ values are used, and 
therefore different values are obtained for the dot gain, see equation 14 in chapter 6.4. 
The dot gain could according to our calculations be based on either the CIEXYZ 
coordinates or the density of the colours. We decided to use the density-based 
calculations since it makes it possible for us to compare our values directly to the ones 
calculated at Larsson Offsettryck AB. The values found through calculations on the 
density will for the same reason be implemented into the simpler Murray-Davies 
formula, see equation 5. As a complement to the objective quality evaluations, we 
performed visual evaluations with the aid of a test group, on coated and uncoated 
paper. For the evaluations we used images from the test chart shown in figure 16. 
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12 Colour reproduction 
To analyse how the printing press, Heidelberg Speedmaster CD 102-5, performs and to 
be able to see how many adjustment sheets it takes to get the right colour settings, three  
test printings were done. We needed a test chart that had colour fields showing the 
primary colours cyan, magenta, yellow and black, all fully saturated. Since the printing 
press operator bases the adjustments during the printing on measurements of the colour 
bars, see figure 14, these were also of interest to us. The colour bars consist of several 
repetitions of the four colours cyan, magenta, yellow and black, one for each colour zone 
of the printing press.  
 
We also wanted to be able to make visual evaluations of the print quality. Therefore we 
needed images showing natural motifs, since it is easier for an observer to detect 
anomalies in a skin tone or the colour of an apple than it is to see if the colour cyan is 
fully saturated. We chose to use test charts from SUN chemicals, for coated and 
uncoated paper respectively, that are used by Larsson Offsettryck AB for calibrating the 
printing press. A test chart is shown in figure 16. 
 

 
Figure 16: Test chart from SUN chemicals 
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12.1 Colour reproduction printing 1 

During the first colour reproduction printing three adjustments were made in order to 
stabilise the colour levels, while printing on coated paper as well as on uncoated paper. 
The adjustments are listed below. Additional values from this printing are found in the 
tables of appendix B. 
 
Sheet 185, coated:  The values given by the profile settings reached.  
 The first adjustment: big adjustment of all colours  
 

Sheet 320, coated:  First adjustment done.  
 The second adjustment: big adjustment of all colours 
 

Sheet 465, coated:  Second adjustment done.  
 The third adjustment: small adjustment of all colours 
 

Sheet 600, coated:  Print approved, both visually and according to measurement  
 

Sheet 165, uncoated:  The values given by the profile settings reached.  
 The first adjustment: big adjustment of all colours  
 

Sheet 370, uncoated:  First adjustment done.  
 The second adjustment: small adjustment of all colours 
 

Sheet 502, uncoated:  Second adjustment done.  
 The third adjustment: small adjustment of black 
 

Sheet 680, uncoated: Print approved, both visually and according to measurement  

12.1.1 Evaluation  

In order to decide the quality of the prints from printing one we measured the objective 
print quality. We measured the objective quality by calculation the colour difference 
between them. All measurements were done for both coated and uncoated paper. To 
emphasise, or contradict, the results we got from the calculations we also performed a 
simple subjective evaluation with a small test group.  

12.1.2 Result 

Measurement one showed that the values given by the ICC profiles are not optimal. The 
colour values on a print measured after the printing press has attuned to the settings 
given by prepress are not close to the values of the approved print. For the coated paper 
the profile works sufficiently, but the profile for uncoated paper is not well calibrated 
with the printing press. An improvement of the profile for uncoated paper, and perhaps 
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also for the profile for coated paper, could reduce the number of adjustment sheets 
greatly and even make one of the adjustments in the printing process unnecessary. 
 
One more thing worth noticing is that the adjustments can be considered finished earlier 
than the printing press indicates, since the values do not deviate much between a sheet 
that is printed just after the adjustment is done and a sheet about 75 papers earlier, see 
table 4.  
 
Table 4: Colour difference, coated and uncoated paper  

 
From table 4 we can also see that the last adjustment on coated as well as on uncoated 
paper, does not seem to improve the objective print quality and is possibly unnecessary 
to perform. The difference values, ΔE, are well below JND, which is 3 for the standard 
observer, even before the last adjustment is made. For the subjective evaluation, we 
asked five people at Larsson Offsettryck AB with various occupations and one printing 
press operator to look at images taken from the approved printed sheet and images 
taken from a sheet that was printed just before the last adjustment was made. The 
images in question can be seen in figure 16 in chapter 11. In order for us to get a picture 
of the subjective quality of the prints, the evaluation participants were asked to decide if 
one printed image was “better looking” than the other. Then they were asked to look for 
differences between the images and state what differences, if any, they could see. Here, 
we focused on differences in colour reproduction. Last, the participants were asked if 
they thought that a possible customer would approve any of the printed images. Since 
we went to the participants at their working stations we could not control the lighting 
conditions, but we did not consider it important since we only wanted a simple 
judgement that would confirm or contradict the result we had gotten from the 
mathematical analysis of the measurements.  

Coated paper 

  Colour Compared sheets ∆E 

245 and 320 1.1300 

390 and 465 0.1225 Cyan 

525 and 600 0.4530 

245 and 320 0.3838 

390 and 465 0.6581 Magenta 

525 and 600 0.6520 

245 and 320 0.9280 

390 and 465 0.4852 Yellow 

525 and 600 2.1730 

245 and 320 0.3722 

390 and 465 0.1404 Black 

525 and 600 2.1990 

Uncoated paper 

  Colour Compared sheets ∆E 

295 and 370 0.4291 

425 and 502 0.1005 Cyan 

577 and 680 0.7520 

295 and 370 2.5585 

425 and 502 0.8182 Magenta 

577 and 680 1.7930 

295 and 370 0.3797 

425 and 502 0.9644 Yellow 

577 and 680 1.8200 

295 and 370 3.9867 

425 and 502 0.3106 Black 

577 and 680 2.8800 
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The participants in the visual evaluation could in most cases not tell a significant 
difference, if any, between the approved printed images and the images taken from a 
sheet just before the last adjustment. Neither could they say with certainty which print 
was the approved one. The printing press operator who had performed the printing was 
the only one who saw distinct differences in colour density and was able to point out the 
approved print from the two. Still, the printing press operator agreed that a customer 
would not be able to tell the difference between the prints and that both prints therefore 
could be approved. From this we draw the conclusion that if this last adjustment is 
made, there is no reason to discard any sheets printed after the adjustment. Including 
them in the final product, and sending them to the customer, would give one less 
adjustment, which means reducing the number of adjustment sheets. Measurement one 
therefore showed that Larsson Offsettryck AB uses more adjustment sheets than what is 
necessary in order to get a print quality good enough to be approved by the customer. 
 
When comparing the resulting values, on coated paper, of the sheet taken before the first 
adjustment and the sheet taken after the adjustment is finished it can be questioned 
whether the adjustment has in fact improved the result. The colour difference values, 
ΔE, for the colour bars show that the values have gotten worse after the adjustment, see 
table 5. All colour difference values are comparisons between the current sheet and the 
approved sheet, in this case sheet 600.  
 
Table 5: Colour difference, ΔE, compared to the approved sheet  

Coated paper  

Sheet number ∆E Cyan ∆E Magenta ∆E Yellow ∆E Black 

185 1,88 7,28 8,74 4,83 

320 2,36 8,19 9,04 6,70 

 
The fact that Larsson Offsettryck AB did not make proofing prints on uncoated paper at 
the time of the printing adds to the difficulty of deciding when the print quality is good 
enough on uncoated paper. This probably contributed to more adjustment sheets, since 
the printing press operator rather adjusts a bit extra than risks an unsatisfied customer.  
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12.2 Colour reproduction printing 2 

With the aim of verifying the conclusion from the first colour reproduction, a second 
similar printing was performed. During this printing, two adjustments were made while 
printing on coated paper before the printing press operator considered the result to be 
approved. The printing on uncoated paper required three adjustments. The adjustments 
are listed below. Before printing on uncoated paper, the pressure between the rubber 
blanket and the plates was increased, compared to printing on coated paper. Additional 
values from this printing are found in the tables of appendix C. 
 
Sheet 174, coated:  The values given by the profile settings reached  
 The first adjustment: big adjustment of all colours  
 

Sheet 345, coated:  First adjustment done 
 The second adjustment: small adjustment of yellow 
 

Sheet 480, coated:  Print approved, both visually and according to measurement  
 

Sheet 191, uncoated:  The values given by the profile settings reached 
 The first adjustment: big adjustment of all colours  
 

Sheet 298, uncoated:  First adjustment done 
 The second adjustment: big adjustment of all colours 
 

Sheet 424, uncoated:  Second adjustment done 
 The third adjustment: small adjustment of all colours 
 

Sheet 541, uncoated: Print approved, both visually and according to measurement  
 
Visually, the printing press operator could perhaps have approved sheet 424. However, 
since there was no proofing print to compare with, the printing press operator had to 
rely on the calculations done by the printing press. These indicated that all colour levels 
had to be increased further. 
 
During colour reproduction printing two we were not able to print at full speed. There 
had been problems with colours “disappearing” from parts of the print when the speed 
was increased to near the maximum capacity of the printing press. The printing was 
therefore made at a calm, steady pace, which can have contributed to a more even result. 
The printing press operator also expressed that the adjustments before the approved 
print on the coated paper went surprisingly well. After the first adjustment, the result 
was in fact good enough for production, which is rarely the case.  
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12.2.1 Evaluation  

While analysing the results from measurement one, we found that the values retrieved 
from the colour bars in this measurement did not seem right. Visually all the fields of the 
same colour in each colour bar seemed to have the same saturation, but according to our 
measurements, one of the fields in each strip had much lower density values than the 
others. We realized that we had not been careful enough in making sure that the area 
that the spectrophotometer measured was completely within the boundaries of each 
colour field. The spectrophotometer measures each row according to a certain 
predefined direction and since our colour fields were not placed completely along that 
direction, the measurements of the last field in every colour bar contained some faulty 
values measured on the clean paper surface beside the colour field. This resulted in low 
colour density values. When we re-measured the colour bars, making sure that every 
measurement was done within the respective colour field, we obtained better results.  
 

Since the GretagMacbeth Spectrolino calculates a mean value for a chosen area on the 
substrate, it is not essential to hit a specific coordinate. Although, if the colour field 
measured is small, it is important to make sure that nothing outside of the field is 
included in the measurement. To obtain correct results the colour fields measured must 
be placed in a straight line along the predefined direction of measurement. The user is 
also given the possibility to reduce the size of the measured area for the recommended 
size of five mm. We feel that it is not recommendable to reduce the area too much when 
the measuring is done on printings on an uncoated paper, since the colour printed on 
such paper is unevenly distributed.  

12.2.2 Result 

The values from measurement two confirmed some of the observations made after 
measurement one, and overturned others. We could conclude once again that the colour 
values are stable, and the adjustments could hence have been considered finished earlier 
than the printing press indicates, see table 6.  
 
 Table 6: Colour difference, coated and uncoated paper  

 

 

Uncoated paper 

Colour Compared sheets ∆E 

225 and 298 1.5166 
Cyan 

349 and 424 1.6245 

225 and 298 1.9019 
Magenta 

349 and 424 1.9851 

225 and 298 0.3511 
Yellow 

349 and 424 0.7813 

225 and 298 0.5907 
Black 

349 and 424 1.3473 

Coated paper 

Colour Compared sheets ∆E 

Cyan 270 and 345 0.4276 

Magenta 270 and 345 0.4974 

Yellow 270 and 345 0.3082 

Black 270 and 345 0.0640 
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The adjustments during the printing of the coated paper worked much better. It took 
only one adjustment before all the colour difference values were below JND and the 
density values were acceptable. The printing press operator also considered the print 
good enough in a visual aspect.  
 
There are many factors that affect the printing result, for example the printing press 
operator’s experience, the state of all the components of the printing press and sheer 
luck. The printing press operator told us that an approved print after just one 
adjustment is not very common, but when the printing press was new at Larsson 
Offsettryck AB there was little need for adjustments during the printing process. The 
values given by prepress agreed very well with the desired values and it was often 
possible to start producing directly based on those values. Now, the printing press has 
not been taken out of production for service, except for washing, during the last three 
years and it has not been calibrated continuously. Since the parameters in the printing 
press change over time, the lack of follow-up probably contributes to the increased 
number of adjustment sheets needed.  
 
As for the uncoated paper, the profile values given by prepress are still far from perfect. 
It took three adjustments to get an approved result. After the second adjustment the 
colour values and densities were still not acceptable so the third adjustment was 
justified. However, the second adjustment, according to the values, does not seem to 
have made a difference in the colour cyan, magenta and yellow even though a major 
adjustment was made for all colours, see table 7.  
 

Table 7: Colour difference compared to approved sheet, uncoated paper 

Uncoated paper  

Sheet number ∆E Cyan ∆E Magenta ∆E Yellow ∆E Black 

298 5,97 4,32 2,95 4,61 

424 5,61 5,23 4,92 1,86 

 
The printing press operator made additional, small adjustment for both coated and 
uncoated paper under production, i.e. after the print result was approved. The reason 
was that the colour differences were bigger for one colour than for the others, even 
though they were all well below JND.  We consider it a good idea to include all the 
sheets following the small adjustment in the production; the effect of the adjustment will 
be negligible.  
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12.3 Colour reproduction printing 3 

After the first two colour reproduction printings we had come to the conclusion that 
what we needed for the third colour reproduction printing were fields of fully saturated 
cyan, magenta, yellow, black and the colour bar. Since we were not planning on having 
a visual assessment of the printing result, we decided that we did not need to print the 
entire test chart. Instead we added colour fields containing variations from 0 % to 100 % 
saturation of the four primary colours cyan, magenta, yellow and black. The adjustments 
made during this printing are listed below.  
 
Sheet 148, coated:  The values given by the profile settings reached  
 The first adjustment: big adjustment of all colours  
 

Sheet 297, coated:  First adjustment done  
 The second adjustment: big adjustment of magenta and yellow and 

small adjustment of cyan and black 
 

Sheet 410, coated:  Second adjustment done  
 The third adjustment: big adjustment of magenta, yellow and black, 

small adjustment of cyan 
 

Sheet 555, coated:  Print approved, both visually and according to measurement  
 

Sheet 125, uncoated:  The values given by the profile settings reached  
 The first adjustment: big adjustment of all colours  
 

Sheet 232, uncoated:  First adjustment done  
 The second adjustment: big adjustment of all colours 
 

Sheet 375, uncoated:  Second adjustment done  
 The third adjustment: small adjustment of all colours 
 

Sheet 500, uncoated: Print approved, both visually and according to measurement  

12.3.1 Evaluation  

We performed an objective measurement of the print quality similar to the measurement 
of the first two printings. From the colour fields containing variations from 0 % to 100 % 
saturation of the four primary colours cyan, magenta, yellow and black, we calculated 
the dot gain and the print contrast.  
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12.3.2 Result  

After measurement and calculations of the colour reproduction concerning the third 
printing we could conclude that the tendencies from the first two printings were 
emphasised.  
 
The guideline values given by the profiles are not optimal. After three printings we can 
see that the colour differences between the approved prints and the sheet before the first 
adjustment, when the printing press has adjusted to the values in the profile, are too 
high, see the tables of appendix B, C and D. For coated paper, the mean ΔE values for all 
printings between the approved prints and the sheets before the respective first 
adjustment is just over 6. The highest notation is a ΔE value of 10.49 for black in printing 
three. For uncoated paper the mean colour difference is over 9 and the highest difference 
is as big as 16.68. These ΔE values have room for improvement, and such an 
improvement could probably reduce the number of adjustments needed during the 
adjustment phase.  
 
According to the calculations from the three colour reproduction printings, the 
adjustments can be considered finished earlier than the printing press indicates. In other 
words, the colour settings are stabilised sooner than the printing press operator is led to 
believe from the values shown in the Prinect CP2000 interface. The colour difference 
between the prints considered to have stabilised colour values after each adjustment, 
according to the printing press, and prints about 75 sheets earlier is very low. The mean 
ΔE value between sheets printed after an adjustment is finished and a print on a paper 
75 sheets earlier is just over 1. The highest of all these ΔE values is 2.52, which means 
that all values are below JND and the difference is not detectable to the human eye of 
the standard observer.  
 
After the first colour reproduction printing we concluded that the last adjustment made 
by the printing press operator was unnecessary. During the second and third printing, 
the operators approved the print without making a last fine-tuning. Whether a last 
slightly improving adjustment is made or not depends greatly on the individual opinion 
of the printing press operator.  
 
Another print quality aspect that we wanted to use to evaluate the print quality of the 
third colour reproduction printing is the dot gain. Our calculated dot gain values show 
that the dot gain is mostly within the interval or close to the interval boundaries of the 
recommended values for dot gain on coated and uncoated paper from Techkon [22], 
shown in table 8 and 9. On coated paper, all dot gain levels are too high for the 40 % 
saturated colours, especially for the black colour component, see table 8. On uncoated 
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paper, only the cyan colour component for 40 % saturated colour is found outside the 
interval boundaries, see table 9. The amount of dot gain depends on the paper quality, 
but since there should be more dot gain on uncoated paper than on coated paper, this 
does not explain the deviating value for black on coated paper.  
 
Table 8: Measured and recommended dot gain for the printings on coated paper 

Colour  
saturation 

40 %  80 %  

 Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Cyan 20,7 % 13 % (± 4 %) 11,9 % 11 % (± 3 %) 

Magenta 16,3 % 13 % (± 4 %) 8,8 % 11 % (± 3 %) 

Yellow 19,1 % 13 % (± 4 %) 12,0 % 11 % (± 3 %) 

Black 28,0 % 16 % (± 4 %) 14,4 % 13 % (± 3 %) 

 
Table 9: Measured and recommended dot gain for the printings on uncoated paper 

Colour  
saturation 

40 %  80 %  

 Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Cyan 24,9 % 19 % (± 4 %) 13,9 % 12 % (± 3 %) 

Magenta 19,6 % 19 % (± 4 %) 10,1 % 12 % (± 3 %) 

Yellow 21,5 % 19 % (± 4 %) 12,2 % 12 % (± 3 %) 

Black 24,0 % 22 % (± 4 %) 13,5 % 14 % (± 3 %) 

 
The average dot gain values are within the given intervals for the recommended values 
or slightly higher. Since high dot gain values give more saturated colours, this is not 
necessarily negative and the dot gain compensation does not have to be altered in the 
profiles. The deviating black dot gain value on coated paper and the cyan dot gain value 
on uncoated paper could be one-time incidents, but we need to measure the dot gain 
again on prints taken from at least one more printing occasion to make sure that the dot 
gain compensation of the profiles does not need to be changed.   
 
The print contrast calculated from the measurements of colour reproduction printing 
three is slightly lower than the values recommended according to the ISO-12647-2 
standard for offset printing, both for coated and uncoated paper [22]. This was expected, 
since we had found the dot gain to be a bit too high. Even though the dot gain and the 
contrast are not perfectly in line with the recommended values, the subjective quality of 
the printed matters produced by Larsson Offsettryck AB is still more than acceptable. 
This was also expected, since the subjectively perceived print quality is often better for 
prints with slightly too high dot gain and correspondingly too low print contrast. Table 
10 and 11 shows the calculated contrast values for the third colour reproduction printing 
and the guideline values according to the ISO standard for coated and uncoated paper.    
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Table 10: Measured and recommended print contrast, coated paper 

Coated Calculated 
contrast 

Recommended 
contrast (ISO) 

Tolerance + (ISO) Tolerance – (ISO) 

C 0.26 0.37  0.06 0.08 

M 0.32 0.37 0.06 0.08 

Y 0.24 0.32 0.06 0.08 

K 0.25 0.39 0.07 0.10 

 
Table 11: Measured and recommended print contrast, uncoated paper 

Uncoated Calculated 
contrast 

Recommended 
contrast (ISO) 

Tolerance + (ISO) Tolerance – (ISO) 

C 0.15 0.24 0.06 0.07 

M 0.22 0.22 0.06 0.07 

Y 0.17 0.22 0.06 0.07 

K 0.2 0.24 0.08 0.10 

12.4 Shorter adjustment printing 

From the previous colour reproduction printings we found that the adjustments could 
probably be considered finished earlier than the printing press indicated. To confirm 
this idea, every adjustment during the forth colour reproduction printing was aborted 
after 80-120 sheets, which is 50-100 sheets earlier than the printing press suggested. The 
adjustments were made while printing on coated paper as well as on uncoated paper 
and are listed below. 
 
Sheet 86, coated:  The values given by the profile settings stabilized  
 The first adjustment: big adjustment of all colours  
 

Sheet 200, coated:  First adjustment done 
 The second adjustment: big adjustment of magenta and cyan and 

small adjustment of yellow and black 
 

Sheet 290, coated:  Print approved, both visually and according to measurement  
 

Sheet 92, uncoated:  The values given by the profile settings reached 
 The first adjustment: big adjustment of all colours  
 

Sheet 185, uncoated:  First adjustment done 
 The second adjustment: big adjustment of magenta, cyan and black 
 

Sheet 260, uncoated:  Second adjustment done 
 The third adjustment: big adjustment of black and small adjustment 

of magenta, cyan and yellow 
 

Sheet 325, uncoated: Print approved, both visually and according to measurement  
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12.4.1 Evaluation  

The forth colour reproduction printing was made in order to find whether an approved 
print could be obtained through adjustments that require fewer adjustment sheets. 
Therefore the subjective quality of the resulting print was an important part of the print 
quality evaluation and we performed a simple subjective evaluation, with a test group of 
five employees at Larsson Offsettryck AB, with different occupations. We asked the 
participants of the test group to look at two prints separately and decide whether the 
prints were good enough to be approved and could be sent to a customer. The prints 
shown were the final approved prints from the shorter adjustment printing and the first 
colour reproduction printing, for coated and uncoated paper. We chose these printings 
because the same printing press operator had performed both printings, which would 
make the result reliable. Then we asked each evaluation participant to compare the 
prints and decide if one was better than the other. The lighting at the evaluation was the 
same for all participants and corresponded to D65.   
 
To be able to draw conclusions on whether the print result was in fact good enough, we 
wanted to evaluate the objective quality aspects as well as the subjective ones. The 
objective aspects that we looked at were the ones we had guideline values for. This 
included the dot gain and the print contrast. Finally, we compared the density levels of 
the approved print from the shorter adjustment printing to the density levels of 
approved prints from colour reproduction printing one in order to see if there were any 
major deviations.  

12.4.2 Result 

The subjective evaluation showed that all of the participants would have approved the 
printed sheets taken from the forth colour reproduction printing. All of the participants 
thought that there were no significant differences between the prints from the first 
colour reproduction printing and the shorter adjustment printing, neither for the coated 
paper nor the uncoated. Some of the participants considered the prints from printing 
one to be slightly better, but would still have approved both prints. It must also be taken 
into consideration that the customer would not have more than one of the prints and 
hence no possibility to compare the print quality.  
 
Although the visual evaluation is the most important reference of approval, we also 
calculated the dot gain and the print contrast in order to assess the objective print 
quality. The calculated values have been compared to the recommended values of 
Techkon, based on the ISO-12647-2 standard for offset printing [22]. All dot gain values 
are within the interval, or for black slightly higher than the recommended interval, and 
can thereby be seen as approved, see table 12 and 13. 
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Table 12: Measured and recommended dot gain, coated paper 

Colour  
saturation 

40 %  80 %  

 Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Cyan 12,3 % 13 % (± 4 %) 8,6 % 11 % (± 3 %) 

Magenta 13,2 % 13 % (± 4 %) 8,5 % 11 % (± 3 %) 

Yellow 15,8 % 13 % (± 4 %) 10,3 % 11 % (± 3 %) 

Black 24,8 % 16 % (± 4 %) 13,6 % 13 % (± 3 %) 

 
Table 13: Measured and recommended dot gain, uncoated paper 

Colour  
saturation 

40 %  80 %  

 Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Calculated  
dot gain 

Recommended  
dot gain (ISO) 

Cyan 18,4 % 19 % (± 4 %) 13,1 % 12 % (± 3 %) 

Magenta 19,5 % 19 % (± 4 %) 10,8 % 12 % (± 3 %) 

Yellow 19,9 % 19 % (± 4 %) 11,1 % 12 % (± 3 %) 

Black 22,8 % 22 % (± 4 %) 13,0 % 14 % (± 3 %) 

 
A dot gain that is just a bit higher than recommended is not negative since the aim of 
Larsson Offsettryck AB, like many other offset printing houses, is to produce highly 
saturated prints. Since the last adjustment is not yet completely stabilised, all values will 
probably increase slightly as the printing continues. It is also possible for the printing 
press operator to make additional minor adjustments to increase or decrease the dot 
gain and thereby the density of the print. However, since the dot gain values are already 
good enough for approval according to the recommended values as well as the printing 
press operator and the visual evaluation test group, all prints from this point on can be 
included in the final product delivered to the customer.  
 
Table 14 and 15 show the calculated and recommended values for the print contrast. The 
values for coated paper are within the recommended intervals, while the values for 
uncoated paper are a bit too low compared to the recommended values according to the 
ISO standard. It is always hard to get high saturation on uncoated paper, but one 
solution to the problem could be to let the colour values stabilise according to the 
printing press and perhaps to make additional minor adjustments to increase the 
amount of colour in the print. However, this should not be necessary since neither the 
printing press operator nor the visual evaluation test group has found the colour levels 
to be too low or hesitated to approve the print result. 
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Table 14: Measured and recommended print contrast, coated paper 

Coated Calculated 
contrast 

Recommended 
contrast (ISO) 

Tolerance + (ISO) Tolerance – (ISO) 

C 0.34 0.37 0.06 0.08 

M 0.35 0.37 0.06 0.08 

Y 0.27 0.32 0.06 0.08 

K 0.31 0.39 0.07 0.10 

 
Table 15: Measured and recommended print contrast, uncoated paper 

Uncoated Calculated 
contrast 

Recommended 
contrast (ISO) 

Tolerance + (ISO) Tolerance – (ISO) 

C 0.15 0.24 0.06 0.07 

M 0.14 0.22 0.06 0.07 

Y 0.09 0.22 0.06 0.07 

K 0.21 0.24 0.08 0.10 

 
We have earlier calculated the print contrast on colour reproduction printing three, 
which had regular adjustments instead of shorter ones. The print contrast results from 
the third colour reproduction printing were also a bit lower than the recommended 
values, on average, but the result was considered approved. We can conclude that there 
is no major difference between the print contrast results for colour reproduction printing 
three and four which emphasises the result from the visual evaluation.  
 
We wanted to see if the density of the printing with shorter adjustments would be lower 
then in the previous printings. Table 16 and 17 show the density of the printing with 
shorter adjustments as well as the previous printings with regular adjustments. From 
the tables it is obvious that the density values are not affected by the shortening of the 
adjustments. 
 
Table 16: Density compared to previous printings, coated paper 

 Short adjustments  Printing 1 Printing 2 Printing 3 

C 1.22 1.23 1.27 1.19 

M 1.27 1.34 1.34 1.20 

Y 1.13 1.14 1.13 1.15 

K 1.59 1.48 1.48 1.47 

 

Table 17: Density compared to previous printings, uncoated paper 

 Short adjustments Printing 1 Printing 2 Printing 3 

C 0.95 0.94 0.98 0.88 

M 0.96 0.98 1.02 0.89 

Y 0.90 0.91 0.94 0.84 

K 1.12 1.09 1.13 1.10 
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From the result provided by the visual evaluation, emphasised by the objective quality 
measurements, we can conclude that the adjustments may very well be considered 
finished earlier than the printing press indicated without any loss of print quality.  
 
The questionnaires handed out to the printing press operators at Larsson Offsettryck AB 
showed that in average a printing job requires an amount of 350 adjustment sheets. 
From our printings we can see that a printing usually takes two or three adjustments 
before the result is approvable. If we assume that the mean value for adjustments per 
printing job is 2.5, the number of sheets per adjustment would be 140. This seems to be a 
likely assumption, since the mean value of sheets per adjustment on our printings is 146.  
 
If the printing press operator stops each adjustment after between 80 and 100 sheets 
instead after 140 sheets, the amount of waste paper is reduced by approximately 35 % 
percent while the print quality is not affected negatively.  

12.5 Verification of the print result 

After several printings we have found that it is possible to reduce the number of sheets 
used for each adjustment in the printing process. We found it was time to try our 
method on sharp printing jobs, which would be delivered to customers. Two sharp 
printings were performed on coated paper; Tom&Otto silk 170 g and Tom&Otto silk150 
g respectively, which is the same paper quality we have used during our test printings 
except for the slight difference in grammage for the first paper quality. The method of 
finishing the adjustments earlier than the printing press indicates should be applicable 
to any paper quality, since the main issue is that the colour levels in the printing press 
have to stabilise. According to our results, stabilisation occurs about 40-60 sheets before 
the printing press indication.  
 
During the sharp printings the printing press operator was asked to cancel each 
adjustment after approximately 90 sheets. Both printings were approved after two 
adjustments. Two short adjustments are equivalent to 280 sheets. According to our 
calculations of average number of sheets per adjustment in the current production on 
Larsson Offsettryck AB, two adjustments would instead require 420 sheets. Our 
conclusion is therefore that the method of shortening the adjustments is working. 
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13 ICC profile adjustments 
According to the measurements on colour reproduction printing one to four we can 
conclude that the ICC profiles at Larsson Offsettryck AB are not optimal and that the 
values given from the prepress can be improved. One factor that greatly influences the 
result of the colour reproduction is the grey balance, which is specified in the ICC 
profiles. In the following chapters we describe how we have examined the grey balance 
of the current ICC profiles used at Larsson Offsettryck AB and looked for optimal grey 
balance values for the two different paper qualities focused on in the thesis.  

13.1 Evaluation of the ICC profile grey balance  

We performed two grey balance printings with the aim of finding the best possible grey 
balance values for the two paper qualities we have used for our printings through 
variation of the values used at Larsson Offsettryck AB and the recommended grey 
balance values stated by Tidningsutgivarna (TU), Swedish newspaper publishers' 
association. Unfortunately we realised too late that we had let the grey balance values 
pass through the ICC profiles currently used at Larsson Offsettryck AB, thus affecting 
the colour reproduction by adapting it to the profile settings. Therefore, all the values 
obtained through these printings cannot be used for the intended purpose; to find the 
optimal grey balance for coated and uncoated paper. The results from these two 
printings are instead used only to evaluate the accuracy of the current grey balance 
values.   
 
The first grey balance printing was performed at the same time as the third colour 
reproduction printing. The colour fields and the grey balance fields were co-printed on 
the same paper sheets. Hence, the grey balance printing one and colour reproduction 
three have the same adjustment, see chapter 12.3. The second grey balance printing was 
performed at the same time as the shorter adjustment printing. The colour fields and the 
grey balance fields were co-printed on the same paper sheets. For adjustments during 
said printing, see chapter 12.4.   
 
On our grey balance test chart, we printed the values found in the profiles used at 
Larsson Offsettryck AB, see table 18 to 21 for these values.  
 
The grey balance values from the profiles at Larsson Offsettryck AB were retrieved with 
the aid of the software program GretagMacBeth ProfileEditor 5.0. In the editor the tool 
"gray balance" was chosen. Figure 17 shows a screen shot from the application. The 
curve shows the grey balance for the entire density spectrum for uncoated paper. In the 
boxes the chosen density, 52 %, of black and the corresponding value for cyan, 38.2 %, 
are shown.  
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Figure 17: GretagMacBeth ProfileEditor 5.0, grey balance tool  

 
To find an appropriate grey balance spectrum, we aimed at finding the cyan, magenta 
and yellow colour tone values corresponding to 22 %, 32 %, 42 % and 52 % density of 
black. We chose not to add a darker grey, higher density of black, because measurement 
of higher densities can give scattered and irregular values [9].  

13.1.1 Result  

Table 18 and 19 show, for coated paper, the colour balance used in the profiles at 
Larsson Offsettryck AB for 22 % black, 32 % black, 42 % black and 52 % black. ΔE stands 
for the CIE 1976 L*a*b* colour difference between the grey value and the grey balance 
candidate.  
 
Table 18: Grey balance coated paper, 1:st printing: a) 22 %, b) 32 %, c) 42 %, d) 52 % black  

                
a) 

 Grey  
value 

Larsson  b)  Grey  
value 

Larsson  

 ∆E --- 2.6761  ∆E --- 3.4338 

  
Lab 

L = 77.51 
a = 0.12 
b = -0.68 

L = 76.5 
a = -2.12 
b = 0.38 

  
Lab 

L = 69.64 
 a = -0.16 
b = -0.64 

L = 67.84 
a = -2.84 
b = 0.53 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 22 

C = 24.3 
M = 17.7 
Y = 17.1 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 32 

C = 34.7 
M = 26.9 
Y = 25.9 

K = 0 

        

c)  Grey  
value 

Larsson  d)  Grey  
value 

Larsson  

 ∆E --- 3.7967  ∆E --- 4.7200 

  
Lab 

L = 62.32 
a = -0.17 
b = -0.33 

L = 62.44 
a = -3.66 
b = 1.16 

  
Lab 

L = 55.11 
a = -0.23 
b = -0.08 

L = 57.35 
a = -4.06 
b = 1.53 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 42 

C = 41.6 
M = 34.2 
Y = 32.8 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 52 

C = 47.9 
M = 40.3 
Y = 38.7 

K = 0 
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Table 19: Grey balance coated paper, 2:nd printing: a) 22 %, b) 32 %, c) 42 %, d) 52 % black  

a)  Grey  
value 

Larsson  b)  Grey  
value 

Larsson  

 ∆E --- 1.7037  ∆E --- 2.2761 

  
Lab 

L = 77.15 
a = 0.10 
b = -0.68 

L = 77.7 
a = 0.74 
b = 0.80 

  
Lab 

L = 69.31 
a = 0.08 
b = -0.54 

L = 70.13 
a = 0.92 
b = 1.41 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 22 

C = 24.3 
M = 17.7 
Y = 17.1 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 32 

C = 34.7 
M = 26.9 
Y = 25.9 

K = 0 

        

c)  Grey  
value 

Larsson  d)  Grey  
value 

Larsson  

 ∆E --- 3.2588  ∆E --- 5.2693 

  
Lab 

L = 62.28 
a = -0.04 
b = -0.28 

L = 64.05 
a = 1.31 
b = 2.10 

  
Lab 

L = 55.00 
a = -0.06 
b = -0.12 

L = 59.06 
a = 1.28 
b = 2.96 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 42 

C = 41.6 
M = 34.2 
Y = 32.8 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 52 

C = 47.9 
M = 40.3 
Y = 38.7 

K = 0 

 
For coated paper, the CIELAB values from Larsson Offsettryck AB deviate from the ones 
measured after grey balance printing one, but the colour difference is still about the 
same and under or close to JND, approximately 3, for all chosen densities of black [7]. 
The reason that the colour differences are quite similar although the CIELAB values 
differ is that in the first printing the grey balance contained too much green and in the 
second one differed equally from the grey value, but was instead too red. The dot gain, 
which is the same as for the shorter adjustment printing and can be seen in table 12 in 
chapter 12.4.2, also leads to the same conclusion. Compared to the dot gain in colour 
reproduction printing three, see table 8 in chapter 12.3.2, the shorter adjustment printing 
has much lower dot gain for cyan in the final print which indicates that the red colour is 
more dominating in this printing. We conclude that since the grey balance of Larsson 
Offsettryck AB seems quite stable for coated paper and the colour differences are 
acceptably low, there is no reason for us to keep looking for a better grey balance. The 
improvements would be insignificant.  
 
Table 20 and 21 show, for uncoated paper, the colour balance used in the profiles at 
Larsson Offsettryck AB for 22 % black, 32 % black, 42 % black and 52 % black 
respectively. ΔE stands for the CIE 1976 L*a*b* colour difference between the grey value 
and the grey balance candidate. 
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Table 20: Grey balance uncoated paper, 1:st printing: a) 22 %, b) 32 %, c) 42 %, d) 52 % black  

a)  Grey  
value 

Larsson  b)  Grey  
value 

Larsson  

 ∆E --- 2.5875  ∆E --- 3.4908 

  
Lab 

L = 78.82 
a = 0.15 
b = -0.46 

L = 80.07 
a = -0.07 
b = -2.56 

  
Lab 

L = 72.74 
a = 0.09 
b = -0.13 

L = 74.58 
a = -0.89 
b = -2.93 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 22 

C = 19.8 
M = 14.1 
Y = 10.7 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 32 

C = 27 
M = 20.1 
Y = 15.9 

K = 0 

        

c)  Grey  
value 

Larsson  d)  Grey  
value 

Larsson  

 ∆E --- 5.6910  ∆E --- 8.8682 

  
Lab 

L = 66.58 
a = 0.07 
b = 0.12 

L = 70.29 
a = -0.62 
b = -4.14 

  
Lab 

L = 59.09 
a = 0.07 
b = 0.53 

L = 65.9 
a = -0.01 
b = -5.15 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 42 

C = 33.1 
M = 26 
Y = 20 
K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 52 

C = 38.2 
M = 31.6 
Y = 23.8 

K = 0 

 

Table 21: Grey balance uncoated paper, 2:nd printing: a) 22 %, b) 32 %, c) 42 %, d) 52 % black  

a)  Grey  
value 

Larsson  b)  Grey  
value 

Larsson  

 ∆E --- 3.1682  ∆E --- 5.7247 

  
Lab 

L = 78.42 
a = 0.24 
b = -0.40 

L = 80.03 
a = 0.58 
b = -1.91 

  
Lab 

L = 72.20 
a = 0.19 
b = -0.11 

L = 74.88 
a = 0.32 
b = -1.84 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 22 

C = 19.8 
M = 14.1 
Y = 10.7 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 32 

C = 27 
M = 20.1 
Y = 15.9 

K = 0 

        

c)  Grey  
value 

Larsson  d)  Grey  
value 

Larsson  

 ∆E --- 8.6252  ∆E --- 11.9729 

  
Lab 

L = 65.35 
a = 0.13 
b = 0.20 

L = 70.50 
a = 0.92 
b = -2.71 

  
Lab 

L = 59.41 
a = 0.09 
b = 0.59 

L = 66.43 
a = 1.51 
b = -3.32 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 42 

C = 33.1 
M = 26 
Y = 20 
K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 52 

C = 38.2 
M = 31.6 
Y = 23.8 

K = 0 
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For uncoated paper, the grey balances provided by Larsson Offsettryck AB are not good 
enough. Only one colour difference value, on one of the two printings, is under the 
desired maximum level, JND. Two more of the colour difference values are close to it. 
The grey balances for dark grey values have colour differences that are too high to be 
acceptable. We conclude that there is incitement to further investigate the grey balance 
of the printing press, for uncoated paper, and try to achieve a better grey balance.

13.2 Search for optimal grey balance 

After evaluating the grey balance values in the ICC profiles used at Larsson Offsettryck 
AB we have concluded that the grey balance for coated paper is acceptable, but the grey 
balance for uncoated paper is not. In order to find a better grey balance for uncoated 
paper another printing was performed. We used no colour management before printing, 
since we did not want any predefined ICC profile values to alter the colour of our grey 
balance test chart. This gave us the opportunity to see how the printing press reproduces 
colours.  
 
On our grey balance test chart, we chose to print the recommended grey balance values 
stated by Tidningsutgivarna (TU), Swedish newspaper publishers' association, [18] and 
the values found in the profiles used at Larsson Offsettryck, see table 22. The densities of 
black used for the investigation are the same as those used by TU in the recommended 
grey balance values for coated paper. Since we could not find any recommended values 
for uncoated paper, TU’s values for coated paper were reused for this purpose as well. 
We had access to the profiles at Larsson Offsettryck AB for both coated and uncoated 
paper, so these values differed on our test charts. 
 
Table 22: Grey balance, ICC profiles and recommended by TU 

Black (%) 
Larsson, coated paper 

Grey balance (%) 
TU, coated paper  
Grey balance (%) 

Larsson, uncoated paper 
Grey balance (%) 

22 
C = 24.3 
M = 17.7 
Y = 17.1 

C = 20 
M = 14 
Y = 14 

C = 19.8 
M = 14.1 
Y = 10.7 

32 
C = 34.7 
M = 26.9 
Y = 25.9 

C = 30 
M = 22 
Y = 22 

C = 27 
M = 20.1 
Y = 15.9 

42 
C = 41.6 
M = 34.2 
Y = 32.8 

C = 40 
M = 30 
Y = 30 

C = 33.1 
M = 26 
Y = 20 

52 
C = 47.9  
M = 45.3 
Y = 38.7 

C = 50 
M = 40 
Y = 40 

C = 38.2 
M = 31.6 
Y = 23.8 

 
The obtained cyan, magenta and yellow grey balance values were varied in order to find 
the best equivalent to the chosen densities of black. We had come to the conclusion, from 
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the evaluation of our first two test printings, that magenta and yellow are the colours 
that were not correctly reproduced. Therefore we could keep the cyan level constant and 
vary only the magenta and yellow colour values in our grey balance test fields. Two 
different methods were used. First we made columns that showed certain densities of 
black next to grey balance fields where either the cyan and magenta or the cyan and 
yellow densities were constant. The colour that was not kept constant was varied in 
steps of 1 %. We also made matrices where both magenta and yellow were varied 
simultaneously, in steps of 2 % [7]. Figure 18 shows one of the grey balance columns and 
one of the grey balance matrices.  
 

                     
Figure 18: A grey balance column and a grey balance matrix  

 
There are advantages with showing the grey balance fields as columns as well as in 
matrix form. The columns are good for quick visual evaluation, since every grey balance 
field has a neighbouring field with the density of black that the grey balance is meant to 
resemble. It is important to remember that the visual evaluation must be performed 
under the intended illumination, in our case D65, in order to get a correct result, since 
the visual result differs greatly between different illuminations. The matrices on the 
other hand provide a more diverse spectrum of colour combinations and might be better 
for the objective evaluation. If a grey value from one of the columns turns out to be the 
best one, visually and according to the density and colour difference calculations, a new 
matrix can be built around this value and printed in order to find the optimal grey 
balance.  
 
From the measurements of this printing, we calculated the colour difference, ΔE, 
between the black colour tones of different saturation and all their grey balance 
candidates. The grey balance candidate that is closest to the corresponding black tone, 
giving the lowest ΔE, was chosen as the best match. All calculations were made based 
on measurements from the approved sheets, for coated and uncoated paper.   
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13.2.1 Result  

Our calculations on the final grey balance printing show that we have found grey 
balance values that perform better than the ones used in the ICC profiles for uncoated 
paper at Larsson Offsettryck AB today, for all the investigated saturations of black. Table 
23 show the CIELAB and CMYK values of the chosen saturations of black, in the table 
referred to as grey values, the best grey balance found from the measurement and the 
values used in the ICC profiles at Larsson Offsettryck AB.  
 
Table 23: Grey balance:  a) 22%, b) 32%, c) 42%, d) 52% black 

a)  Grey  
value 

Best  
match 

Larsson  b)  Grey  
value 

Best  
match 

Larsson  

 ∆E --- 2.3184 4.5194  ∆E --- 2.6258 6.6248 

  
Lab 

L = 76.69 
a = 0.12 
b = -0.20 

L = 79.0 
a = 0.04 
b = -0.38 

L = 80.04 
a = 0.57 
b = -3.2 

  
Lab 

L = 69.06 
 a = 0.08 
b = 0.10 

L = 71.47 
a = -0.84 
b = -0.39 

L = 74.58 
a = 0.23 
b = -3.56 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 22 

C=19.8 
M=14.1 
Y=14.7 

K=0 

C = 19.8 
M = 14.1 
Y = 10.7 

K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 32 

C=30 
M=22 
Y=23 
K = 0 

C = 27 
M = 20.1 
Y = 15.9 

K = 0 

          

c)  Grey  
value 

Best  
match 

Larsson  d)  Grey  
value 

Best  
match 

Larsson  

 ∆E --- 3.9990 9.6868  ∆E --- 3.6559 12.1182 

  
Lab 

L = 61.71 
a = 0.06 
b = 0.49 

L = 77.06 
a = 3.42 
b = -1.38 

L = 70.00 
a = 0.84 
b = -4.46 

  
Lab 

L = 55.61 
a = 0.04 
b = 0.70 

L = 78.85 
a = -1.06 
b = 2.56 

L = 66.26 
a = 1.12 
b = -4.98 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 42 

C=40 
M=36 
Y=30 
K = 0 

C = 33.1 
M = 26 
Y = 20 
K = 0 

  
CMYK 

C = 0 
M = 0 
Y = 0 
K = 52 

C=50 
M=40 
Y=45 
K = 0 

C = 38.2 
M = 31.6 
Y = 23.8 

K = 0 

 
A comparison between table 23 and table 21, the profile values of the second grey 
balance printing, shows very similar colour differences for the profile grey balance. This 
gives consistency to the conclusion that the grey balance values from the currently used 
ICC profiles for uncoated paper have colour differences that are too high to be 
acceptable. The best matches we have found have colour differences under JND for the 
two lowest saturations of black and close to JND for the two darker grey values. These 
values are good enough to use in a new ICC profile for uncoated paper. The values that 
have colour differences slightly over JND are still lower than the corresponding values 
for ICC profile for coated paper used at the company today, which we found to be good 
enough. It is difficult to reproduce high saturations of black using colour tones and it is 
more difficult for uncoated paper than for a coated paper quality, since the uncoated 
paper absorbs a higher amount of ink. Therefore we conclude that the best grey balance 
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values of this printing could be used as the grey balance for uncoated paper in a new 
ICC profile. There is room for improvement of the values even though the difference in 
print quality and reduction in the number of adjustment sheets would probably be 
insignificant.  
 
Since the printing press does not give a perfectly consistent result, depending on a 
number of factors such as who is operating it, how long it has been since it was last 
cleaned and what kind of job was printed previously, the grey balance values found 
from this printing have to be further evaluated. 
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14 Conclusion and future work 
One of the objectives of this master thesis was to see if there was any way to standardise 
the adjustments performed to achieve the right colour levels in the printing press during 
the adjustment phase. Through measurements on sheets taken from the beginning, the 
middle and the end of several adjustments during the printing process, we can conclude 
that the adjustment can be considered finished after fewer sheets than what the Prinect 
CP 2000 interface suggests. According to our colour difference calculations, there is an 
exaggerated accuracy in the printing press when it comes to stabilising the colour levels. 
The printing we performed with shorter adjustments emphasised the idea that each 
adjustment can be cancelled after 80-100 sheets without any loss of print quality. 
Compared to the printings performed daily at Larsson Offsettryck AB, which have an 
average of 140 sheets per adjustment according to our research; this would mean a 
reduction of 40 to 60 sheets per adjustment. Thereby the number of adjustment sheets 
for Larsson Offsettryck AB can be decreased by approximately 35 % through this simple 
alteration of the printing process.  
 
Our research with the aim of reducing the number of adjustment sheets at Larsson 
Offsettryck AB has also included investigating the ICC profiles. The profiles currently 
used in the colour management system at Larsson Offsettryck AB are not optimal. There 
are only two profiles – one for coated paper qualities and one for uncoated paper 
qualities. If several, more specialised, profiles were applied; the number of adjustments 
during the printing process could be reduced. However, the many paper qualities used 
would acquire a large number of profiles, which would have to be implemented and 
then maintained. It is also questionable whether the many profiles would differ enough 
to “pay off” the work of creating and calibrating the profiles. Larsson Offsettryck AB has 
focused on the two main categories of paper, coated and uncoated, for their profile 
making and we consider this to be enough. What could be improved are the settings of 
the profiles.  
 
There are several settings in the ICC profiles that affect the print quality. Two of these 
are dot gain and relative print contrast, which are related in the way that high dot gain is 
equivalent to low print contrast. We have through objective measurements found that 
the dot gain in the prints, when the current ICC profiles have been used, is a bit too high 
compared to the recommendations. The high values of dot gain indicate that there is too 
much colour added to the print, resulting in a print contrast that is too low. On the other 
hand, this provides a good visual result with high colour density, which is the intention 
of the printing house. The dot gain therefore does not need to be altered in the profiles, if 
only the colour reproduction is considered. Yet, there are other aspects that need to be 
reflected. In the future it could be interesting for printing house to try to optimise the 
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colour consumption in relation to the colour saturation. We believe that significant 
improvement could be made in this area. 
 
Another setting of the ICC profiles that is relevant to the resulting print quality is the 
grey balance. After thorough measurements we could conclude that the grey balance of 
the ICC profile for coated was good enough since it was under, or close to, JND for all 
investigated saturations of black. However, the grey balance in the profiles for uncoated 
paper was not acceptable. To find better grey balance values for uncoated paper 
qualities we printed variations of the grey balance values found in the current profile 
and variations of the grey balance values recommended by TU. From this printing we 
found grey balance values that were a better match to the investigated saturations of 
black than the ones of the current profile at Larsson Offsettryck AB. The values have to 
be further evaluated due to variations between each printing occasion caused by the 
current state of the printing press and the different working styles of the printing press 
operators. An appropriate continuation would be to perform more printings similar to 
the last grey balance printing presented in this thesis to validate the results of our 
printing or find better grey balance values. The improved values could then be used to 
alter the profile. If there had been time during this master thesis we would have 
continued with the study of the grey balance on uncoated paper. It was our intention to 
alter the profile for uncoated paper according to our suggested grey balance values and 
evaluate them. We believe that the altered profile would have given better colour levels 
from the start of each printing job, corresponding to lower colour differences compared 
to the approved print result. This would lead to fewer adjustments needed and thereby 
a reduction of the number of adjustment sheets.  
 
The fewer sheets used for each adjustments and the possible improvement of the grey 
balance values will lead to a significant cut-down of the number of adjustment sheets 
needed for each printing job at Larsson Offsettryck AB. Consequentially, there will be 
economical savings, increased production effectiveness and environmental winnings for 
the company, since the amount of paper, colour and working hours for each printing job 
will be diminished. Larsson Offsettryck AB is satisfied with the result of the thesis and 
wishes to implement the method of shortening the adjustments. 
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A 
Additive colour mixing 

New colours are created by combining 
light of different primary colours. RGB 
is an additive colour combination.  
 
Adjustment sheets 

Sheets printed in the beginning of a 
printing process, during the adjustment 
of colour levels and the balance of 
colour and water in the printing press. 
Adjustment sheets are waste paper and 
not a part of the product that is 
delivered to the customer. 
 

C 

CIE 

Colour system deduced from the 
standard observer according to 
Commission internationale de 
l’éclairage, the international lighting 
commission.  
 
CIELAB 

Colour system, with the axis L* 
(lightness), a* (red-green) and b* 
(yellow-blue), built on the CIE colour 
system.  
 

CIEXYZ 

Colour system, with the tristimulus 
values X, Y and Z, built on the CIE 
colour system.  
 
Coated paper 

Paper coated with a surface layer, 
making it possible to add more colour to 
the paper and providing a smoother 
surface.  

 

 

Colour difference, ΔE 

The distance between two colours in a 
colour space. The distance is measured 
differently depending on which colour 
difference is used.  
 

Colour range 

All colours that can be reproduced by a 
certain device.  
 

Colour separation 

Colour space conversion in a digital 
image, usually from RGB to CMYK. 
Prepares the digital image for printing. 
 
Colour space 

Describes a certain amount of colour, 
different colour spaces can be 
reproduced by different devices. 
 
Colour spectrum 

The spectrum of colours visible to the 
human eye, wavelengths between 400 
and 700 nm.  
 

Colour tone 

The colour impression a surface gives, 
decided by how the eye perceives the 
different wavelengths of light reflected 
from the surface.  
 
Conversion method 

Way of converting, transforming, 
colours between different colour spaces.  
 
CMM 

Colour management module 
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CMS 

Colour management system 
 
CMYK 

Subtractive colour mix consisting of the 
primary colours cyan, magenta, yellow 
and black. The primary colours are 
combined into new colours.  
 

D 

Density 

The amount of light that is absorbed by 
a surface, more absorption is equivalent 
to higher density.  
 
Densitometer 

Apparatus used for measuring density, 
see Density.  
 
Device dependent colour space 

Colour space whose appearance/result 
depends on which device it is used on.  
 
Device independent colour space  

Colour space whose appearance/result 
does not depend on which device it is 
used on; the result is always the same. 
 

Dummy 

Prototypes for folded products. Prepress 
uses the dummy in order to see what 
the result is supposed to be and to make 
sure that the pages are placed in the 
right order. 
 

D50 
Lighting with the colour temperature 
5000 K. It corresponds to direct sunlight.  
 

 

D65 
Lighting with the colour temperature 
6500 K. It corresponds to daylight 
without direct sunlight.  
 

G 

Gamut 

Colour range, colours reproducible by a 
certain device.  
 
Grey balance 

Combination of cyan, magenta and 
yellow that gives a neutral grey tone. 
 

I 
ICC 

International Colour Consortium, 
specification for how colour 
management systems and profiles 
should work. 
 
ICC profile 

File that describes the colour 
characteristics of a certain device. 
 

J 

JND 

Just noticeable difference, the smallest 
difference between two colours in a 
colour pair that is perceivable to the 
human eye of the standard observer.  
 

O 
Offset printing 

Printing method based on the 
lithographic principle, where printing 
surfaces and non-printing surfaces 
differentiate from each other by having 
different chemical properties.  
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P 
PCS 

Profile connection space, device 
independent colour space used in CMS.  
 
Prepress 

Prepares for printing by handling 
incoming documents, performing image 
processing, performing soft proofing 
and hard proofing and making plates. 
 
Postpress 

Completes the printing process by 
trimming, folding and stapling the 
finished product and distributing it to 
the customers. 
 
Proof printing 

Print used for hard proofing, i.e. to see 
what the final print will look like.  
 

R 
RGB 
Additive colour mix that consists of the 
three primary colours red, green and 
blue. The primary colours are combined 
into new colours.  
 

S 

Spectrophotometer 

Apparatus used for measuring the 
spectral reflectance of an object, used in 
colour management.  
 

Standard observer  
Specified by CIE in 1931, the result of an 
investigation of the human perception 
of colour tones.  
 

 
 

Subtractive colour mixing 

Used for printing, new colours are 
created by combining print colours of 
the primary colour tones. CMYK is a 
subtractive colour combination. 
 

T 
Tristimulus values 
Values deduced from the sensitivity 
functions describing the human 
trichromatic colour vision.  
 

TU 

Tidningsutgivarna or Swedish 
newspaper publishers’ association. The 
trade and employers’ association for 
Sweden's daily newspapers and other 
media companies. 
 

U 
Uncoated paper 

Paper that is not coated with a surface 
layer. The uncoated paper cannot take 
as much colour as coated paper.  
 

V, W 
Viewing light 

The lighting that is used for visual 
assessment of images. In graphic arts 
contexts the standard lighting is D50.  
 
White point 
The point in an image that has the 
highest lightness.  
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Appendix A: Questionnaire on waste paper 
 

 

Ordernr: _______________  

 

Pappersvikt: _________ g 

 

Papperstyp: Bestruket Obestruket 

 � � 

 

Antal inställningsark: _________ 

 

Egen uppfattning om antal inställningsark 

� Minimalt  � Normalt  � Stort  
 

Orsak till antalet inställningsark, om antalet är normalt eller stort 

Kryssa i ett eller flera alternativ. Skriv gärna kommentar på raden intill. 

 Otydlig info på ordern   

 Provtryck saknas  

 Dummy saknas  

 Ändrat färginställning utifrån tryckpressens 
rekommendation 

 

 Färgstyrning från repro fungerar inte   

 Misspass  

 Pappersfel  

 Maskinfel   

 Färg-/fuktbalansproblem   

 Annat:   

 
Makulatur under tryckning, antal ark (i runda slängar): _________ 
 

Orsaker till makulatur under tryckning 

Kryssa i ett eller flera alternativ. Skriv gärna kommentar på raden intill. 

 Färgstyrning från repro fungerar inte   

 Misspass  

 Pappersfel  

 Maskinfel   

 Färg-/fuktbalansproblem   

 Annat:   

 



 

 

Appendix B: Values from colour reproduction printing 1 
 

Uncoated paper  Coated paper 

Colour Sheet no. 
∆E compared to 

the approved print 
 Colour Sheet no. 

∆E compared to 
the approved print 

165 6.363  185 1.879 

295 3.057  245 1.952 

370 2.415  320 2.357 

425 0.361  290 0.992 

502 0.944  465 0.835 

Cyan 

577 0.752  

Cyan 

525 0.453 

165 9.591  185 7.281 

295 5.170  245 7.079 

370 1.769  320 8.188 

425 1.057  290 2.221 

502 1.375  465 1.822 

Magenta 

577 1.793  

Magenta 

525 0.652 

165 6.767  185 8.735 

295 4.188  245 7.412 

370 2.698  320 9.043 

425 1.218  290 1.126 

502 1.071  465 1.530 

Yellow 

577 1.820  

Yellow 

525 2.173 

165 9.946  185 4.828 

295 6.288  245 6.027 

370 4.709  320 6.704 

425 2.336  290 0.617 

502 2.367  465 1.786 

Black 

577 2.880  

Black 

525 2.199 

 



 

 

Appendix C: Values from colour reproduction printing 2 
 

Uncoated paper  Coated paper 

Colour Sheet no. 
∆E compared to 

the approved print 
 Colour Sheet no. 

∆E compared to 
the approved print 

191 10.648  174 7.968 

225 7.430  270 0.241 

298 5.966  345 0.348 

349 5.881  

Cyan 

405 1.401 

424 5.672  174 5.308 

Cyan 480 0.573  270 0.542 

191 8.200  345 0.313 

225 4.511  

Magenta 

405 0.236 

298 4.317  174 1.763 

349 3.885  270 0.231 

424 5.226  345 0.713 

Magenta 480 0.769  

Yellow 

405 0.932 

191 5.158  174 4.572 

225 4.825  270 1.408 

298 2.945  345 1.450 

349 2.016  

Black 

405 1.121 

424 4.922     

Yellow 480 0.996     

191 9.876     

225 5.201     

298 4.614     

349 3.182     

424 1.856     

Black 480 0.687     

 



 

 

Appendix D: Values from colour reproduction printing 3 
 

Uncoated paper  Coated paper 

Colour Sheet no. 
∆E compared to 

the approved print 
 Colour Sheet no. 

∆E compared to 
the approved print 

Cyan 125 6.327   Cyan 148 0.710 

Magenta 125 10.084   Magenta 148 1.520 

Yellow 125 8.980   Yellow 148 3.924 

Black 125 16.677   Black 148 4.574 

 


