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From the Editor
Dear readers
I present you the fourth issue of Journal of Graphic
Engineering and Design - JGED.
It is my pleasure to inform You that from this number
our journal is indexed in the DOAJ – Directory of Open
Access Journals. This helps our journal to be more
visible and recognized in the aim of publishing scientific
results within key words: engineering graphics, computer
graphics, graphic design, typography, printmaking and
engineering.
This issue has several papers from wide fields of
research.
We have a paper with overview of halftoning algorithms
with the focus on the application side.
One of the important research fields of interest is
design and the application of the design and graphic
communications in packaging.
Papers which investigate new possibilities in typography
have become almost a regular topic in our journal.
We hope that the variety of topics presented in this
issue will be inspiring for the researchers for new
research papers.
To all contributors of this issue I thank sincerely and
I invite all interested authors and researchers to send
their papers for publication.
Prof. PhD Dragoljub
Novaković
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Abstract:
What is a satisfactory quality when it comes to graphic arts industry? Acceptable quality of halftone image is become same as photographic picture. There are many different ways in which one can try to reach the desired quality. Different methods of halftoning (lpi and diferent methods of forming halftone dot), scanning, prepress, plate
making are just some ways to influence the final printing result. Knowing the advantages and disadvantages of a
certain halftoning technique will give us more ability to choose the right process path.
Keywords: First order FM, Second order FM, Quality, Colour Gamut.

Introduction
The quality of printed material is determined by three
influential factors: printing technology, paper as a substrate to be printed and the method by which data is
digitally transmitted to the final printing process on
printing plate, i.e. transfer from digital to analog form.
The transfer of image from analog to digital form of
data which need to be printed is required due to limited technology of printing process. It can be concluded
that it is necessary to know the technology of printing
process in order to achieve best quality of print, or in
other words, to achieve best possible image conversion
from digital into analog form. Printing techniques and
printing equipment depend on the physical and chemical laws that affect the quality of the prints. By adjusting the digital data according to output device provides
the best possible quality that can be achieved in a given
technique.
First received: 14.3.2012.
Accepted: 20.05.2012.

Need to print as close as possible to the original require
different levels of brightness for each particular colour.
Black and white photographs are made from all levels
of light, because of the way that light illuminates the
film. Film in the camera reacts to the incident light with
the appropriate density which is in proportion to the
incoming intensity of the light, i.e. light intensity that
reaches the film through the lens or CCD chip, when it
comes to digital photography. These different brightness levels or gray levels can not be reproduced as
such in electro-photographic, ink-jet or offset devices.
These kinds of gray levels can be generated on these
devices through method called halftoning. Halftoning
can be seen as a relation between the parts of an image that will not be covered with colour and those that
will be covered. If one needs to produce a darker tone,
the surface that will be covered with colour would be
larger, and vice versa. This procedure is called subtractive colour synthesis. Subtractive colour processes
work by blocking out parts of the spectrum. The idea of
subtractive colour is to reduce the amount of undesired
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colour reaching the eye. If the surfaces that are covered
in colour are small enough, the human visual system
will not be able to recognize them as separate elements,
but they will, in combination with a surface brightness,
bee seen as a single colour.

Blue noise algorithms
Sophisticated mathematical algorithms define the
means of transforming the image of continuous tone to
image of discrete elements.
Halftoning mathematically can be represented as a process of converting images with high amplitude resolution to a smaller amplitude resolution of an image.
The paper will present new generation of halftoning
systems, based on the so-called nonlinear, aperiodic,
stochastic method, which aims to deploy printing elements in that manner that the final product is as close
as possible to the original, i.e. currently unattainable
continuous tones images. (Hoffmann, 2006)
What impact has an improvement of halftoning process
on the print industry and printing markets that is based
on printing devices can bee seen analyzing the book of
Robert Ulichney Digital Halftoning (Ulichney, 1987.)
which has revolutionized the digital printing industry.
At that time digital halftoning was done exclusively
using amplitude modulated screen, where the dots are
distributed on a grid with fixed positions, depending on
the resolution. Different gray levels are achieved only
by increasing or decreasing dot size in its fixed position. Ulichney analyzed frequency modulated halftoning which was introduced back in 1973 (Bayer, 1973),
in which the different shades of gray are achieved with
random distributed dots of same size. Result of this
study was creation of new screening techniques, with
ideal frequency modulated distribution of halftoning
dots. One of the significant improvements in his work
was the introduction of the “blue noise” algorithms
(Ulichnery, 1988) that transform continuous tone image
into a binary image using a single comparator operation.
This simplicity as a result has a fast data processing and
gets results without time-consuming and complicated
algorithms, allowing its application for simple printing
devices. In the printing industry, improvement introduced by Ulichney most affected the ability to create
affordable four colour ink-jet printers. Negative sides
that accompanies this type of halftoning, from the beginning, are variations in size and shape of the dots that
deviate from the ideal distribution defined blue noise,
and imperfections caused by the output device. It seems
to be that the downside of “blue noise” is his perfection,
and reliance on ideal conditions that are not achievable
in commercial printing. Several different attempts have
been made to adjust halftoning algorithms according to
technical capabilities of output devices. In other words,
finding an appropriate halftoning model for a particular
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printing system is the key to a successful implementation of new halftoning technologies.

FM digital halftoning
The introduction of digital printers enabled the implementation of the idea to print an isolated pixel in order
to reduce the visibility of the dots and patterns that dots
create, especially in multicolour production runs. The
possibility of recognizing isolated dot is a result of conventional amplitude modulated screen in which the dot
is created by cluster of activated neighbor pixels. While
not changing the size of printed dots, regardless to the
gray level, i.e. keeping its size to the size of the single
isolated pixels, new halftoning techniques are changing
the distance between activated pixels, depending on the
tonal values to be achieved. The first FM techniques
introduced by Bayer and Bryngdalha (Bayer and Bryngdalh) used the ordered arrangement of isolated dots.
These techniques, as well as AM dot schemes, were
placeing each pixel independently of its neighbor pixels, according to a dither array, but on a limited number of thresholds, dispersed as much as possible. This
means that these algorithms could not at once take into
account all the pixels that need to be placed on the image. Image was divided into smaller areas and than in
this arias algorithms was carried out, so that the image
was eventually composed from the same size area over
which the same algorithm was used. This resulted in
problem which is shown that these early FM technique
had, and it can be described as a tiling - the pattern,
which occurs when the pixels in the same arrangement
are repeated across an image.
A better approach to rasterization is given by Floyd
and Steinberg (Floyd and Steinberg, 1976) who introduced a revolutionary expansion algorithm - Error diffusion. This algorithm integrated a statistical analysis
of the position for each pixel. Position is determined
by the input data for that pixel location and location of
neighbor pixels. It can be said that this algorithm introduces an error in each dithering matrix and that error is
passed to the next matrix, providing that no matrix is
same and the same matrix are not repeated, thus giving
the illusion of randomness. This randomness prevented
moiré effect in pictures and gave an image much more
natural look, but because of the added algorithm, it was
muchmore demanding for calculation and execution.
Such improvements was first introduced by Ulichney
Error-diffusion algorithm as a generator of “bluenoise”. Ulichney uses the term “blue” because the spectral content of the stochastic images are distributed exclusively through high-frequency spectral components,
as the blue light is made entirely of high-frequency
light waves of white light. Ulichney further found that
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the average distance between two same colour dot is
directly related to the gray level in the picture before
dithering. The problem with these types of screens are
mostly reflected through the impossibility of maintaining consistent dot transmission to the surface, both in
the pressrun or the sheet surface. Consequently the
blue-noise and FM screening have been generally expensive, i.e. they needed very precise and expensive
equipment for their use.
The introduction of FM halftoning in printing processes broke the limitations caused by screen angles and
therefore enable the construction of a printer with more
than four colours. The introduction of additional colours enable the increment of colour gamut that can be
obtained by printing.
However, regardless of benefits introduced by this
halftoning method, it remained applyed only in ink-jet
technology. The reason is the inability of offset printing
machines to print such a small isolated dot with sufficient consistency.

Green noise
When the technical capacity was acquired to achieve
higher resolution of 1200 dpi, scientists have turned to
the possibility of merging the individual pixels in a socalled clusters. This kind of merger enabled the creation
of patterns that will be less visible to naked eye, with
higher spacial resolution and still no periodic structure.
With a certain amount of the merger, these clusters are
much easier to print, i.e. enabling print without too
much oscillation in the output tone. For four colour
printing, grouping pixels in this manner, without the
introduction of periodicity, can still successfully avoid
the appearance of moare effect. Nowadays, these are
often called second generation FM halftones, or hybrid
XM screens depending on the way clusters are formed.
(Lau et al., 1998)
One of the way that will allow usage of random dots
on the devices that are not entirely reliable, and enable them to maintain consistency as in the standard
AM halfton was found in Levien (Levien, 1992) “Output dependent feedback in error diffusion halftoning”
method. This method is based on the error diffusion
algorithm dependent on the output device. Here, the increased amount of pixels obtained previously is used to
obtain a threshold quantization matrix of the resulting
structure. This structure is composed of randomly assembled clusters of different shapes and different sizes.
This system gives good results but led to problems due
to excessive computational complexity.

Its on the researchers to seek a way in which will the
advantages of FM screens fit the market demand resulting in better quality than the conventional periodic
halftoning. Attention was diverted into the algorithms
that will be able to group certain colours pixel together
in a random fashion, to obtain the structure of the halftone, which will be able to print with more consistency,
from sheet to sheet, without fear of moare.
As the blue-noise is high-frequency component of
white-noise, green noise is component with mid-frequency of white noise, and also with aperiodic structure
of blue-noise. It also needs to avoid the low-frequency
structure that is responsible for the appearance of grainy
pattern. But unlike blue-noise which is composed of an
isolated pixel, the green-noise pixels are grouped together and create random clusters. The reason for using green-noise is a combination of disperse blue-noise
components with the AM method of forming the dots,
with the added possibility of controlling the degree of
clustering. (Lau et al., 1998) The reason is the possibility of creating a halftone structure that will be able
to define the level of clustering of dots depending on
the quality and reliability of the output device. In usage
of a higher quality output devices one can reduce the
level of clustering of pixels and thus get smaller clusters whose structure is less visible to the naked eye. For
devices whose reliability in transfering dots is small,
clustering of pixels can be increased and so that can
provide a sufficiently large clusters which can be transferred without major fluctuations. Therefore, the usage
of FM halftone is possible with the most sophisticated
offset machines and also with large web-offset.

Application of previous research
Choice of FM dot shape is very important, because it
influences the choice of printing plates, CTP devices,
the aesthetic appearance of printed material as well
as the behavior of the printing press during print run.
There is a greater variety of FM halftone dots shapes
than is the case with AM dots.

First generation of FM halftones
In FM screens every dot is forming inside halftone cell,
which consists a grid of up to16 x 16 pixels. Pixels
within each cell are activated in pseudo random order
to form the FM cell surface or full tone. Then the cells
are connected to each other, like a mosaic, to form an
image.
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Figure 1.
a) One halftone cell with 16x16
pixels
b) identical cells arranged in 4x4

Figure 1 shows one enlarged cell, composed from
16x16 pixels with some of them activated. On the right
side it can bee seen area filled with sixteen of the 16x16
cells.
Repeating the same cell, in this case, 16 times, one can
come to the conclusion that the visible pattern occurs
within the halftone surface, which is more or less recognizable to eye. Consequently it violates one of the
great advantages of FM screens compared to the AM
halftones and that is certainly aperiodic nature. Grainy
appearance become evident, the inconsistent structure
that emphasizes the uneven colour. Small physical size
of dots makes printing very inconsistent, unables even
transfer from first to last sheet during the press run, and
over the surface of a sheet.
Because of the very small printing elements, which are
positioned on the printing plate,often came to losing
them in the printing process, consequently reducing the
number of impression that can be achieved.
Certainly the advantages like extremly small screening
dot, even looking at printing element through magnifying glass, often enabled usage of this type of halftoning
for art reproductions. Due the fact that positive sides
was greatly outnumbered by negative side, this way of
halftoning is kept only in highly specialized workshops.

ing a worms resembling structure shapes, as is the case
with Kodak Stacato FM screen or halftone dot may be
increased in both directions, forming a dot which then
resembles a conventional halftone dot, like Screen Spekta FM screen. In this section, it must be noted that
various manufacturers of CTP devices, equipped theres
CTPs with varius types of algorithms, improved them,
adapting them according to their technology, so on the
market, one can find different versions of second generation FM screens. So that depending on the manufacturer, some shortcomings of the first generation are
more or less successfully overcome. One of the major
shortcomings of the first generation was uneven tones,
especially towhen it comes to mid tones. Remaining
shortcomings, when it comes to the first example, is
the need for high resolution, because the dot can be
formed only from one or two pixels. Frequent deficiencies in second examples are related to consistency due
to changes in the shape of halftone dots in shadow area.
a)

b)

Figure 3 Two different ways of forming a cluster) in
one direction, b) in two directions
Figure 2 First generation FM screen

Second generation FM screen
Second generation FM screen greatly nullified any
negative effects that occurred in the first generation
FM screen. As such, it has become standard in today’s
printing industry. This type of halftoning increases halftone dot as a way of increasing tonal values. Growth of
halftone dot can be carried out in one direction, form-
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At this stage it should be noted that one can not generally speak about FM halftones, as halftones that givesa
grainy structure. The quality of FM halftone depend
heavily on the implementation of algorithms in manufacturers CTP devices.
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FM gamut
One of the major advantages attributed to FM screen is
expanded colour gamut that can be obtained by applying a dispersed dithering type.

as such returns to the observer. The unfiltered light is
than mixed with filtered light and affect its purity, contaminating it. FM halftone dots largely cover the substrate surface, consequently they are causing more optical dot gain, outcome is greater amount of light that is
filtered by the ink comparing to the light that bounced
off the substrate without filtering. Between AM dots
there is much more empty space from which light will
be reflect, without filtering. An example can be seen in
in Figure 5. where the areas with 15% and 40% coverage are displayed as for the AM and FM.

Figure 4. Colour gamut AM (fill) and FM screen
(transparent)
The picture shows the colour gamut obtained with 20
micron Kodak Staccato FM halftone, shown as transparent, and within this range colour gamut obtained by
175 line AM screen. GRACoL 7 test chart was used as
a test form and special linearization is applied when
illuminating FM screens. What can be clearly seen is
that the FM colour gamut is larger than gamut obtained
by raster AM. However, the difference will eventually
become visible in one or two colours and in the areas of
10% to 90% tonal value. Since the two colour bitmap
is not common, the difference in gamuts, (AM and FM
gamut) may not be visible in reproduction.
The increase in gamut can be explained as a result of
the smaller dots of the FM screen, which cover a larger
surface of paper area compared to conventional AM
halftone at the same reproduced tone value. This means
that if the frequencyof the AM increased to about 350
lpi would lead to an identical increase in the gamut that
can be seen in the 20 micron FM raster. FM screen does
not increase the gamut that can be obtained, instead it is
more accurate to say that FM reduces potential colour
gamut less than it is the case with the AM. The function
of the ink colour is to filter white light and when that
happens it can be seen colour depending on what part
of the spectrum is filtered in this way.
Part of the light passes through a ink layer on the surface of paper and is filtered by ink and than reflected
from the surface. A certain amount of light gets scatter
inside the substrate beneath layers of ink, thus contributing to the optical dot gain. Finally, part of the light
bounces off the surface of the substrate with no ink and

Figure 5 Comparison between amounts of white space
in two types of halftoning
It can be clearly seen that the surface coverage with FM
screens is higher and thus the more likely it will filter
the light. As a result, fewer white light will appear and
consequently there will be less loss in the colour gamut.
There is another factor which is responsible for the existence of a larger gamut of FM screens. The thicker
layer of ink on the surface it is, it becomes less efficient
filter for light. Instead, light is reflected from the surface of ink. FM screens have a uniform film of ink on
the substrate and lower film thickenss, i.e. thinner layer
of ink is on top of the surface, when compared to AM
screens.
Figure 6 shows the AM and FM raster fields of magenta. Both fields have the same tone value. The different,
increased densities across the surface of each AM dot
reduces ink filtering ability.
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approach to halftoning, than previously used conventional AM, immediately attracted attention. However,
fine, small dots that were unattainable dream come true
of continuous tone image, soon became a nightmare,
filled with uncontrollable dot gain, grainy patterns and
decreased gamut, due to congestion in shadow areas of
image. FM screen has since than been marked as “ uncontrollable”.
Figure 6 Comparison the colour of the layer thickness
Finally, FM screens, because of the thin film of ink on
the surface,tend to dry faster than the thicker AM ink
film. This allows them to dry faster and hance overprinting.

Resolution
The great advantage of FM is its high screen resolution, which, in theory, should allow a lot more detail on
images than is possible with AM halftone techniques.
Certainly the benefits of such large screen resolution,
can be seen in the finest details of images such as pictures with glossy surfaces with colour transitions or
fabric,where the FM screen can prevent the moarea occurrence.

Print contrast
Images printed with AM halftone will have higher contrast than the images printed with a stochastic halftone.
It can be explained with larger areas of white papir that
can be seen and that these areas has increased the image contrast. Due to the increase in tone values of the
stochastic samples, print contrast can be lowered.

Market trends
Years of research in the area of halftonign techniques,
enabled the obtaining of a large number of patents, over
1300 which in its abstract with the word halftone. Although many papers have been written on this subject,
there is still many improvement in ahead of us related
to transition of continuous tone image to an image that
can be printed in sufficient quality, financially efficient.
In the printing industry, the most significant discoveries in halftoning techniques soon found their way into
commercial applications. Most vendors did not want
to fall behind when it comes to advanced halftonign
techniques. They implement different varieties of FM
screen into their RIP. Already in 1990 the first commercial FM screens appeared on the market. They were presented by Agfa Miles, Inc. With its drastically different
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Thanks to the improvement in CTP technology and
printing plates performance, FM screen began, at the
end of the nineties, his comeback to everyday use in
printing industry.
Today, there are about a dozen manufacturers that offer
stochastic and hybrid screens. Each vendor has several
FM modulation, depending on the size of the dots, algorithms used for layout of dots and even shapes of
halftone dots.

Conclusion
This paper presents significant developments of stochastic screening techniques in conversion of continuous tone images to binary data. Each technique has
its advantages and disadvantages. Getting familiar
with these advantages and disadvantages holds a key
of successful implementation of frequency modulated
screening techniques into print process.
All those who have a tendency to use these new screening techniques must be aware that is necessary to constantly monitor all parameters of the printing process,
in order to obtain an appropriate outcome. Creating an
appropriate analysis model is the best way to eliminate
any outside influences that can affect print quality. Too
often one can witness that printing sheets do not contain control strips; control devices that should help in
obtaining the desired quality are often unused. Each of
the devices must be regularly serviced and calibrated to
give relevant measurement.
In order to successfully implement a stochastic halftoning, it is necessary to fully acquire knowledge about the
printing process. Process control must be an integral
part of printing. It consists of an initial image quality
analysis and colour separation, then the imposition and
creation of pdf or ps files. Selecting the appropriate RIP
option is next step in preparation of printing plates. It
is necessary to apply a compensation curve, which will
be used by RIP. Most importantly, it is necessary to
provide identical working conditions for offset printing
machines from day to day. This implies the standardization of the process, which will be best achieved by
creating model of analysis.
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Agfa CrystalRaster - is Agfa choice of FM
screening. It is designed for high-quality
offset machines with the highest resolution
output devices.

Agfa Sublima - is hybrid
halftone or XM (CrossModulation)-based on Agfa
Balanced Screening
technology, AM in medium
tones, to circumvent the
frequent errors that may
appear in the press with FM
screens

Kodak Staccato 20 μm allows printing
equivalent with 340 line AM screen. Kodak
has assumed this screen from Creo and
continued its production

Heidelberg Satin Screen
created in 2003, replaced
with Prinect Stochastic screen

Luscher Harlequin HDS Coarse which
proved to be extremely easy to print
/Pinćjer, 2010/

Screen 2400-dpi RanDot is
the first generation of RanDot
screen, replaced with RanDot
X with green noise algorithms

basysPrint FM screen is
composed of second-generation
algorithms that form a pattern
wormy like.

Prinect Stochastic Screening II
is the second generation of
Prinect Heidelberg stochastic
screens with improved
algorithms.

Screen Spekta is hybrid screen.
Consistency of halftone dot is
achived by incresing its size in
two dimension. In this way it
creates various shapes of raster
dots.

RanDot X with 20% 60% and 80% halftone

Figure 7. Some of the best known FM screens
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Abstract:
Ability to predict consumer’s reaction to particular design solution of the product is very important. Gathering and
analysis of subjective judgments of particular characteristics, based on which the aesthetic of the product is judged,
is one of predicting the consumer’s reaction in the future. Knowledge gathered this manner can serve as a reference
for further studies of determining factors for aesthetic results and design quality. There are two opposed opinions
regarding prediction of aesthetic impression. One opinion is that taste of individual cannot be discussed because it
is extremely variable and the possibility of meaningful analysis of aesthetic impression is rejected. Other opinion
states that there is a consistent preference of certain aesthetic characteristics despite individual and group differences. Main goal of this paper is to examine the correlation between subjective judgments of certain PET bottle
characteristics. Analysis showed meaningful correlation between some of the PET bottle characteristics while other
characteristics showed less correlation. It can be concluded that not all of the characteristics have the same influence
on the aesthetics and design quality of the PET bottle form. Emphasizing the characteristics relative to aesthetics of
the product can produce better market results, taking in to account that consumer’s buy the product they consider to
be more attractive if other parameters of the product are similar.
Key words: design, PET packaging, modularity, aesthetic, subjective judgment

Introduction
Importance of the product design is pronounced in the
market where packaged goods are levelled regarding
quality. In such markets, form or design of the product
can be tipping point that pushes consumer in the direction of one or the other product of similar content and
quality. When given the choice between two products,
equal in price and function, target consumer buy the
one they consider to be more attractive (Kotler et al.,
1984). The form or exterior appearance of a product
is important as a means of communicating informaFirst received: 29.04.2012.
Accepted: 01.06.2012.

tion to consumers (Nussbaum, 1993). Product form
creates the initial impression and generates inferences
regarding other product attributes in the same manner
as does price (Berkowitz, 1987). In addition to managerial considerations, product form is also significant in a
larger sense because it affects the quality of our lives.
The perception and usage of beautifully designed products may provide sensory pleasure and stimulation. In
contrast, objects with unattractive forms may evoke
distaste. Essentially an applied art, product design has
a greater impact on our daily lives than do other art
forms, because we see products every day (Lawson,
1983). Product form can also have long lasting effects.
Although many goods are quickly discarded, the aes-
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thetic characteristics of more products can have an impact on prolonged product life.
The first thing that consumer interacts with when faced
with any product is packaging. Packaging is generally
regarded as an essential component of product. Kotler
(1999) defines packaging as “all the activities of designing and producing the container for a product.” (Kotler
et al., 1999). Packaging is considered to be a part of the
marketing mix, not only enclosing of a physical object
product that will be offered for sale. Often packaging is
the most relevant element of a trademark advertising or
communication. Packaging is an important part of the
branding process as it plays a role in communicating
the image and identity of a company (Kumar, 2006).
PET packaging offers diverse possibilities for communication. Freedom in design concerning shape of packaging results in wide range of possible solutions. A very
important function of packaging is the communication
of the product with a consumer. Shape of the packaging
is also potent tool of communication, unusual and symbolic shape can achieve strong influence on consumer
(Novaković et al., 2010). Design is first perceived visually, so there is strong importance of visual impression
(Kuzmanović, 2010).
In examining the product, the first component to be discussed is product form itself. A product’s form represents a number of elements chosen and blended into a
whole by the design team to achieve a particular sensory effect (Hollins et al., 1990). Designers make choices
regarding characteristics, such as shape, scale, tempo,
proportion, materials, colour, ornamentation, texture
etc. (Kellans et al., 1993). The task putted before a designer is how to mix these elements in order to achieve
satisfactory aesthetic results. Today in the environment of harsh competition there is no much room for
wrong decisions regarding packaging design; mistakes
can make big damage to company reputation. There
is a need to examine visual aesthetic impression on a
consumer before production process and even before
design process in order to obtain maximum advantage.
This paper shows research that has a goal to collect
subjective consumer judgments of PET bottle characteristics and to find the correlation amongst them.

Psychological Responses To Product Form
The product form may trigger a variety of psychological responses from consumers both cognitive and affective. Although it is useful to distinguish between
these two categories of psychological response cognitive and affective responses interact and may occur simultaneously.
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Cognitive response
Cognitive response involves consumers’ beliefs about
the product and brand (Bitner 1992). Product form may
create or influence beliefs about such characteristics as
durability, value, ease of use, and prestige etc. Designers often choose particular form elements to proactively
encourage the creation of desirable beliefs (Berkowitz
1987). Consumer beliefs resulting from design elements can be completely unanticipated.
There is some debate whether product-related beliefs
derive from holistic visual perceptions of the product’s
form or from linear processing of one design element
at a time. In support of holistic processing, Gestalt psychologists argue that objects are perceived as a whole
rather than separately. In contrast, some suggest that reactions to product form are based on atomistic perceptions (Durgee 1988). Accordingly, consumers attend to
individual stimulus elements and the fit among them.
One way to resolve these two perspectives is to assume
that both Gestalt and atomistic processing occur. The
product may first be perceived as a whole. If the form
warrants further processing, then individual elements
may become salient. Consumers may process design
elements, such as scale, material, arrangement and stability individually when judging the design.
The categorization is another potentially important type
of cognitive response to product form where con-sumers try to understand a product by placing it within an
existing category. Categorization is based on the perceived similarity between a given product and exemplars of various product categories and sub-categories
(Loken et al., 1990). When a product’s form is highly
unusual the categorization task becomes difficult for
consumer (Cox et al., 1987). Research on categorization suggests that consumers prefer goods that have
moderate innovative form in comparison to existing
products (Meyers-Levy et al., 1989).

Affective Responses
Perception of a product’s form evokes affective responses from consumers, positive and negative ones.
In some cases, product form perceptions can lead to a
moderately positive response such as simple liking, or
they can evoke stronger aesthetic responses similar to
those for works of art (Dumaine, 1991). The products
can trigger aesthetic responses in consumers, including an engagement of attention and positive emotions.
Aesthetic responses derive from the design and sensory
properties of the product rather than its performance or
functional attributes. It is not uncommon, however, for
aesthetic value and utilitarian value to occur together.
The goal of product design is to trigger more positive
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than negative responses among consumers, especially
those in the target segment. These affective responses
may be in response to the overall form or may relate to
individual design elements.

Descriptors of subjective judgment and
form characteristics
Aesthetic impression that packaging achieves is key
factor in marketing of the product. By aesthetic preference we consider judgment of the object that observer
interacts with. Judgment how much the observer likes
the object and how the object measures to other objects
of similar use (Mcwhinnie, 1968). Judgment about aesthetic preference can be reduced on judgment “ugly“ or
“beautiful“ and when judging object in a group “more
ugly“ or “more beautiful“ (Eysenck, 1986).
Recognition of the PET bottle is a very important characteristic which helps in communication with the consumer. Packaging able to represent product just by its
shape has a far more reach than packaging that relays
on a graphical means of information.
Arrangement of the form has important role to play in
communication with consumer and transference of design idea.
Form stability is judgment of the shape, form, proportions and mass distribution can influence the stability of
the packaging (Wong, 1993).

Method
Participants
Twenty five undergraduate students of the Department
of Graphic engineering and design, University of Novi
Sad, Faculty of Technical Sciences (14 male and 11 female), age group 22 to 26 years old, participated in this
experiment. All participants were randomly chosen.
Stimuli
Eleven PET bottles shown in figure 2. were chosen
to be specimens from a start group of 20 PET bottles.
Criteria for final choice was difference in form, usage,
proportions, level of stylization and none of them could
have distinct marking of the product that was in them,
such as labels or embossing. The specimens could be
grouped according to their characteristics of interest to
this study. Such groups as bottles with and without ornament, bottles with imitation of natural textures, etc.
Four of eleven PET bottles are present in local market and others are collected from other countries and
we can say that participants did not have a chance to
see those bottles earlier and form the opinion based on
other elements of marketing other than appearance of
the bottle. Bottles are marked with numbers (1-11) and
lighted from above on the MEGA NORMLIGHT 98 table in order to assure equal light conditions for all PET
bottles. The arrangement of PET bottles is random,
only rule is that no bottle with same characteristics is
placed next to each other.

Shape of the packaging that is usual and is not imaginative does not attract attention of consumer. Having that
in mind, imagination and originality are very important
in the judging design quality.
Hedonistic appreciation of the object as pleasant or unpleasant must be judged as a separate element of subjective impression, since pleasant is not only beautiful
nor unpleasant is always ugly (Eco, 2004)
Intrusive design has very important role in the process
of capturing attention but it can be often judged as aesthetically displeasing.
Ergonomics or design which fits the human body is
an element of function and can often be in clash with
aesthetics (Kroemer, 1994). Ergonomics judgment, although not subjective judgment, can be considered as
such if participants have no training in the field of ergonomics.

Figure 2. PET bottles used as stimuli
Instrument
The selection of descriptors of subjective impressions
was made. Descriptors were selected by the criteria
that they can be used later in the design process as a
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recommendations. Bipolar seven point scales from descriptors of opposing meaning were made with positive
meaning. Seven point intensity scale was distributed in
following manner: three on the positive side and three
on the negative side and zero in the middle as shown
in Table 1.

judgments of bottle characteristics was found by calculating Pearsons bivariate correlation. Results of correlation for all PET bottles are shown in correlation matrix, Table 2. Having in mind that subjective judgment
has lower value of correlation coefficient, criteria for
meaningful correlation is set higher than 0.5.

Table 1. Descriptors on the bipolar scale

From the analysis we can see meaningful correlation
between aesthetic impression and subjective judgments
of some bottle characteristics. The strongest correlation is between hedonistic judgment (pleasant) and
aesthetic impression (0.761 with significance < 0.01).
In individual analysis of each PET bottle the highest
correlation was 0.913. Hedonistic descriptor pleasant
in it self is positive and in case of PET bottles positive correlation with aesthetic impression was found.
When looking at the specimens more carefully it can be
noticed that none of the specimens is truly unpleasant
in the grotesque way and that is the case in which correlation between aesthetic impression and pleasantness
decreases.

Ugly

3 2 1 0 1 2 3

Beautiful

Unarranged
Unstable

3 2 1 0 1 2 3
3 2 1 0 1 2 3

Arranged
Stable

Usual
Unimaginative

3 2 1 0 1 2 3
3 2 1 0 1 2 3

Distinguished
Imaginative

Unimpressive
Unpleasant

3 2 1 0 1 2 3
3 2 1 0 1 2 3

Impressive
Pleasant

Unelegant
Unintrusive

3 2 1 0 1 2 3
3 2 1 0 1 2 3

Elegant
Intrusive

Unrecognizable
Not ergonomic

3 2 1 0 1 2 3
3 2 1 0 1 2 3

Recognizable
Ergonomic

Alongside with judging the shown characteristics, participants were asked to write their opinion about what
the packaging is intended for.
Procedure
Twenty five participants were distributed in to the
groups of five and asked to judge on the characteristics
of PET bottles in the questioner according to their impressions. They were explained that zero means neutral
and that on each side is intensity scale of certain attribute. The arrangement of the bottles was randomized
for each group. The eleven bottle samples were shown
together to the participants under uniform light conditions. Distance between stimuli and participants was
one meter approximately and participants were able to
touch, pick up and handle the samples in order to get a
better perception of the object. The time for judgment
of each PET bottle was not limited, nor was the time
for judging all PET bottles. Participants were not allowed inter group consultations or any communication
regarding judgment of the PET bottle characteristics.

Arrangement of the form (arranged) has second strongest correlation with aesthetic impression (0.721 with
significance <0.01). Individual analysis showed that
highest correlation for PET bottle was 0.892. Arranged forms are considered to be beautiful especially
in product design. Humans are used to highly arranged
environment which influences them to judge arranged
things as more beautiful and meaningful.

Results and discussion

Elegance of the PET bottle is proven to be important
factor in aesthetic impression, with correlation 0.702
and significance <0.01. The highest individual correlation was 0.851. Elegance of the form is well known
tool for achieving aesthetically pleasing forms, it can
be argued that the correlation is expected to be higher.
Stability and imagination of design could also be taken
in to consideration, but value of correlation coefficient
for these factors is low. The correlation of stability (stabile) is 0.389 with significance <0.05 and correlation of
imagination of design 0.382 with significance <0.05.
Further studies should be done to examine these factors more closely. Low correlation in this experiment
should not be taken as firm conclusion, as the specimens could have wider range of stability to obtain more
meaningful data.

Collected data was organized in the data metrics for
the further analysis. The bipolar scales were reduced
to seven point unipolar scales with positive side of descriptor (Beautiful, Arranged, Stable, Distinguished,
Imaginative, Impressive, Pleasant, Elegant, Intrusive,
Recognizable, Ergonomic). The matrices were created
so that eleven PET bottles were arranged one under another in the rows of matrices and the descriptors were
arranged in columns. Correlation between subjective

Hedonistic judgment (pleasant) has second strongest
correlation with Arrangement factor (0.599 with significance <0.01). Arranged forms are considered to be
more pleasant as they require les effort to contemplate.
Imagination correlates with Arrangement by correlation coefficient value 0.591, with significance <0.01.
Individual analysis showed that highest correlation in
case of boat factors was 0.678. Arranged forms as already mentioned are easier to contemplate thus it can
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Table 2. Correlation between subjective judgments of bottle characteristics
Bea.

Beautiful

Arranged

Stable

Pearson
Correlation
Sig.

Impressive

Pleasant

Elegant

Intrusive

Recognizable

Ergonomic

Stab.

Dist.

Imag.

Impr.

Pleas.

Eleg.

Intrus.

Recog.

Ergo.

.721**

.389*

.216

.386*

.093

.761**

.702**

-.036

.170

.123

.000

.013

.181

.014

.569

.000

.000

.827

.293

.450

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.721**

1

.425**

.161

.591**

.200

.599**

.396*

.214

.242

.284

Sig.

.000

.006

.321

.000

.216

.000

.011

.186

.132

.076

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.389*

.425**

1

.084

.222

.003

.420**

.104

-.029

-.043

-.189

Sig.

.013

.006

.605

.169

.983

.007

.522

.859

.792

.243

N

275

275

275

275

275

275

275

275

275

275

275

.216

.161

.084

1

-.262

-.335*

.022

.233

-.493**

-.290

-.063

Sig.

.181

.321

.605

.102

.035

.893

.147

.001

.069

.698

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.386*

.591**

.222

-.262

1

.543**

.280

.077

.452**

.363*

.263

Sig.

.014

.000

.169

.102

.000

.081

.638

.003

.021

.102

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.093

.200

.003

-.335*

.543**

1

.150

.002

.316*

.472**

.111

Sig.

.569

.216

.983

.035

.000

.356

.992

.047

.002

.495

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.761**

.599**

.420**

.022

.280

.150

1

.719**

.057

.178

.036

Sig.

.000

.000

.007

.893

.081

.356

.000

.729

.272

.826

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.702**

.396*

.104

.233

.077

.002

.719**

1

-.171

.136

.104

Sig.

.000

.011

.522

.147

.638

.992

.000

.292

.402

.523

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

-.036

.214

-.029

-.493**

.452**

.316*

.057

-.171

1

.648**

.137

Sig.

.827

.186

.859

.001

.003

.047

.729

.292

.000

.400

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.170

.242

-.043

-.290

.363*

.472**

.178

.136

.648**

1

.251

Sig.

.293

.132

.792

.069

.021

.002

.272

.402

.000

N

275

275

275

275

275

275

275

275

275

275

275

Pearson
Correlation

.123

.284

-.189

-.063

.263

.111

.036

.104

.137

.251

1

Sig.

.450

.076

.243

.698

.102

.495

.826

.523

.400

.119

N

275

275

275

275

275

275

275

275

275

275

Distinguished Pearson
Correlation

Imaginative

1

Arr.

.119

275

**.

*.

Correlation is significant at the 0.01 level (2-tailed).
Correlation is significant at the 0.05 level (2-tailed).

be expected for observer to grasp imagination of the
designer. Arrangement of the form makes the communication easier.
Hedonistic appreciation (pleasant) showed meaningful correlation with Elegance (0.719 with significance

<0.01) alongside previously mentioned Aesthetic and
Arrangement of the form factors. Individual analysis showed that highest correlation between hedonistic factor and elegance for individual PET bottle was
0.822. Elegance as in the case of aesthetic impression
is intervened with hedonistic appreciation and recorded
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value could be considered lower than expected. Further
research is needed to determine these correlations more
precisely.

3.

Recognisability as the results show is correlated with
Intrusiveness, value of correlation coefficient is 0.648
with significance <0.01. Individual analysis showed
that highest correlation for individual PET bottle was
0.798. Intrusive design although recognisable could
cause negative aesthetic impression and should be used
cautiously, although this study did not show any correlation between aesthetic impression and intrusiveness
of the design.

4.

Conclusion

9.

The value of good packaging design is recognized in
marketing. After all packaging design is applied art and
the volume of sales is real indicator of design quality.
PET packaging offers diverse possibilities for communication on relation manufacturer-consumer. Tools for
communication such as bottle shape must be utilized
to the maximum of their potential in order to produce
best PET packaging possible. Hedonistic appreciation,
form arrangement and elegance has greatest correlation with aesthetic impression so it can be concluded
that in design process these elements must be handled
with special attention. Relation between intrusiveness
of the design and recognisability are closely related
but relation between intrusiveness and aesthetic impression should be studied more carefully in order to
prevent negative effects. This paper examined some of
the subjective judgment criteria’s and it does not mean
that other elements of the design deserve less attention.
Functionality and ergonomics deserves special attention with more objective judgment methods and, than,
those results can be compared to subjective judgment
obtained in this research.
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Abstract:
This paper evaluates common web browsers graphics rendering system performance by using SVG on Windows
platform. Performance was measured using two extreme case applications: application which generates simple SVG
objects (called “simple application”) and application which generates complex SVG objects (called “complex application”) based on random data often used for science purposes. Both simple and complex applications were hosted
on local web server. Performance tests were performed using dedicated chamber environment.
Key words: SVG, Web browser, performance, graphics

Introduction
World Wide Web first appeared about two decades ago
as a medium used to render plain HTML documents
that were stored on a specially configured PC machines
called web servers running same named software. The
client-server transfers were performed using Hyper
Text Transfer Protocol (HTTP) (Apte et al., 2002).
About twenty years later World Wide Web evolved to
serve as a global data sharing space for large number of
users. There are now about 1.9 billion users worldwide
(Miniwattz marketing group [Online], 2012) and it is
First received: 30.03.2012.
Accepted: 30.05.2012.

supporting technologies to advance rapidly. The ubiquity of the client and easy accessibility to other data
sources make the Web a very attractive means of information sharing (Kim et al., 2012).
Scalable Vector Graphics (SVG) is a language for describing two-dimensional graphics in XML (W3C,
2012). The SVG format is a new XML grammar for
defining scalable vector-based 2D graphics for the
Web and other applications and usable as an XML
Namespace (Peng, 2000). SVG allows for three types
of graphic objects: vector graphic shapes (e.g., paths
consisting of straight lines and curves), images and
text. Graphical objects can be grouped, styled, transformed and composited into previously rendered ob-
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jects. The feature set includes nested transformations,
clipping paths, alpha masks, filter effects and template
objects (W3C, 2012).
SVG documents inside are pure XML and can be created by hand or can be easily generated by some kind of
server- or client side technology. Most commonly used
graphic formats today used in web are pixel based (bitmap) and during zoom operations their picture quality
drops. That is absent in case of SVG.

Related work and motivation
Similar research was performed by Moreno and de Olivera, 2008 who measured CPU and memory utilization
and response time of a web application. They tested the
application using simple and complex SVG graphics.
The tests were performed in 2008 but its shortage is
that very old browsers were used for testing. Internet
Explorer 6 was released in 2001, Firefox 1.5 was released in 2005 and Opera 9.02 was released in 2006.
(Release Histories for all Major Browsers [Online],
2012) That is quite a big age difference. The tests performed in this paper were performed using latest web
browsers versions.
Also, there is a trend of SVG usage in modern printing
technologies – Web-To-Print also known as Web2Print
or remote publishing is a commercial prepress process
that bridges the gap between digital content online and
commercial print production. This process allows a
print house, a client, and possibly a graphic designer
to create, edit, and approve computer-based online
templates during the prepress phase. This process increasingly calls for a Portable Document Format (PDF)
workflow environment with output provided by digital
printing; although there is certainly no requirement that
fulfillment be accomplished using digital production
equipment; Web-to-print is also used today by printers
with both offset and digital production facilities. WebTo-Print software solutions often use SVG technology
and thereby allow customer to make changes or even
create printing job from scratch. These facts served as
motivation for the tests performed in this paper.

Table 1. Experimental environment
Hardware used
CPU

Intel Pentium 2.5GHz

Memory

3GB DDR2 1066MHz

OS

Microsoft Windows XP SP3 5.1

GFX

nVidia GTX560Ti 1024MB GDDR5

For the purpose of this experiment two applications
were created. Both applications prevented browser
caching using meta data. First (called “simple”) was
named circle and it had a task to create simple red circle
using SVG, as presented in Figure 1.

Figure 1. Circle application sample
Other application (called “complex”) got name plot and
represents application which generates random data
plots, as presented in Figure 2.

Experiment and experimental environment
Experiments were taken using latest web browsers:
Google Chrome 18.0, Mozilla Firefox 12.0, Opera
11.64 and Apple Safari 5.1.7. All browsers operated
with caching option disabled and in private/incognito
mode where available. Table 1 presents experimental
environment.
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Figure 2. Plot application samples
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There were four tasks (cases) where each application
generated different number of objects (circles or plots).
These tasks are presented in Table 2:

have been performed on the operating system running
only 4 mentioned web browsers and no antivirus, firewall or any other non-system services running or installed.

Table 2. Four application tasks
Task

No of objects generated

1

50

2

250

3

500

4

750

Results and Discussion
Simple application results and bottleneck analysis
Results gathered from simple application (Figure 1)
tests shall be reviewed in the first place. Figure 4 shows
total test completion time for each web browser. It is
visible that all browsers except Opera achieved equally
matched times. Figure 5 shows that Google Chrome
and Apple Safari present almost the same curve slope,
while Mozilla Firefox gave smallest curve slope. Opera tests on the other hand returned the worst results
as presented in Figure 4. These results tell that Opera
graphics rendering system is least optimized for simple
SVG requests and web developers should have that fact
in mind during application development. Apple Safari
on the other hand returned best results of all. Figures 6
to 9 present actual test completion times for each web
browser for all 30 samples made. Opera case presents
relatively balanced curves but long completion time
relative to other browsers.

Each web browser has been tested to perform all four
tasks. For each task 30 tests (samples) have been performed. That means that each browser has been tested
120 times per application, 240 times for both applications. Time to perform each test has been measured using specially made chamber application. The chamber
application initiates test application loading and measures the time until test application page load completion, which is described in Figure 3.

Total test time per browser (simple)
20

16.602

Time [s]

15
10

9.520

5
Figure 3. Testing method

Chrome

9.554
8.118

Firefox
Opera
Safari

0

At the end resources bottleneck analysis shall be performed to see how good or bad each browser resource
management is. CPU bottlenecks, technology bottlenecks and page file usage shall be monitored. All tests

Figure 4. Total test time per browser (simple application).

Completion Time [s]

Average completion time against created objects
(simple)
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0.2
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Firefox

0.05

Opera

0
0

200
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800

Number Of Objects Created

Chrome completion times (simple)
0.300

Safari

Figure 5. Average test completion
time against number of created objects for each web browser (simple
application)
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Figure 6. Google Chrome test completion times (simple application)
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Figure 7. Mozilla Firefox test completion times (simple application)
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Figure 8. Opera test completion times (simple application)
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Safari completion times (simple)
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Figure 9. Safari test completion times (simple application)

neck analysis
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In case of complex application (Figure 2) total test
times gathered are similar to simple application case
(Figure 4) which is presented in Figure 10. Safari web
browser achieved slightly better results in comparison
to simple application results. Figure 11 shows slightly
different information than Figure 5 (average completion times for simple application). In this case Apple
Safari took the lead in category of speed. In Figure 5
Total test time (complex)
Google Chrome and Apple Safari curve slopes were
closely50
matched but in this case Chrome and Firefox
are now way behind Safari 40.99
in terms of speed. Figures
40present actual test completion times
12 to 15
for each
Chrome
web browser for all 30 samples made. These graphs are
30
21.24
Firefox
slightly different21.12
then ones connected to simple application. 20
Due to time scale balance is presentOpera
in a larger
11.14
scale, but in this case there is a difference
in browser
10 Apple Safari achieved best resultsSafari
behavior.
and curve
balance with no process lockups. Mozilla Firefox
0
achieved almost equally good curve balance but a bit

higher test completion time. Google Chrome achieved
test completion times as good as Mozilla Firefox but
curve oscillations were noticeable (frequent process
lockups were noticed).
Opera, at the end, achieved lowest score in terms of
test completion times but showed stability with no huge
curve oscillations. In terms of test completion times,
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Figure 13. Firefox test completion times (complex application)
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Safari completion times (complex)
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Figure 15. Safari test completion times (complex application)

No. of
objects

Chrome

Firefox

Opera

Safari

50

0

0

1

0

250

1

1

1

1

500

1

1

1

1

750

1

1

1

1

Table 3 presents CPU bottlenecks detected during tests
against number of objects generated per test. It is visible that all four web browsers cause CPU bottlenecks
for 250 and more objects generated. In case of 50 objects task only Opera generates short lasting CPU bottleneck which indicates that the browser spends more
CPU resources than others. CPU utilization levels were
not measured during this research.
Memory bottlenecks were not detected for complex nor
simple applications.
Table 4 presents page file values. These are operating
system level values gathered during each browser test.
In case of page file usage Opera web browser took this
minor victory over other browsers. Apple Safari took
second place and the other two browsers divide third
place (Figure 16)

No. of
objects

Chrome

Firefox

Opera

Safari

50

0.5

0.7

0.7

0.7

250

0.9

0.9

0.8

1

500

1.6

1.4

0.6

1

750

2

2

1

1.5

50
Completion time [min]

Table 3. CPU bottleneck appearance against number of
objects created per test

Table 4. Page file values [Gigabytes]

Both tests total completion time
41.26
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Figure 16. Average page file value during tests per
Average pagebrowser
file value (complex)

1.5the best browser
1.25shall be elected out of these
At the end
1.25
four. In terms of speed and performance (Figure 17)
1.05 levelChrome
Apple Safari shown best optimization
for SVG
1
tasks with only 11.28 minutes
required
to
complete
0.78
Firefox(both
both tests with total of 93000 objects created
simple and complex). Chrome and Firefox are
equally
Opera
matched0.5
at the end with 21.28 minutes and 21.40
minutes needed for mentioned number Safari
of objects
generated. Opera has poorest performance with little
over 40 minutes
needed for both tests completion.
0
Page file value [GB]

when Opera and Mozilla Firefox are compared, Moreno and de Olivera concluded the same thing: Opera
takes longer to generate SVG. In terms of CPU utilization the situation is opposite, Opera takes more of CPU
than Mozilla Firefox. This conclusion is based on CPU
bottleneck analysis.
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Conclusion
Most important thing users seek for today is speed. No
user likes to wait for its browser to perform a particular
operation. Software developers and web developers are
pressed by this problem as well. Every developer has to
optimize its application to behave equally good in any
environment (environment assumes operating system
or in this case browser). Also each software solution
should perform same tasks equally fast. This research
shown that the situation is good for some web browsers
and not that bright for others.
In case of graphics rendering system performance
Apple Safari is the most reliable solution with best results achieved during tests. If a person needs speed and
comfort during operations with SVG, Apple Safari web
browser presented its self as the best choice in terms
of speed, stability and resource consumption. Also one
should avoid Opera browser because of poor performance shown during tests.
On the other hand, software developers may look
things from a little different perspective. Namely, their
goal is to make application which shall behave equally
good in every browser but this research shows that it is
not simple task. Developers should pay more attention
to the application optimization for these problematic
browsers like Opera and try to achieve best possible
performance out of, evidently, not enough optimized
engine.
Results presented in this paper are also important for
Web-To-Print software developers because these systems rely heavily on browsers graphics rendering system to complete complex tasks presented before the
system.
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Abstract:
In the era of contemporary and rapid way of life and with advancing digital technology, the display of electronic
content on different types of portable devices becomes a part of everyday life. Whether it is on the screen of a Tablet PC, mobile phone or e-book reader, the font needs to be designed in such a way that the displayed message is
received and understood as easy and efficiently as possible.
When it comes to digital font, intended for display on screen, it is necessary to take into account the properties of
the output device and font size to be used. Since the text is intended for display on small screens (especially in case
of portable devices), the used font should be adapted to such conditions, namely, it should be designed so as to be
readable and legible even at small sizes and at different resolutions of the device.
The integral part of contemporary outline fonts are additional instructions on how rasterizer is to render letters at
lower resolutions and lower font sizes. These instructions are known as hints, or hint mechanisms, and the process
of defining these instructions is called hinting.
The aim of this paper is to provide a theoretical basis for understanding the issues of the display of small sizes fonts
on screen. The paper will also elaborate the hinting techniques with emphasis on TrueType hint mechanisms that are
most suitable for high-quality display on the output device screen, as well as some methods of automatic hinting.
Theoretical basis introduced here, represent foundation on which further exploration will lay on. It is important for
broadening the knowledge in the field of rasterization and automatic hinting but also for finding new solutions for
the simpler and better hinting.
Keywords: Font rasterization, TrueType hinting, Font scaling, Gridfitting, Outline font
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Introduction
The most basic categorization of digital fonts is into
bitmap fonts and outline (vector) fonts. Bitmap fonts
are described in a series of pixels that define the letter
character. Unlike bitmap fonts, which are used on older
computers and in the memory of older dot matrix printers, the advantage of vector fonts is that they can be
used on devices of different resolutions and in different
sizes, without having to design separate files for each
size and resolution. Whereas with bitmap font, a specially designed set of characters for each size and each
section was necessary, with vector font it is sufficient
to have one file for each style (regular, bold, italic, ...),
which can be used for any desired size.
Given that the output device screen is made up of many
elements (pixels) stored in a discrete rectangular grid,
each image (including letter characters) is represented
by a series of these elements. As for the vector fonts,
the form of the letter character (defined by the outline)
is filled with pixels of the monitor or raster printer dots.

Figure 1. Schematic representation of the outline font
(left) and the bitmap font (right)
Output devices must convert the outline record of the
letter characters into the bitmap in some way. A separate program, rasterizer, is in charge of that. Its task is
to calculate, using the coordinates of the outline, where
on the discrete grid of pixels the outline will be set and
which pixels will be included, in order to obtain as
faithful representation of the letter characters as possible. Since this grid is defined by the integer pixel values, with each change in the size of letter characters,
the real coordinates of the outline need to be rounded
up to integer values. This process is called grid fitting.
For example, if a dot on the outline has the coordinates
80 and 115, during the reduction of the letter sign 6
times, these coordinates change value to 13.3333 and
19.1666. After rounding to integers, the coordinates
will be 13 and 19 with errors 0.3333 and 0.1666. This
error increases proportionally with the reduction of the
outline.
In order to minimize errors while reducing the size of
letter characters, font rasterizers use special algorithms
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that correct the scaled outline in order to get better results on devices with low and medium resolution. To
enable this, the algorithms use the instructions built in
within the font during design. These instructions are
called hints (indications) or hint mechanisms. They
define the most important parts of the letter character,
such as the thickness of strokes, the position of the key
elements of the letter character, the proportion of letter
character, as well as the set of rules for modifying the
outline.
For a high-quality font that looks good when displayed
on the output device screen, even in smaller sizes, in
addition to having the well-defined outlines, it is also
necessary that the hint mechanisms are properly allocated. This process of defining hints is called hinting.

Hint mechanisms
Font formats can generally be divided into two groups:
Type1 and TrueType. Type1 font format (also known as
the PostScript font) has been developed by the Adobe
company and was popular in the publishing industry.
This format was developed primarily for applications
related to prepress and their final aplication is the use
on the printed material.
TrueType format, developed by the Apple company,
is primarily intended to equalize the representation
of characters on screen and paper, putting the emphasis on the screen display. The outlines which describe
the characters within the font are not sufficient for a
clear view on the high and low resolution output devices such as printers with the resolution of 300dpi and
screens with the resolution of 72 dpi or 96 dpi.
It was necessary to develop techniques for better placement of the outline record and its rasterization within
the network of pixels. These techniques have included
additional information in the form of rules which determined how certain parts of letter characters would
be displayed. These rules, called hints, refer to the
specific outline and the dots it consists of, defining the
width of certain parts of the letter characters, such as
base strokes, junctions, serifs, terminals, but also the
distance between these parts. The main role of the hints
would be to maintain the original characteristics of the
letter character, during its scaling and display on the
raster network of the output device.
Although both formats contain outlines described with
Bézier curves (Type1 with cubic Bézier curves, and
TrueType with quadratic Bézier curves), their hinting
styles are radically different.
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Type1 Hint mechanisms
Hinting Type1 fonts works as follows: the instructions
in the form of restrictions are defined, and they control
the basic features of the character (the thickness of the
horizontal and vertical strokes, serif, terminals, etc.).
Rasterizer fills the outline with the pixels of the grid,
using the instructions in rather restricted way. Hints
defined for Type1 fonts have quite limited control of
the letter character rasterization, because the designer
can control only the position and thickness of the letter
character, with no direct impact on individual pixels.

		
Figure 2. Schematic representation of the Type1 hints
of the letter “B” (left) and the display of Type1 hints
in the FontLab (right)
Also, the defined instructions for a certain size of the
letter character affects the other sizes, so it is not possible to control the rasterization of the letter character
for only one size. Hinting Type1 fonts includes a lot of
compromising on what the quality of the letter character is desirable and on what sizes this quality needs to
be preserved.
Given their inflexibility and limited manipulation of
pixels, Type1 hint mechanisms are not used for the
fonts to be displayed on the screen, because due to the
lower screen resolution, they require more precise control over the pixels.

TrueType fonts and their hint mechanisms allow for a
much more precise control over the pixels.

TrueType Hint mechanisms
Rasterizing TrueType fonts
As noted earlier, the TrueType font contains characters that are described by the outline, namely, by the
quadratic Bézier curve. Location of the dots that define
the outline are described in Font Units (FUnit). It is the
smallest unit of EM square. Em square is an imaginary
square which can fit a capital letter M with its descenders and ascenders. The letter character is placed in this
square, and the number of FUnits that take up the vertical side of the Em square is defined by the UPM (Units
per Em) value. For the TrueType fonts, this value is
2048 UPM. The grid, Em square is composed of, is
two-dimensional, and the coordinates x and y define
the movement in horizontal and vertical directions, respectively. One unit of this coordinate system is equal
to one FUnit. Each dot in this coordinate system has an
integer value.
When scaling, outline stored in the font file is scaled to
the requested size. The positions of the dots that make
up the outline are no longer described in FUnits, but
their coordinates are assigned value in pixels of the output device. After scaling, certain instructions (hints) defined in the font file are performed. This process is also
referred to as grid-fitting, and as a result it has adaptation of the original outline to the given pixel grid of the
output device, in order to better maintain the original
shape of the outline. Grid-fitting is followed by Scan
Conversion which is to determine which pixels will be
visible on a given output device, and which not.
Before being displayed on the output device, the character, or rather the position of dots that form its outline,
must be translated into the coordinate system of the
output device. The positions of dots, expressed in units
independent of the units of the output device, must be
converted to absolute units of a particular output device, and when it comes to screen, the unit is pixel.

Figure 3. Scan-conversion of
the outline. The coloured pixels are the ones that are covered by the outline in more
than 50%, i.e. the ones whose
center enters the space framed
by the character letter outline
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Convertion of the relative units of the Em square into
absolute units of the output device (pixels) is performed
by the following equation:

gramming languages is usually used for defining hints,
and it is possible to get satisfactory results with minimal knowledge of the coding.

pointSize * resolution / ( 72 points per inch * units_
(1)
per_em )
where pointSize represents the displayed size of the letter character on the output device, resolution means the
resolution of the output device, 72 point per inch is the
number of dots per inch.
For example, the height of a letter character is 500 FUnits on the 72 dpi screen, at the size of 12 pt. UPM
value is 2048. The size of this letter character in pixels
will be:
500*12*72/(72*2048)=2,93

(2)

The resolution of any output device, is expressed in the
number of dots or pixels per inch (dpi). Resolution on
the Windows platform is 96 dpi, the Macintosh platform 72 dpi, and in most laser printers 300 dpi.
The display of a letter character on a specific device
is expressed in pixels per em (ppem). The formula for
determining the resolution of the letter character on a
particular output device is as follows:
Ppem=pointSize*dpi/72

(3)

Where the point size is character size in points, defined
by a particular application of the output device, and dpi
is the resolution of the output device. So for the size of
12pt on the Windows platform ppem value will be:
Ppem=12pt*96dpi/72dpi=16ppem

(4)

At resolutions of 72 dpi, ppem value will always be the
same as the value in points.
TrueType instructions (hints)
TrueType programming language, in addition to the
description of the outline, also contains a collection
of instructions intended to define the ways in which
the outlines are to be adjusted to the pixel grid during
rasterization on a specific output device. These instructions are called hints.
TreuType hints directly control the shifting of points
and the transformation of their coordinates values from
the relative coordinate system of the Em square to the
absolute coordinate system of the output device. Hinting programs are written in a special programming
language, which makes them very flexible, but also
complex for direct programming. A set of higher pro-
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Figure 4. Schematic representation of the TrueType
hints of the letters “B” (left) and the display of the
TrueType hints in FontLab (right)
Hint mechanisms of the TrueType font file are defined
by three types of programs (instruction).
The first is the so-called global program (Font program)
- for all fonts and in all PPM sizes; the second is also
a global program (PPM program) - for one glyph at all
PPM values; and the third is local, or glyph (delta) program - which defines a glyph at a specific size of PPM.
Global program (Font program)
Font Program includes two operations over all the letters at all values of
 PPM.
The first operation is to determine the aligment zones.
They define the area (zone) in which are all the characters which have overshoots, through some of the main
vertical font metrics (cap-height, x height, baseline, ascender and descender). This is the case with rounded
characters such as “o” which due to the visual compensation exceeds the x-height in order to appear roughly
the same height as the letter “x”. However, in smaller
sizes and at lower resolutions, the visual compensation
of only few pixels can reach 50% or 100% of the letter character height, so under these circumstances it is
necessary to suppress the compensation and bring these
letter characters to the height of the other letter characters.
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The second procedure is to define the standard stem
widths. This is important because while adaptation of
the outline to the pixel grid (especially at small sizes
and resolutions), there may be inconsistencies in the
width of the strokes. Thus, two strokes of the same
width can have different values at some sizes . This
is especially conspicuous with the characters “n” and
“m”, where it is expected that all vertical strokes, on
small sizes also, remain the same.

Interpolation – define the position, between two other
points, and sets the relations among them.
Local, glif program (delta program)
These commands are specific for a particular glyph and
at the specific PPM size. These commands are called
delta instructions and are used for fine shifting of the
positions of pixels, so the result is turning on/off only
certain pixels. These instructions include Middle Delta
and Delta Final commands.
In FontLab Studio or in Microsoft Visual TrueType
(VTT) tool we use a small set of high-level hinting instructions that are automatically compiled to TrueType
instructions during font export. Because these instructions can be set and edited visually we call them visual TrueType hints or just visual hints. Visual hints are
enough to define TrueType hints even in very complex
situations and they are compiled in very compact and
effective TrueType instruction code (FontLab, 2006).
This way, the typo designer is able to define the TrueType instructions and at the end produce a well designed font, without detailed knowledge of the TrueType programming language.

Approaches to Automatic Hinting

Figure 5. Alignment Zones (left) and standard stems
widths (right)
Global program (PPM program)
This program contains several commands, and when
applying these, it has an effect on the appearance of
a letter character at all PPM values. These commands
include:
Align - Aligns (moves) the position of the outline point
to the designated position on the grid or to the edge of
the alignment zone.
Single Link - Sets the position of the point relative to
the position of another point. Distance can be linked
with one of the stem widths. Distances also may be
rounded or not.
Double Link - Sets the distance between two points to
an integer value that may be linked with a stem width
Interpolate Interpolates the position of a point between
two other points

The process of writing TrueType instructions is a very
time consuming process, especially when its about
family of 10 fonts for example. That will be about 2500
characters. Each has its own hinting program.
Mitigating factor in the manual mode of entering the
program code, are the tools for visual defining of the
hint, called Visual TrueType. Using these tools, TrueType code is generated, which can afterwards be edited. This code is compiled into a TrueType font file.
Given the amount of work behind the manual hinting of
fonts, automatic generation of the hints is a good starting point for further fine, manual adjustment of certain
characters.
In the field of automatic hinting of fonts there have
been some research with the aim to develop own tools
for hinting or presentation of certain models and algorithms of solving the problem of font rasterization.
One of the presented approaches describes the automatic recognition and describing the characteristics of
letter characters of a font, comparing it with the predefined model (R. D. Hersch and B.Claude, 1991).
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In this paper, the authors explain the approach where
they define the base consisting of all the alphanumeric
characters of Latin alphabet. These characters are hand
drawn and constructed with the most optimal number
of points necessary for making the outline. Hints are
also defined in these models.
The point is that the points that define the character of
the input font are compared to points of the outline of
the same character of the model font. The points being compared must have an approximately the same
position, or they are eliminated during the calculation.
When all the points are compared, the result is description of the outline of the input character in the form of
metadata.

Figure 6. Comparison of the outline points on a predefined model and the outline points of the font being
described
This description of the input font can later be used for
hinting, when the hints of a predefined model are transferred to the input font, after they have been adapted

to the compared and described outline. This approach
is applicable only to the serif and sans-serif fonts,
with simpler appearance and no needless ornaments.
Comparing 70 different fonts to their model, the success rate of outline recognition was 99%. In the 1%
the program reported that there were no characters that
match the model. The error occurred with fonts which
have slightly rounded vertical, horizontal and diagonal
strokes (Optima, Palatino, Zapf Book).
Slightly more advanced approach is described in u
(Zongker et al., 2000). This approach is also based on
comparison of models with the font that needs hinting.
Only here, unlike in (Hersch and Claude, 1991), instead of the hand-drawn model, professionally hinted
TrueType font is used. First are compared the points on
the outline of the model font and the target font in order
to find similarities between the two outlines, i.e. to find
matching pairs between them.

Figure 7. Comparison and matching the points of the
font outline in a template and the font for which the
description and automatic hinting needs to be set
Then the CVT table of the model font is used (which
contains descriptions of characteristic points), it is
copied and adjusted to the target font, and the changed
names and the value of positions of points are entered.

Figure 8. Scan-conversion of the outline. The coloured pixels are the ones that are covered by the outline in more
than 50%, i.e. the ones whose center enters the space framed by the character letter outline
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This being done, the appropriate hints can be copied
from the model font to the target font, with the adjusted
values of the points, of
 course.

character coincided with compared font), this model is
fully automated and is applicable to all forms of letters
(Asian, Hindu, ...).

Unlike the previous one, this approach is more automated and requires less time, because we do not need to
make models, but use ready-made professionaly hinted
fonts as templates. This approach was tested between
the fonts of the same family (Sylfaen Sans Bold from
Sylfaen Sans, Georgia from Georgia Bold, and Bold
Italic Georgia Italic from Georgia), but also between
different families of fonts (Bodoni, Calisto, Perpetua
and Revival - from Georgia). Better performance was
achieved when comparing fonts from the same family.
Based on the experience derived from previous studies of methods for automatic hinting and the perceived
shortcomings of these methods, another approach for
automatic font hinting is presented. This approach, in
contrast to previous ones, is completely automated and
it is based on identifying the parts of letter characters
that need hints to be defined. This involves collecting
global information on the font which is further associated with characters, defining a set of constraints,
sorting according to relevance and conversion into a
known hint programming language (PostScript, TrueType, VTT Talk, and others) (Shamir, 2000).
Namely, each hinting technique can be divided into the
following segments (Shamir, 2000):
Identification of hinting situations - recognizing the
characteristic features that need to be preserved in every of letter character when setting the outlines on the
raster grid (during gridfitting)
Handling of global sizes - determining the value of
global sizes, such as character height, the height of vertical and horizontal strokes. This can be defined by the
designer or by measuring and studying every character
and collecting the information obtained. The global size
serve to allow linking with the local hinting situation.
Prioritetizing - while defining hints, it can occur that
an instruction can not be executed until another one has
been defined, or that the existence of one instruction
negates the existence of another, so it is necessary to set
the logical sequence of instructions.
Translating - if some of the previous operations have
been defined by a different programming language,
they need to be translated into a low-level language of
the specific technology (TrueType, PostScript, etc.).
Unlike the previous approaches (Zongker et al., 2000)
and (Hersch and Claude, 1991), which were semiautomatic, and applicable only to the Roman fonts
(and if the topology, i.e. the shape, of the model letter

Figure 9. The result of automatic hinting using Constraint Based Approach for the fonts Courier (above)
and Times-Roman (below). What is noticeable is the
transition between 28 and 29pt in the example above
and between 13 and 14pt in the example below. This
is a much better solution than the one where these
differences are apparent between the characters of the
same size
In short, this approach involves the extraction of certain characteristic parts of the letter character (strokes,
serifs, junctions, curves, white,etc.), their analysis and
definition of the characteristic points and their limits,
then, the comparison and collection of these data for
each character, and eventually, linking this data with
the global sizes, defining hints and their conversion into
a known hint language.

Conclusion
The advantage of the automatic hinting is significantly
reduced time of hinting. In the manual process, a professional typographer needs about 20-40 hours to define hints for the font of 256 characters (Zongker et
al.,2000). However, if we want high-quality results in
the display on output device screen, in addition to automatic, it is necessary to also use the manual method of
hinting. In order to achieve this, it is of course necessary to be familiar with the processes described above,
but also with the opportunities that modern software
tools offer. So as not to make the typo designers go further into programming in the low-level programming
language (TrueType), there is the option to visually define the hint through some high-level languages, such
as VisualTrueType (VTT), by relating and limiting the
outline.
In a program such as FontLab Studio, these high-level
commands are available and it is allowed to graphically
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define hint using the appropriate tools. In this way, it is
generated a code that is compiled in the font file and
that can later be modified through the programming interface. TrueType language allows us to manually make
correction of automatic hinting, using the option such
as dropout control, which prevents the discontinuation
of the outline when viewed at small sizes. In addition to
this option, the TrueType also allows us to manipulate
specific pixels of the letter character, but at specific size
, which gives us greater control over the rasterization.
This is possible through the use of Delta hints.
All these techniques (automated and manual) merged
with the knowledge of anatomy of the letter and the
basis of digital typography, are requirement for a welldesigned font, which will be suitable for display on
screens of different devices such as portable Tablet
PCs, mobile phones, electronic book readers etc.
In this paper is shown some of the fundamental researhes in the field of automatic hinting. Understanding of
these fundamentals is a starting point in advance research of how automatic hinting can be perfected so
the end results will be close up, or equal to professional
manual-hinted font.
Further research can go in the direction of getting acquainted with the ways in which various portable devices perform rasterization of fonts, which technology
is used, what are their options and what hinting techniques work best on them.
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