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ABSTRACT

This thesis is concerned with inverse halftoning of scanned colour halftone images
Different aspects of the problem are treated thoroughly and the difficulties are
pointed out. Halftones, and especially colour halftones, are analysed in the Fourie
domain.

A method to perform inverse halftoning of colour halftone images is proposed
and implemented in Matlab. The resulting image quality is good and the method
may very well be fully automized in the future.

The thesis gives an introduction to the concept of inverse halftoning and could
serve as a base for future development of educational material on the topic.
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INTRODUCTION

Photographs, and many computer generated images, are No official reports have yet been published on
of continuous tone; the colour tone or gray level variesnverse halftoning of printedolourimages. Besides the
in a continuous manner. Most of the current printingproblem of monochrome inverse halftoning, this may
devices are not capable of directly reproducing this conadd the task ofeseparatingthe printing process col-
tinuous tone. They can only produce binary outputsours. Also, when working with images that has been
Therefore the process of halftoning—also known aprinted, a phenomenon callddt gainis introduced. In
screening—is used. The image is thereby convertddis field the Image Processing Laboratory (IPL) at
into one or several binary images, usually consisting oLinkdping University has done research earlier, and
small dots, which then can be printed. The process dhese concepts may now be reused.

halftoning is information lossy and highly non-linear.  The target input image is a printed colour halftone
Because of this, there is no simple way of inverting thenage from a newspaper or similar. The work has been
process. This work concerns how to make good recomtone with the issue to handteal printed halftone
structions of scanned colour halftone images, back tamages, which are very noisy, andt only halftone test
continuous tone images. images that never have left the computer.

11 BACKGROUND 1.2 METHOD OF WORK

The past few years much research has been madeThe first part of the project was devoted to literature
order to perform inverse halftoning—or descreening—studies on inverse halftoning. | decided that the model in
of monochrome images. Different ways has been prdigure 1.1 would be a good approach to solve the prob-
posed (see chapter 3, “Methods for Inverse Halftonlem. It later proved that the reseparation process was
ing”), but perhaps the most successful work has beemardest to handle, and | later modified the model to per-
done by Sgren Forchhammer et al. at Denmark Technfierm inverse halftoning directly on the scanned RGB
cal University. Their knowledge has been shared withmage. Different methods for inverse halftoning were
Eskofot DGS, who has developed a commercial systeronstantly applied to printed test images, and evaluated.
for inverse halftoning, called EskoDDS.

/' Scanning Inverse
i Channel .
Halftone image > dot gain addition
4 gray level images >
\ 4 gray level images

) 4 binary images
Reseparation Inverse ( {

halftoning &,

Figure 1.1  Proposed model for inverse halftoning of scanned colour images.
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2 CHAPTER 1. INTRODUCTION

The main issue during this project has beentoget.4  ABOUT THE IMAGE REPRODUCTION
the subjectively best possible output image —rather

than, for example, the best possible signal to noise ratia-,0 visualize the continuous tone images, a dye diffusion

compared to the original image. It is important toprinter or something similar would be necessary. In this

remember that the target is to construct a continuou%ocurgem tdhe _cc;}ntn;luous tone |mat?es will Ilnf]telid be
tone image, which is percepted by the eye as similar égpro uced with a fine screen. The actual halftone

possible to the halftone image. Not to actually achievéma_ges_wr']” Ee haIftor}gd with a more coarse screen to
the original continuous tone image. The original imag<=5j'5tm€"wS them (see figure 1.2).

is typically not available, and we thus do not know when
our reconstruction looks similar to it. It is really the
halftone image andot the original image we should

compare our reconstruction to. - m

1.3 OUTLINE

To read this thesis from start to finnish will probably be
guite exhausting. But, depending on the reader’s prior a b
knowledge about inverse halftoning, and the reader’Bigure 1.2  Examples of images. One continuous tone image

purpose with his reading, some chapters may b & reproduced with a fine screen) and one binary halftone
skipped image (b, halftoned with 40 Ipi).

Chapter 2explains the basics of traditional halfton- g .o /se this report is printed in only one colour, the

in.g.'The S\,NEdiSh regder may .find it usgful to I(?Ok at_th%rocess colours have to be reproduced as different gray
dictionary inappendix Csometimes, while reading this levels. The actual colour of the object will also be

chapter. ] ) marked with a letter, as in figure 1.3.
Chapter 3is supposed to give the reader some

knowledge about the previous research made on inverse w r g
halftoning. One particular method is more thoroughly
described irchapter 4 This chapter can be quite hard
for the inexperienced reader, and is not essential for the
final results of this report. For further research in this
field, however, the method described here is very inter-
esting. The same statement applieshapter 6 which
treats the concept of dot gain.

c m y k

Some of my own work is reflected whapter 5 , -

L . L . Figure 1.3  The base colours of the common printing
which is an investigation over the behaviour of halftoneﬁrocesses_ White, red, green, blue, cyan, magenta, yellow, and
in the Fourier domain. This chapter is essential for thgjack (which is represented by the letter “k”).

understanding of the proposed method, described in
chapter 8
Chapter 7holds a brief introduction to colour sci- 1.5 ~ ACKNOWLEDGMENTS
ence, ano! s after that.d.evoted to my attempts to perfor'Imwould like to thank Anders Gustafsson, author of
reseparation of the printing colours.
The work is summarized iohapter 9 which also
contains some suggestions for further work.
Reference images and some Matlab code ar
included inappendices AndB, respectivelyAppendix
D contains the used literature sources.

[AG96], for lots of valuable comments on this thesis,
and for many interesting discussions. | would also like
to thank the rest of the staff in ti@&raphic Arts and
Fmage Processing Groufwvhich is a subdivision of the
Image Processing Laboratory), for support and a
friendly atmosphere.



BASICCONCEPTS

Graphical production is a large commercial field, with Common for all these devices is the fact that each
lots of notions and advanced technology. To understangrinting colour can only be printed binary. Either a spot
the difficulties in, and the need for, inverse halftoning, iis covered with ink, or it is not. There are no in-
is important to be familiar with some of these notionsbetweens.
This chapter provides the basic concepts of printing, The offset and gravure printing plates are usually
producing, and scanning halftone images. made from (positive or negativpjinting films created
by animagesetterThe setter can be described as an
advanced high resolution printer.
2.1 THE PRINTING PROCESS

To transfer a document or an image from a computer t 2
paper, a printer or a press is needed. Since printers aré
used only for small amount editions, they will not beAs exemplified in the previous section, most printing
considered here. There are three dominant press typekvices are not capable of reproducing continuous tone

WHY HALFTONES?

offset(lithography) letterpress(flexography), andjra-  images. Rather the device has a set of process colours,
vure. The three technologies require different types ofisually one or four, which can only be printed binary.
printing plates To simulate the continuous tone, halftones are used. If

The classical letterpress uses mirrored printinghis is done in an appropriate way, the eyes of the viewer
plates, where the areas that are supposed to be covesr@ fooled to see the desired continuous tone colour.
with ink are raised from the surface of the plate. GraThus halftoning is the process of approximating real-val-
vure also use mirrored printing plates, but here the aread pixels by binary pixels.
to be printed are depressed from the surrounding plate For each process colour one binary halftone image,
surface, leaving thin channels to be filled with ink. Thecalledprinting separationis generated from the origi-
offset press uses non-mirrored plates, where the areaal image. Then the separations are printed on top of
that are supposed to be covered with ink, are neithexach other. In this way different colours in the original
raised, nor depressed from plate surface. Instead thmage can be simulated.
printing plate has two chemically different surface
types—one water repellent, and one not. The term “off- About the Terminology

set”is derived from the fact that the printing plate ransiy current literature there is a slight confusion of notions

fers the ink to an intermediate rubber cylinder, Whicrbetween the wordsithering screeningandhalftoning

then transfer_s t.he ink on.to the paper. Tf_us IS also. V\,'hgome authors treat them as equals, while others give the
th,e offset prlntmg plate-|s madg non—mlrrored—|t.|swords slightly different meanings. In this thesis the
m|rrored on the intermediate cylinder. The_rubper cyl|n—WordS have the following meanings:
der gives several advantages. The running life of the
plate is increased, for example. For illustrations of how °
the different press types works, please refer to other lit-
erature, for example [Wed95]. * Halftone or halftone image-an image which

has been produced by the halftoning process.

Halftoning—the process of approximating
real-valued pixels by binary pixels.



CHAPTER 2.

Screen—the actual regular pattern of small dots,
which constitute the halftone image.

Inverse halftoning—the process of reconstruct-
ing the continuous tone image from its halftone

BAasic CONCEPTS

This thesis is concerned with the first two classes, where
the halftone dots are ordered in regular patterns. These
are currently the most common methods for paper pro-
duction halftoning, and are based on the traditional pho-

tographic halftoning methods. They are expected to be
dominant in large edition printing (such as newspa-
pers), for several years yet.

image. Since halftoning is information lossy,
this reconstruction has to be an approximation.

< Dithering and screening-are not used in this

thesis. )
Clustered Dot and Dispersed Dot

| would like to point out that the concephalftone
imagein English andhalvtonsbildin Swedish doerot

The first two method classes could each be divided into
) ) . two subclasses: halftoning withiustered doanddis-
mean the samg thing. Halftqne Image 1S tran§lated tIS)ersed dotsee figure 2.2). Both dot types are created by
“rasterbild”, while “halvtonsbild” means a continuous several very small micro dots (figure 2.3).

tone image. Why this is the case, | do not know. The dispersed dot preserves edges and high fre-
quency textures well. Halftoning with dispersed dot is
rarely used in paper printing, but is sometimes used in
monochrome digital displays. The reason why the dis-
persed dot is not used when printing on paper, is the dif-
ficulty of preserving the shape of the micro dots. This
difficulty becomes very visible in figure 2.2. The image
at the bottom is generally too dark, and shows a gray
level step at about 50 percent gray (that is: in the middle
of the image). For darker tones than this there are no
unprinted micro dots next to each other, and because
they are surrounded by ink, the unprinted micro dots do
not appear light enough. This is why the clustered dot is
the traditional solution. With a larger clustered dot, the
relative deformation effect of the dot shape, is reduced.

2.3

There are four main classes of halftoning methods:

METHODS FOR HALFTONING

1. Halftones constructed of symmetrical dots
ordered in regular patterns. This is usually the
case folook-up table(LUT) halftoning

2. Halftones constructed of non-symmetrical dots
ordered in regular patterns. This is the case for
threshold halftoning

3. Halftones constructed of symmetrical dots in
non-regular patterns. This is the caseffer
quency modulated halftonif{§M) such agrror
diffusion

4. The fourth class is nhon-symmetrical dots in
non-regular patterns. No well-known halftoning
method uses this hybrid technique.

The first two classes are good at reproducing smooth
areas with slowly varying colours. The third class is bet-
ter for detail sharpness. In paper printing, the class two _
halftones are dominant, while class three is domlr“""Bigure 2.2 One clustered dot halftone (uppermost), and one

when halftoning for a computer display. The graphicgispersed dot halftone, both at the same screen frequency.
industry is struggling to find good ways to go towardsThreshold matrices according to [Ulich87].

class three halftone also in paper printing. This demands _ _ .
better accuracy in several steps of the printing process One of the main advantages of the dispersed dot is that
the screen pattern becomes less visible. As mentioned

earlier the disadvantage is that when the microdots are
made as small as desired their shape is damaged in the

printing process.

Figure 2.1  Class 2 (left) and class 3 (right) halftoning. The
right image may appear darker due to dot gain (see section
2.4).

E Micro dots

Figure 2.3  The halftone dot is built by micro dots in the
screen cell. To the left: clustered dot, and to the right: dispersed
dot. Both at 52% gray.



2.3 METHODS FORHALFTONING 5

As this thesis is concerned wigininted images it will  words: the inverse of the screen vector length measured
from now on only focus on clustered dot halftoning. Letin inches. In figure 2.4 the screen angle is about 70

us begin by studying the available parameters for con-
trolling the halftoning process.

Frequency and Angle

see .

Each halftone dot belongs tosareen cell The two 20 Ipi, 0 20 Ipi, 45 40 Ipi, 0 40 Ipi, 45
(commercially) existing cell shapes are rectangula[:igure 2.5 The effects of the screen angle and frequency in
cells and hexagonal cells. Of these two the rectangular3p gray image.

one is the most common, and is focused on in this the-

sis. The shape of the cells is completely defined by thrd@ monochromatic printing the screen angle usually is
parameter vectors. Twecreen vectorand oneoffset set to 45, since this angle has proved to hide the screen
vectot If the cell shape is rectangular the two screemost effectively. When more than one process colour is
vectors will be at right angles. If these two vectors alstised, each halftone image has to use an angle that differ
are of the same length, the screen cell will be a squara@s much as possible from the screen angles of the other
Square screen cells are the most common ones, whealours. Otherwise the moire effect will produce arte-
halftone images are produced. But in the printing anéacts in the printed image. This will be more carefully
scanning processes, skew and quantization error mighiscussed in section 2.5.

be introduced. The screen frequency parameter is chosen according
to printing technique and paper quality. For daily news-
papers and ordinary laser printing devices, 60 tolii33

is commonly used. For magazines 120 to R0Gs the
standard. With modern printing techniques, it is possible
to print with as much as above 40, but this is very
rare.

LUT and Threshold Halftoning

The LUT halftoning is probably the simplest method to
understand. For every real-valued pixel, a look-up table
gives the design of the corresponding screen cell. If a
larger table is acceptable, the design of the screen cell
may depend on several adjacent real-valued pixels. This
gives a better halftone image, but a slower processing
time.

: Threshold screening is the dominant method for
Figure 2.4  Enlargement of a halftone image. Some of the paper halftoning. The design of the screen cells is deter-
white screen cells are dotted, while some of the black screen mined from a threshold function, with the continuous
cells are dashed. tone image as input.

As seen in figure 2.4 there are actually two grids of h(xy) = T[f(xY), c(xY)] [EQ 2.1]
screen cells. One with black dots in the centre, and one
with white dots. These are usually referred to as black a, ifu=v

; : Tluv = [EQ2.2]
screen cells and white screen cells, respectively. Note , else

that the two cell grids are out of phase. It is more natural

to talk about black screen cells (dots) in highlightedn equation 2.1¢ is the continuous tone imagdejs the

areas and white cells (dots) in shadowed areas. THénary halftone image, anfdis a reference function.

arrows in the figure are the screen vectors in two cellsl his function is often implemented asttareshold

As they are at right angles and of equal length, th&atrix. An illustration of threshold halftoning process is

screen cells are squares. shown in figure 2.6. Note that the centres of the halftone
When the cell shape is square, the screen vectof®ts are not necessarily at the same position as the peaks

usually are replaced by the notisseen anglandfre-  of the reference function. They depend rather of the

quency The first parameter is measured in degrees arni@cal gradient of the image function.

the second irpi (lines per inch). This means the A practical example of threshold halftoning is shown

number of screen cells that are held in one inch of thi figure 2.4. If LUT had been used, the dot shapes

image, in the screen vector direction—or in othewould have been more symmetrical.



6 CHAPTER 2. BAasic CONCEPTS

Relations between Frequency and Resolution

Reference function ; it ;
15 / Continuous The number of available gray levels when printing with
~ ~ A tone image a certain screen frequency, is depending on the resolu-
c(x) y tion of the printer or the setter. The resolution is meas-
0 ; Ly v VAR ured indpi (dots per inch), which should not be mixed
; ; - ' - : ; x up withlpi, mentioned earlier.
1 : The resolution gives the number of positions in the
h 1 screen cell threshold matrix. The maximum number of
®) gray levels is:
0
Halftone dots—" _ (Number of dpit [EQ2.3]
Figure 2.6 One-dimensional illustration of threshold [Number of Ipi]
halftoning.

which is the number of micro dots in the screen cell plus

Both methods can either use clustered, or dispersét'®:
halftone dots in the screen cells. The design of the Due to quantization error, the actual number in equa-

look-up table or the threshold function determ|ne§'0n 2.3 can be less for some screen angels. The function

which kind of halftone dot will be used. above is plotted in figure 2.8. When studying this graph,
one should keep in mind that the PostScript language

does not handle more than 256 levels of gray. When

_ increasing the screen frequency, the number of printa-
The design of the look-up table, or the threshold funcp|e (ones is strongly reduced. When the reduction of

tion also defines the dot shape of the clustered halftong e jevels becomes visible to the eye, as steps in

dot. The usual shapes amrind, elliptical, square and  gmooth areas, the phenomenon is cafiesterization
line dots. Also combinations of these are used, so callefl;strated in figure 2.9.

transformingdot shapes. Which shape yielding the best

result varies, depending on the characteristics of the pic-
ture. In general the transforming elliptical dot is consid-

ered the best. When the screen frequency is high, it is
hard for the eye to discern which dot shape has been
used. This is a desired property, since the intention (in
most cases) is that the actual halftone dots should not be“’
seen at all.

Dot Shape

450

3500 -,
300

250

. 1200 dp

200

Transforming Round (euclidian):

- v w_w
B0 s ® @ ¢ o o o o
e o 0o 060000 l..oooo.
e o 0o 0 0 0. 0.0 & N N N N * -
e o 0o 00000 l..ooooo--
[ ] o .
L]

150

No. of Gray lev

100
~

600 dpi

OO R 800 0 ¢ ¢ o
e o 0000080 l...::0.0 sor 300dpi -

Owﬁ R 77777:

100 120 140 160 180 200

Transforming Square (diamond): 60 80

Lines per Inch

Figure 2.8  The relation between dpi, Ipi, and the number of
gray levels. One hundred gray levels, or more, is desirable in
high quality printing.

The eye is normally able to distinguish about 64 gray
levels, if they are apportioned over the whole light-to-
dark range. Due to disturbances in the printing process
at least 100 gray levels are necessary for good results.

Line: This means that when printing on a 600 dpi laser printer,
no more than 60 Ipi should be used, for full colour
range. On the other hand; a coarser screen is more visi-

s\\ ble to the eye, so the choice of screen frequency has to
Figure 2.7  Four different dot shapes at the same screen be a trade-off between these two aspects.

frequency (10 Ipi) and angle (95



2.4 Dot GAIN 7

Figure 2.10 lllustration of optical dot gain. Due to the
frequency limitation of the eye, phantom gray areas appears in
the white areas between the squares.

Figure 2.9  Original image (left) and posterized version
(right).

('ere other type of optical dot gain is caused by the light
scattering which occurs due reflecting properties of the
Daper. Only about 5% of the incoming light is directly
feflected by the paper. The rest of the light scatters and

There is also a relation between the desired number
Ipi and the required number gpi (samples per inch) of

the digital (scanned) version of the continuous ton
image. To preserve edges and image details more th
one continuous tone sample is required per halftone ce
The usual recommendation is at least four samples. This

results in the following relation between the two quanti-
fios: g g 2.5 COLOUR SEPARATION

n
F\ter emerges through top and bottom surfaces.

When colour tones are to be reproduced, usually a
number of basis colours are used. For example, the pic-
The reason why the number only is doubled, and natire on a TV screen is formed by dots of the basis col-
quadrupled, is that when measuring the number of sarsursred, green andblue. When all the three colours are
ples per area unit, both sides of equation 2.4 will be@resent, white colour is percepted, and when none of
squared. them are present, black is percepted. This is callieli+

tive colour mixing and is illustrated in figure 2.11. The

spectral distributions of the lights are added.

Number of spk 2 [(Number of Ipi [EQ2.4]

2.4 Dot GAIN

As mentioned earlier, the shape of the halftone dots are
slightly deformed in the printing process. Usually the
dots is percepted a bit larger, which, if not accounted
for, yields a darker image. The phenomenon is called
dot gain, and the dot gain can be separated into two dif-
ferent types.

Mechanical Dot Gain

Themechanical dot gaims a physical enlargement of
the halftone dot during the printing process. The term
physical dot gairis also used. The growth is the result_.

. . . . Figure 2.11 Additive colour mixing.
of several interacting factors. For example, the viscosity

of the ink, or the adjustment of the pressure from thejnlike the TV, a piece of paper does not add energy to

impression cylinder of the press. the illuminating light. The printed colours then could be
seen as filters which absorb some of the incoming light
Optical Dot Gain before reflecting it. The more colours printed on the

There are two types aiptical dot gain One type occurs Same spot, the more filters will subtract energy at certain
in the human visual system, and is dependent of the frétavelengths from the illumination. This is calledo-
eye are in fact what makes halftones work, as simulation In subtractive colour applications, the basis colours

of continuous tone images. Other aspects of the limitstyan(C), magentaM), andyellow (Y), are usually used.
tions yields unwanted effects (see figure 2.10). When all the three colours are present, most of the light

is absorbed and black is percepted.



8 CHAPTER 2. BAasic CONCEPTS

W He = 1.0-R
Y On = 1.0-G
0 [EQ 2.6]
Oy = 1.0-B
gk = min(c m y

In the PostScript case the definitiond @R andBG are
device dependent. When the colour mode conversion is
done manually by for example the Adobe PhotoShop

c software, the function definitions for these two functions
are affectable. This gives a great deal of freedom for the
user, but it is also a large source of errors, since the col-

Figure 2.12 Subtractive colour mixing. ours of the printed image could look different than
desired.

When printing colour images, four colours are usually

used. The three basis colours abo@MY(), and pure Halftones of Colour Images

blackmk. (K). The reason for using black, despite theWhen the continuous tone CMYK image is to be printed
fact that it can be produced b.y the other three colours, ftshas to be halftoned. The four colour channels are then
practlcc?ll. There are thr.ee main reasons: _ separated from each other and individually halftoned.
* Itis cheaper to print large black areas with black ¢ avoid moire effects (or better: to reduce them) the
ink than with both cyan, magenta, and yellow  foyr halftones use different screen angles. The darkest

ink. colour (black) is thereby placed at the “best” angle,
* There is a large risk that small black texts etc. which is 45. The other colours are then traditionally
will be a bit blurred if printed in three colours, located at 75 (cyan), 18 (magenta) and°0(yellow).
due to misregistration between the printing The angles for cyan and magenta is sometimes
plates of the three process colours. switched. When halftoning is performed on a computer,
« Introducing the fourth colour, the shadowed these angles does not work optimally due to quantiza-
areas of images can be printed with more colour tion effects. The angles, as well as the screen frequen-
depth, and a richer blackness. cies, in some cases have to be slightly mutually adjusted
to prevent the moire. The moire effect is illustrated in
CMYK and RGB Colour Modes figure 2.13.
When a colour image is scanned and processed in a . Tt 11
computerRGBmode is usually used. The standard for- _ ;;‘.‘{%‘;ﬁiﬁ

mat for this is 24 bits—eight for each colour. This sofsisadiise

means that the level of each colour can be adjusted in ’ Y

256 steps. When such an image is to be reproducedrigure 2.13 The moire effect yields unwanted patterns.

has to be converted to (32 biBMYK mode. The trans-

formation is device dependent. Several choices have ¥yhen the four halftone screens are correctly adjusted,
be made. The PostScript language defines the standdfg only moire effects left are smadisetteswith open

transformation as follows: centres (see figure 2.14). That is: there is no halftone dot
of any colour in the centre of the rosette. This gives a
0C = min(1.0, max0.0, c— UCR( K)) robustness, because it resists colour shifts in the image
EIVI - min(1.0, max0.0, m— UCR R)) even when slight misregistration occurs.
- o EQ25
Uy = min1.0, max0.0, y—UCR(R)) 2 — - - W -
HK = min(1.0, max0.0, BG(K))) . q . . | .
BG(k) andUCR(k)are invocations of thBlack colour . | |

GenerationandUnder Colour Removalunctions | '. . | . ‘
respectively. They decide how the pure black colour is : . | '
_ S,
to be used, compqred to the other three printing c?olours. .,— o . =5
The temporary variables m, y, andk are defined as: Figure 2.14 Enlargement of a halftone colour image showing
a slightly distorted rosette. Process colours are simulated by
grays.



2.6 THE COLOUR SCANNING PROCESS 9

2.6 THE COLOUR SCANNING PROCESS « When converting offset printing plates to gra-
vure plates.

To achieve an image that is mathematically com-
parable to the original image, when measuring
SNR or RMS of printed images.

There are two main methods for image scannphgto
multiplicator tube(PMT) andcharge-coupled devices
(CCD). Both transforms light levels to continuously var-
ying levels of voltage, which are sampled through an
A/D-device. For flatbed Scanning devices, CCD s USGQNhen traditional image processing' such as Sharpening
This technique is described more thoroughly below.  and tone control, is adapted to an already halftoned
image, the result is often poor and unpredictable. Also,
Charge-Coupled Devices when a halftone image is scanned and then reproduced
Flatbed scanners are provided with a linear cCcDonce more, moire effects and colour shifts are likely to
matrix with thousands of CCD-elements on a single sili@Ppear. Therefore it is desirable to reconstruct an image
con chip. To distinguish colours, each CCD-element i¥hich is similar to the original continuous tone image.
provided with one out of three different colour filters. AS mentioned earlier an exact inverse to the halftoning

One filter type each for red, green, and blue. The inconRrOCess is not possible. The task is thus to reconstruct

the elements. The analogous charge is systematicalfigh as pgssible. _ _
verters where the signal is sampled to digital RGB formNe€r optics, or to digitally low pass filter the halftone

A good introduction to the scanning process is given ifmage, to smear the halftone dots over the whole screen
[Agfa94]. cell. The second of these methods is often performed by

using a gauss kernel, to avoid artefacts from the kernel
shape in the resulting continuous tone image. This
2.7 \WHY INVERSE HALETONING ? works well on images with low frequency contents, but
) ) ] makes details unsharp. Lots of different methods have
There are several situations, where there is need f@fyqp, proposed to solve this problem (see chapter 3,

inverse halftoning: “Methods for Inverse Halftoning”). However, none of
* When an already halftoned and printed image is these reports deals with colour images—and this is the
to be used in digital publishing systems. motive for this thesis.

» For data compression of scanned halftone
images. 1. SNR is short fosignal to noise ratipand RMS is short for
root mean square erroBoth are distortion measures.
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BAasic CONCEPTS



METHODS FOR
INVERSHHALFTONING

This chapter summarizes the different approaches for Non-linear Methods

inverse halftoning found in the current literature. NO o methods that are not linear are characterizedoas
one has to my knowledge published any reports Ofjyear methodsThese methods could for example uti-

inverse halftoning of colour images, so the methodg;e neyral networks, statistical methods, or advanced
below treat gray level images. parameter estimation.

Orthographic Methods
3.1 INVERSE HALFTONING INVOLVES Low grap

PAssS FILTERING A halftone image i®rthographicif the coordinates in
the halftone directly corresponds to exact coordinates in
Since traditional threshold halftoning includes a threshthe original continuous tone image. This means that the
old operation, it will add high frequency energy to thenalftone image has not been rotated, scaled, skewed, or
image. The inverse process then must have some kind @posed to noise. It implies that the halftone image
low pass filtering effect. The halftone dots have to bQ]ever has left the Computer_otherwise these proper-
smeared out over the area around them. The proceggs can not be fulfilled. A method for inverse halftoning
can be made in several linear or non-linear ways, but th@at requires orthographic input images is said to be an
fact remains—inverse halftoning involves some kind ofprthographic methodBecause of this, no orthographic
low pass filtering. Thus, we are bound to loose informamethods can be used within the scope of this thesis,
tion from the original image if it is not frequency lim- since the target input image is printed and then scanned.
ited. More or less all orthographic methods are also non-
linear. If they were linear, there probably would not be
any need for orthographic input. The orthographic meth-
3.2 CLASSIFICATION OF METHODS FOR ods often involves very precise estimation of screen
INVERSE HALFTONING parameters, such as the thresholding matrix. If the

It is important to classify the inverse halftoning meth-Matrix also is known, the reconstruction can be made

ods. Thereby the choice of a method suited for the exisBVeN more accurate.
ing input data, is simplified. )
Non-orthographic Methods
Linear Methods The non-orthographic methods does not require ortho-
egraphic: input images. Thus, these are the methods that

A method that only applies linear operations to th )
are applicable to scanned halftones.

image during the reconstruction process is calléd-a
ear methodExamples of linear operations are: spatial
convolution, resampling, and interpolation. The linear
methods are often simple to implement, and have nic&n important aspect when classifying the methods for
mathematical properties. inverse halftoning is what kinds of halftoning algo-
rithms they recover from. There is large field of methods
specially designed for FM halftones. Especially recon-

Presumed Halftoning Methods

—-11 -
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struction from error diffused halftones is often dis-a modification there of, is probably superior to any other
cussed. These are however not interesting within themethod when it comes to reconstruct continuous tone
scope of this thesis. from scanned clustered dot halftones.

Plain Linear Filtering
3.3 REPORTED NON-ORTHOGRAPHIC

The design of filter kernels for linear filtering is dis-
METHODS

cussed in [Joh96]. In that thesis four different spatial
This thesis focus on scanned input images. This implieéernel types are compared:
that the input data will not be orthographic—and that « High resolution cubic splineApproximation of

decreases the number of available methods. a two-dimensionasinc function, covering
4 x 4 screen cells.
DGP based Inverse Halftoning + Cubic spline Approximation of the central lobe
Perhaps the most promising method for non-ortho- of the sinc function, covering x 2 screen cells.

graphic images is developed by Forchhammer et al. ate  Square Flat averaging kernel covering one
the Denmark Technical University. It is a linear method screen cell.

designed for gray level images, but can also handle col-
our images if the printing colours can be separated. This
is easy if the printing films can be scanned separately,
but is a harder task when the printing colours alreadyhe best signal to noise ratio was achieved using the
are printed on top of each other. Eskofot DGS has devesquare kernel and the cubic spline kernel. The square
oped commercial software and hardware that implekernel produced sharper images than the cubic spline,
ments these methods, but no such equipment wawit the sharp edges of the kernel produces some blocky
available for reference during the writing of this thesisartefacts in the reconstructed image. Since the square
It is very expensive and is sold in very exclusive quantikernel is four times smaller than the cubic spline kernel,
ties. it will be much faster to apply.

The method will be described in chapter 4, The linear filtering can also be performed in the Fou-
“DGP-based Inverse Halftoning”. If there is a possibil-rier domain. This is examined in chapter 5, “Halftones
ity to separate the printing colours, then this method, dn the Fourier Domain”.

GaussianSmooth gauss-shaped kernel, cover-
ing 2 x 2 screen cells.



DGP-BASEDINVERSE
HALFTONING

This chapter is a brief compilation of the results pro-ones (see figure 4.3). The size and shape of the cell is
duced at Denmark Technical University, by Sgrerdefined by twascreen vectorsThe relation between the
Forchhammer et al. (see [Forch91], [Forch94], and coloured part of the cell (the area of the dot) and the
their other reports, listed in section D.2). In this chaptertotal area of the screen cell is called ti@cknesf the

the halftone image is assumed to be halftoned by clusell.

tered dots, ordered in regular patterns. This means half-

tones of type one and two, as described in section 2.7 t

The input image is assumed to be binary. This induce ‘a y
loss of information, if the image scan is made in gray
level mode. Therefore, it becomes very important that it

is possible to reconstruct an accurate binary image from v,

fthe dot gained gray Igvel image. This p.roblem is treated Scrben angle - @b) s
in chapter 6, “Modelling of the Dot Gain”. The DGP- eh V1

based inverse halftoning is not used in my proposed
method (see chapter 8, “the Proposed Method”), due to L ' a

problems with the colour classification. Though the >x
DGP-based methods is very Interes.tlng for furtherFigure 4.1 lllustration of some basic concepts. Please note
developments of the method proposed in chapter 8. th5t the coordinates a, b, ¢, d, e, and f are given in the xy-
¥]stem.

(c.d)

Black screen cells

. S
There are several similar methods proposed, based 0

DGP. They all have in common that the screen paramgy the |attice is linear, the centres of the screen cells are
ters are estimated, and the halftone image is then filtergg.5ted at integer values ferandt, in the equation
in phasewith the screen pattern. The accuracy of thg)g|g\:

phase is so important, that a polynomial lattice is used
(described in section 4.2). X(s ) = sV, +t DV, te

The target with DGP-based methods is to achieve a y(s ) = sV +t DV, + f
sample resolution of more than one sample per screen

2 .
cell. This gives a better sharpness in detailed areas $f1€re & )L is the offset vector, and the screen vec-
the image. tors are defined as:

[EQ4.1]

— —e — U:—GD
v,=07% y,- EQ4.2
1 Ell)— fD 2 Qj— fD [EQ4.2]
If V.,=V,, andV,,= -V,,, then the screen cells have
The dots in a halftone image are ordered in a lattice X "2Y A

Square shapes. All this is illustrated in figure 4.1.
calledscreen Each black halftone dot belongs to one a When t:e screen vectors have nog-integer length
black gcreen cellThe white afeas betweerl the dots ar'?here will be numerical rounding problems. Then itis a
sometimes referred to as white dots. Thehite screen

cellsare displaced by half a cell compared to the blaclg

4.1 THE SCREEN LATTICE

on-trivial task to tell which of two screen cells a pixel
elongs to.

- 13-



14 CHAPTER 4. DGPBASED INVERSEHALFTONING

The vectors may be estimated with good accuracgue to the quantization errors discussed in section 4.4,
from the Fourier spectrum of the halftone image —se¢his approach gets very sensitive to skew and noise. If
section 5.5. eight samples per cell are used, some of the samples

will be bad.

4.2 THE POLYNOMIAL LATTICE

When scanning printed halftones, a slight distortion o
the screen is unavoidable. This makes the linear scre
model inadequate, according to Forchhammer. A bettd
approximation is to use a second degree polynomiz
approximation, between four known values located it
the corners of the considered image block.

y (S3.t3) (Spts) Figure 4.3  Black and white screen cells partitioned into
t I 1 four triangles each. White screen cell centres are marked by
t’::‘ ’\Il( rings, while black cell centres are marked by crosses.
ocl
(S_L,t ) \ ? S
- (S1t)
> 4.4 DIGITAL GRID POINTS

Figure 4.2  With polynomial approximation the screen cell A digital representation of the screen cell centres will
centres are interpolated from four known values. Please note differ slightly from their actual location, due to quanti-
that the coordinates are given in the st-system. zation errors. This is exemplified in figure 4.4. In prac-
tice, however, the relationship between the sample
intensity and the distance of adjacent micro dots is bet-
ter than in this example. This means that the dotted grid
is finer, yielding smaller differences between the black
and white circles, symbolizing the halftone microdots
KY, and their sampled versions.

(84— -5,+8)—
N

With terms as in figure 4.2, the interpolation of more
accuratest-coordinates can be written as:

S(%9) = s+ (-s)F H(s-s)E + [EQ4d

% 9) = ti+ (t-t) + (-t +  [Eo4sd)
X
+(t4—t3—t2+t1)N_|:2y

In the equations abov&, afgd are xhendy coordi-
nates when the origin of theg-system has been moved
to the lower left corner of the block (the corner indexed
by number one in figure 4.2).

If the blocks are small enough (abo26x 256 _ _ _ _
pixels), it is possible to achieve an accurate, phase cohigure 4.4  Actual points drawn in black, and their
tinuous description of the screen lattice. The adjacerf?""eSPonding digital versions drawn in white. The

. guantization errors are obvious. To lower this error the sample

blocks haye to use t.he same coord|.naFes for the Shar%@ensity is increased.
corner points, to achieve phase continuity.

The actual definition of a digital grid point segment is
formulated by Forchhammer as:

4.3 CELLS AND TRIANGLES o . . . .
Definition. A set of lattice points, S in two dimen-

To achieve a higher-than-screen resolution the screen  Sions, is a digital grid point segment (DGPS) over G

cells are partitioned into four triangles (illustrated in fig- (the st-system above), if there is a set of grid points,
. S . A in G, whose digital image D(A) is S. If A has inte-

ure 4'3)' In this way we can ut|||z_e posmblg asy_m- ger distances between adjacent grid points, S is a

metries of the halftone dot to detect image details. Since  gigital regular grid point segment (DRGPS).

every pixel belongs to two screen cells—one black and

one white—which can both be partitioned, it is possibIeThis mathematical definition is fundamental for the

to get eight gray values from each halftone dot. Thi® GP-based inverse halftoning. The scanned version of
method, among others, is proposed in [Forch91] butpe screen cell is considered a DGPS. This is illustrated
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in figure 4.5. In practice a finer sample grid is used,

yielding more triangular shapes of the four cell parti- Cé)tditng CSOtditng 1]2]-

. . ate ate

tions in figure 4.5c. DOy | Areas| | BB Areas 3|4]-

r T T rT T r*TTTTTTTTA 3 4 3 4 — — —

F+ +4F++ Ft++++ +4 Local Cell
F+ +4 k4 F+ +4 h h h h Numbering
F A+ +4 F++ F+ +4

e F4F++ F +4 h h h s

Ft h+4 F++ F++ 4 Black
o +4 b+ + P+ 4 Cell
et O 4 + + + Pt - 4 s h s h

o +4 b+ + 4+ 1o A hoh hos

et +4F++ Ft+ Ao+ 4+ + White

Cell

2l

i
id
!
AR
e’
ke
4

c
Figure 4.5 A screen cell (a) is sampled. The centre and
corner points are then quantized (b), which distorts the
guadratic shape of the cell. The final digitalization of the square
and the triangles (c) is drawn over a shadowed version of the
original cell.

A4

White
Triangles

Observe that this digital version of the cell neither cor-
respond to a digitalization of the bounding lines of the
continuous triangles, nor do they have uniformity in
area. However the variation is limited to one pixel, since | s
the digital triangles are balanced. In figure 4.5c two of
the distorted triangles have 8 pixels, while the othertwo | h s

Black Cell
Centre

o3 (o) (o] (o) o o) 0] |[®

s h s s Shadow
have 9. _ o _ Area Cell
The impact of the quantization error is decreased by
. . . . S S S S
restricting the use of white cells to dominantly dark n Highlight
s h s ° " Area Cell

areas, and black cells to light areas. In this way, most of
the quantized boundaries are located in the dominapigyre 4.6  State table specifying which kinds of areas that
colour. Thus the number of pixels of non-dominant col-are supposed to be used for the averaging process, when
our is less affected by the quantization. This error reducalculating the gray level.

tion is done on the expense of the algorithm complexity. . _ _
What is not so easy to see from the table, is that, by this

coding, there will be no overlap of black and white tri-
45 HIGHLIGHTS AND SHADOWS angles. But this is the case. The partitioning of the
image is thereby unique. Proof of this theorem is found
As stated in the previous sections, the black and whitg [Forch94].
screen cells are partitioned into four triangles each. But An application of the table in figure 4.6 is shown in
to reduce the noise, only triangle values from white Ce”ﬁgure 4.7. When Coding an image block it is sometimes
are supposed to be used in shadowed areas, and blafdcessary to have knowledge of the adjacent image
cells in highlighted areas. In areas with little or noplocks’ edge cells. In figure 4.7c, some of the border
details higher gray value accuracy may be achieved byells are coded with such knowledge.
averaging over the whole cell, instead of over each of
the four triangles. The question is now how to decide = ¢ @
which triangles to use, in a simple manner. There are * *
several ways proposed, on how to use the triangles (se ¢ o
[Forch91]), but here | have here chosen to briefly 4 4
present the algorithm presented in [Forch94]. o0 ¥ ®
The first step is to traverse all the black screen cells a b c !
of the image block, and through averaging decide if th&igure 4.7 A halftone image is coded by the table in figure
cells are located in shadowed or highlighted areag8: Some of the edge cells are coded by knowledge of the
When this is done, the table in figure 4.6 tells us Whicr?1djacent image boxes” edge cells.
triangles or cells to use. The table is designed to tell
which triangles are good and vyhich are bad-—and alsg_6 CALCULATION OF BLACKNESS
when to use complete cells, instead of triangles. In
smooth areas a complete cell gives a more accurafde blackness of the triangles and cells is calculated as
value than each triangle, because the averaging is pdhe quotient between the number of black pixels, and the
formed over a larger area. total number of pixels in the triangle or cell. The
achieved blackness is then assigned to all gray level pix-

S oo
= i e ==
v T
vwnnnon
S0 w0 oo
wTO 0 onon
o006 oo
00 e oo
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els corresponding to the triangle or cell. A better image a(A —Ay)
can be achieved if the calculated gray levels are s = A [EQ4.5]
) ) ) JALHA A HA,
assigned to the central coordinate of the triangle or cell,
and the gray level pixels are interpolated from the black- D a(A,—Ay)
ness assigned to the few closest of these central coordi- t- JALF A AL A, [EQ 4.6]
nates.
A O[O0, 1] [Eq4.7]

4.7 :
ENHANCEMENT BY USE OF GRADIENTS dot shape. If the dot shape is round, ther 2./Tt

The constantt in these equations is depending on the

It is possible to enhance the reconstruction even furthéf the dot shape is diamond, then= 2./2 . Now both

by estimating the local derivatives. Let,A,, A;, and samples of gradient and amplitude can be used to
A, be the averaged gray levels, in the four triangles in achieve an even better reconstruction. More about how
screen cell. The triangle numbering is according to figthis is done can be read in the articles and reports by

ure 4.3. Then the partial derivatives may be estimateBorchhammer et al. listed in section D.2.
as:



HALFTONES IN THE
FOURIERDOMAIN

Very little of the literature found on halftoning regard h(xy) = T[f(xY), c(xY)] [EQ5.3]
the behaviour in the Fourier domain. However, a spec-
tral point of view helps the understanding of several O, ifuzv

i _ _ Tluv = [EQ5.4]
topics, concerning the ordered clustered dot halftoning Ep else

process. This knowledge is very helpful when searching
for an appropriate inverse process. The functionf is a periodic reference function. This

function is usually approximately a two-dimensional
cosine function—possibly rotated and phase shifted:

5.1 THE FAST FOURIER TRANSFORM _ cos{w(xcosh +ysing) +0;) .

When a discrete signal, such as a sampled image, is tof(x’ ) = 4
be Fourier transformed, thiiscrete Fourier transform cos(w(ycosh — xsin) +6,) + 2 [EQ5.5]
(DFT) is used. In its two-dimensional form, with an + 7

image ofN x M pixels it is defined as: o .
The principle look of the Fourier transform of the func-

N-1M-1 2 _om 0. Mg tion defined in equation 5.5 is shown in figure 5.1.
Xy, mlk 11= NMZ ZX[n m MY EQ5.1]
n=0 m=0

and the inverse formula is defined as:

N-1 M-1 rkn, Imp
Anm=% % Xy ulk 1] & NME g5
k=0 1=0
wherex[n, m is the image. Figure 5.1  The principle look of the Fourier spectra of a

This transformation is computationally heavy, so tg'Wo-dimensional cosine function.
speed up computations, an algorithm calledfaisé Fou-
rier transform(FFT) is used Th|s enhances the algo-
rithm complexity fromO(N M ) toO(NMlog NM) .
The algorithm uses the fact that the same multiplication wy, 1
. ; . ) f =z = EQ5.
is required, for the calculation of the value in more than (xy) = EbosTZ Heos=3 ﬁ 2 [EQS5.6]

one Fourier domain coordinate. For more informationB ) tion 5.4 tion 5.3 b it )
on the Fourier transform, please refer to [Brac86]. y using equation .4, equation . can be rewntten as-

To simplify equation 5.5 we assidghh  afd to zero,
and the anglé to 45which gives:

h(x y) = T[O, c(x y)-f(x y)] [EQ5.7]

52  THE SIMPLIFIED HALFTONING MODEL When Fourier transformin@(x, y), we are thus inter-
ested in how the non-linear thresholding function

As stated in section 2.3, the functions defining theT[0, a(x, y)], is affectinga(x, y) in the Fourier
ordered threshold halftone image are: domain.

—-17 —



18 CHAPTER 5. HALFTONES IN THE FOURIER DOMAIN

Let us begin by studying how handlesf alone,

approximated by the two-dimensional cosine function :

described above.

I:

Figure 5.2  The Fourier transforrhof the reference function
simulated by a two-dimensional cosine function rotated by 45

Figure 5.3  The Fourier transform of the thresholded version
of the reference signal. High frequency energy has been
introduced as multiples of the original frequency parts.

When the reference signal is thresholded, high fre-

The peak in the origin is due to the fact that the signal is strictl)guency energy is introduced. As seen in figure 5.3, this

positive (it might not be visible in your copy but it is there).

One might think that the Fourier transform of thanly

high frequency energy is introduced in the form of exact
integer multiples of the original frequency components.

should be five dirac impulses. However, as seen in figure
5.2, this is not the case. The ideal cosine function is spa
tially multiplied by a rectangular window at the size of
the image. In the Fourier domain this is equal to convo-
lution with a two-dimensional sinc functi®nsince the
Fourier transform of a rectangular window is a sinc—
and spatial multiplication corresponds to a spectral con-
volution. This is why the four peaks are a little smeared.

1. Here, as in the following Fourier domain plots, it is actually
the absolute value of the Fourier transform that is plotted.
In all Fourier domain plots, the origin is in the centre of the
intensity plot. (When performing the transformation in
Matlab by thefft2 function, the origin will be in the upper
left corner.)

SinTIX

2. sincx= . The two-dimensional version is:

F(u, v) = sinc udsinc v

Figure 5.4  Original image and its Fourier transform.

5.3 FOURIER TRANSFORMING A HALFTONE
IMAGE

Now, let us consider a real image (figure 5.4) and its
halftone (figure 5.5). The Fourier plot in figure 5.5
shows how the threshold operator handles the original
image and the reference signal. Since the input image—
whether it is the continuous tone image or the halftone
image—only contains (positive) real values, the Fou-
rier spectrum will be symmetric around the origin. That
is: F(u, v) = F(-u,-v) for allu andwv.
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Figure 5.5  Halftone image and its Fourier transform. Notice
that the peak pattern from the reference signal and the low
frequency parts of the original image still are present.

Inverse Halftoning using a Sinc Function

There is a simple solution with the characteristics
described above: the two-dimensional sinc function,
rotated to the right angle. Multiplying in the Fourier
domain with a sinc function, is actually equal to spatial
convolution with a rectangular and flat averaging kernel,
at the same size and angle as the screen cells of the half-
tone image. The resulting image quality is quite good,
although it is a bit blurred, and a bit blocky because of
the sharp edges of the spatial kernel.

Figure 5.6 gives important information when trying toFigure 5.7  Comparison of original image (left) and

find a the inverse function. The left the two plots

,reconstruction (right) from the clustered dot halftone image in

shows the frequencies that differ the most, when confi9ure 5.
paring the halftone image with the original image. Thel’he result of this filtering can be seen in figure 5.7.

right plot shows the transfer function of the ideal filter
that would map the halftone image back on the original
image, in this particular case. It gives us a good hint

Except for a little lack of detail compared to the original
image it is a fairly good reconstruction from the half-
tone image in figure 5.5. To give the sinc function in the

why low pass filtering—and especially smooth 9aussIag, ier domain the desired characteristics (zero cross-

low pass filtering—gives so good results when used for

pass filter is a fair approximation of the ideal fitter

Figure 5.6  To the left: the absolute difference between the
spectra in figures 5.4 and 5.5. To the right: the transfer functio
of the linear filter that would map the halftone image back on
the original image, in this particular case.

For higher frequencies the ideal filter indicates that it i
important to mask out the peaks derived from the

threshold reference function. We would like to get a fil

ter with gaussian-like behaviour for low frequencies ang’

zero crossings at the halftone’s peak frequencies.

3. Actually: this far we only know that the gaussian filter
transfer function approximates tabsolute valuef the
ideal transfer function—we know nothing about piase
which also is an important aspect.

ings at reference function peaks), it is essential that the
Vgpatial averaging kernel has exactly the right size and
angle. Otherwise the zero crossings will be misplaced. It

is easy to realise that a spatially too small kernel does
not remove the screen pattern, but due to the properties
of the sinc function, a kernel that is bigger than neces-
sary might work the same way. The result is shown in

figure 5.8. Of course the reconstructed images are of
continuous tone but are here halftoned again for repro-
duction. This might decrease the readers ability to spot
the differences between the images. Most of the images
in this chapter are also found in appendix A.

Figure 5.8  On the left the same kernel size as in figure 5.7 is
used, but at the wrong angle. On the right a too large kernel is
used. The image is more blurred than necessary, but still shows
remains of the screen pattern.
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Inverse Halftoning using a Gaussian Low Pass Filter As shown in figure 5.10 the error in phase as well as the

From the discussion above, it is understood that the sif€'ative amplitude error is very low for low frequencies.
approach is quite sensitive to errors in the estimation ofiS 1S the reason why the phase preserving filters, tried
the screen parameters. By using a gaussian low pass garlier, have worked. The figure also indicates that it
ter with sufficiently low limit frequency, all the will be tough to construct a good filter that only masks

unwanted peaks are filtered. Of course also more oth@Ut the peaks. Not only is the needed phase correction
information, possibly deriving from the original image, between the peaks, for high frequencies unpredictable

is filtered. On the other hand we do not have to worry_for higher frequencies the relative amplitude error is

about having a spatially too large kernel, or a kernef® large, that almost no information of the original spec-
rotated into the wrong angle. Because of this insensitifum remains.
ity, this method is commonly used in image processing
toolkits like Adobe’s Photoshop.

Then, what happens if we instead of the soft gausF-"4
sian filter use a sharp, close to ideal, low pass filter, with HALFTONES

limit frequency just inside the first halftone peaks? Theynen trying to perform inverse halftoning eolour
result is shockwaves near edges, and is shown in figuigyftones more difficulties are introduced. The image is
5.9, although the reproduction halftoning here hide?)rinted in the four primary colours cyan, magenta, yel-
these obviously negative effects. For a closer l00kjg\y and black. The scanner on the other hand usually
please refer to appendix A. uses red, green and blue. It is a very difficult problem to
fully extract the four printing colours from the scanned
RGBimage. The reason for this is the problem with
black colour. With four primary colours it is in micro
perspective possible to create 16 different colours—but
of these, 9 are more or less black! One of the black col-
ours is generated b@, M, andY, while the other 8 are
combinations of the primary colours containikgNo
one has to my knowledge yet succeeded in distinguish-
ing between all 9 variants of black.

But there are more difficulties. Depending of the fre-
quency characteristics of the filter in the scanner, there
might be hard to distinguish between some of the other

FOURIER TRANSFORMS OF COLOUR

Figure 5.9  On the left: gaussian low pass filtering with the
highest possible limit frequency without any sign of the screen
pattern. On the right: the effect of using a ideal low pass filter

that cuts of the spectrum just before the first peaks. seven colours. The scanner used for this project (AGFA
Arcus Il) has great difficulties distinguishing printed
What about the Phase? magenta and red (which consists magenta and yellow).

We have now seen that low pass filtering works quit? The dlsguisllon _a”br?ve mtdlcbates tr;at thedmversel half-
well when performing inverse halftoning. But what oning probably will have to be performed on colour

about the phase? How does the halftoning operatio%hfan_nel |mages that have more than one scree_n Pa“e”‘-
. : : This implies a new problem. The two screens will inter-
change the phase in the Fourier domain? ) i _
act and create moire patterns (see section 2.5). And this
proves to be a new difficulty when performing inverse

halftoning.

phase angles between the halftone image and the original
image. On the right: the absolute relative error compared to the
original image.
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integer multiple combinations from peaks of different
colours. There are lots of them, but only a few are so
strong that they are visible. In this case both cyan and
black are strong so several combinations of these peaks
are visible. Four of them (marked with circles in image
d) gives sharp peaks for frequencieser than the base
peaks.

This moire effect yields that the lowest frequency
component (peak) added to the original image is lower
than the lowest peak of each primary colour screen. In
this case we loose a factor of 1.93 (that is: the screen
frequency has to be increased, with a factor 1.93 of the
primary halftone image’s, to have an equally invisible
screen pattern):

Y - ﬁzl.%
X 2[sin

Figure 5.11 The R (red) channel of a scanned colour halftone
image. Traces of C, M, and K are clearly present.

Figure 5.11 shows the Fourier transform of the red chan-
nel of a scanned colour halftone image. At a first look,

the peaks does not seem to be reproduced at integeyis calculation also implies why the moire effect is
multiples of the lowest frequency peaks any more. Buty\vasé# when the screen angles differ with°4Fhis

this is actually still the case, although the pattern i?/ields only a degeneration of a factor 1.31. When the

more complicated. difference between the screen angles get smaller the fac-
tor increases. This is pessimistic: we print with four col-
our, which gives us an average angle difference 6f 18
and a frequency degeneration factor of 3.20. But this is
not the whole truth. Since yellow is lighter than the
other three printing colours, the moire pattern involving
yellow is less visible and can therefore be tolerated, to
get less moire involving the other colours. The factor in
our example of 1.93 is quite typical.

The factor above implies that we have to set the fre-
guency limit to half of what we should need to, when
applying the low pass filtering techniques. The only way
to completely remove this unnecessary need for low
pass filtering, is to completely extract the four halftone
images (one for each printing colour) from the scanned
version of the printed colour halftone image. And, as
stated earlier, this is very hard to achieve.

5.5 ESTIMATING FREQUENCY AND ANGLE

Figure 5.12 The explanation to the different peaks found in It is possible to estimate both screen frequency and
figure 5.11. angle from the Fourier spectrum with high accuracy.

There is a tight connection between the positions of the
Imagea in figure 5.12 shows the base peaks originating
from the cyan colour halftone (marked by arrows), and

their first integer multiples (circles). Imagésandc 4. This is true when we do not have full control of the spatial
show the same for black and magenta (magenta is position of the screen pattern. Otherwise we could achieve
weaker than the other two). Imadenarks a few of the no moire at all by giving all printing colours the same

moire peaksBy this is meant peaks originating from  angle.
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peaks in the spectrum and halftone dot periodicity. In A Y,
the Fourier domain we define the vectors to the base 6= atanx—l 90 + atart * % [EQ5.14]
peaks as follows:

I=A/Xf+yfzjx§+y§ [EQ5.15]

But how do we extract the Fourier coordinates of the
peaks from the spectrum? As we can see in figure 5.14,
which is a 3D plot of the spectrum of a scanned authen-
(CAD) tic halftone image, the task will not be very hard. Except
= from the origin or points very close to the origin, the
(U, vy) four base peaks ameuchhigher than any other values in
the spectrum. Extracting their positions will be quite

Figure 5.13 Naming convention for vector variables. The easy.
Fourier plane has here been cropped. Only a partition around
the origin is shown.

15000

u>0; v;<0; u,20; v,>0 [EQ5.8]
10000
Then, according to [Joh96] (the equations have here

been slightly adjusted), the connection between the vec co00
tors in the Fourier domain and the screen vectors is:

k.0 _wiO 0
gage 1 B -widhg [EQ5.9] ®
E/llj UiV =UzVi[H 0 (v,0

.0 1 Op wiO
0°0= u—\-/—_l]—V-DO 0 [EQ5.10]  Figure 5.14 Plot of the absolute value around the origin, of
@zm 127 H2V1l+H OV, the Fourier transform of a one-colour halftone image (compare

. . . tofigure 5.13).
whereW andH are the width and height of the Fourier

transformed image. For traditional clustered dot halftonBut the resolution of the DFT is quite coarse. There
ing the two vectors above should be at right angles anshould be some way to interpolate a better coordinate
have the same length. This will be the case for most dbr the peak than just an integer. This is done with help
our scanned input images. To fully estimate the approxfrom the surrounding points. The method used is called
mate centres of the halftone dots we have to know nagcal gauss interpolationin bothu andv directions we

only the distance between the dot—we have to knownterpolate a more accurate peak coordinate, by fitting a

an offset vector too. This offset vector can be approxigauss curve to the local neighbourhood. This is illus-
mated from the argument of the Fourier spectrum in thgated in figure 5.15.

points (uy, v;) and(uy, vy)
abs
D —argF (uy, D —argF (u,,
B( gF (u; Vl)B( argrF (up, V) Ekll] [E05.11]
Yo 2n g 2 g

No we can easily calculate the screen cell centres for the . ,
white cells: . 4 +

upeak'l upeak upeak+ 1 u

[k “H 0|]+ ke 1|]+ I Elk% [E05.12] Figure 5.15 Local gauss interpolation in one dimension. The
E/ 0 E/OD §,0 0,0 Q> integer peak value is corrected from the two adjacent values.
C
or the black cells: The formulas to interpolate the new peaks is:
h O
B(C 0 1 1 qul[l
b= D+ + [EQ5.13] o 1@ "
B/cblj |:y0|] 0] coer - u2 qu1[| [EQ 5.16]
Weopn O [q 0y,
wherek andl are integers. If the vecto(x;, yl)t and cort 240
sz + qle

(X, yz)t are at right angels and have the same length we
can calculate the screen angle and cell size by: where



qul

Qu2

QVl

qv2

for u = U, andv = v,
The correctness of this estimation is analysed in
more thoroughly in [Joh96], and is here illustrated in

figure 5.16.

5.5

n2b(HUY YY) O
Laby H u+ 1, v))U

@b U Y)
Caby F u—1, v))O

IndabsKu V) O
Laby Ry v+ 1))U

nLab(FU V)
b F(u v-1))0

peak *
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Figure 5.16 The estimated screen cell centres marked by
points on a scanned halftone image.

Another way to increase the accuracy of the coordinates
is to use higher order peaks than the base peaks, and
then divide the estimated coordinates with their multi-
plicity. But since printing and scanning has a low pass
filtering effect on the halftone image, the higher order
peaks generally will be very suppressed and thus very
uncertain. Also, when working with colour images, the
peak pattern gets so complex (see figure 5.11), that eve-
rything above second order peaks is very uncertain.
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MODELLING OF THE
DOT GAIN

This chapter is a brief compilation of the results pro-Traditionally the optical dot gain is ignored, or not sepa-
duced at the Image Processing Laboratory, Linképingated from the mechanical dot gain. But since the two
University, by Mikael Wedin [Wed95], Stefan Gustav-different types of dot gain have such different sources,
son [Gust95], and Bjorn Kruse. One method each fothe model may be improved by separating the two con-
estimating the mechanical and optical dot gain, respeceepts.

tively, is suggested: the transition area method and the

colour shift method. The transition area method is

essentially a colour classification method (compare td.2  MEASURING THE DOT AREA

the methods described in the next chapter). When measuring dot gain the traditional way, the area

actually covered with ink has to be measured. For this
purpose, usually either@animeteror adensitometers
6.1 WHaTIs Dot GAIN? used. With these methods, most of the smooth transi-
When printing halftone dots, they hardly ever come oution area surrounding the printed dot (see figure 6.1), is
the same size as they had on the original film, that wadassified as ink covered. The reported ink covered area
used to create the printing plate. Usually the dots grous thus a bit too large. This is why the transition area
larger than on the original printing film, which results inmethod, briefly described in section 6.4, is a better
a too dark image. Therefore, when making the film, thi€hoice.
is (hopefully) taken into consideration. As the available scanners become better and better,
The change of size of the halftone dots is not conthe expensive planimeter may be exchanged for a high
stant. It varies depending on ink quality, paper typeresolution scanner. Commercial scanners unfortunately
printing technique, and viewing conditions. This is a(in this case) often include a compensation filtering step.
problem, and the distortion of the halftone dot’s shape i$he image is probably filtered automatically, which is
referred to aslot gain There are two main types of dot bad when a raw data image is desired.
gain:

» Mechanical dot gainwhich is the physical The inner of the dot
enlargement of the halftone dot. un\i,\flgrhmaﬁ]%rct)ﬁiigll?nt:sz
» Optical dot gain which is a visual enlargement
of the halftone dot. Partly due to interaction /
between the incoming light and the paper sub-
stratum, in the vicinity of the dot—and partly Unprinted paper The transition area
due to the limitations of the eye’s frequency
response.

Figure 6.1 A printed halftone dot with its surrounding
shadow, the transition area, that yields a “darker” print (higher
density).

— 25—
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6.3 COLOUR DISTRIBUTIONS

: . . Unprinted
If we do not consider the transition areas surrounding p(fper

the halftone dots, there are only four classes of colours,
when a halftone image is examined closely.

* The colour of the paper on which the halftone
image is printed. Presumably some kind of
white.

* The primary printing colours—usually cyan,
magenta, yellow, and black—as they look when
printed at this particular paper type. They are
here referred to aype | colours.

* The secondary colours of two overlapping
typel colours. With primary colours as above
they will be red, green, blue, and blackhey
are here referred to &ge Il colours.

* The overlapping of three or four different type
colours. They are all black. They are here
referred to asype Il colours.

. Black (CMY)

Figure 6.3  The eight colour clusters (in three colour
Type | colour printing), and the twelve possible transitions between them.
Type | colour
\« The necessary steps to convert the three-dimensional

problem to the one-dimensional ones are:

e Calculate the centre of gravity, for each of the
eight clusters in the 3D histogram. To do this we
have to find the averages of the most frequent
colour’s coordinates in some colour space (see
chapter 7, “Colour Classification” for explana-
tion of colour space). Preferably, theELAB col-

Type Il colour our space is used.

Figure 6.2  The transition between two type | colours, goes « For each pixel: project the colour coordinate,
via a type Il colour. assigned to the pixel, orthogonally to the colour-
imetrically closest, of the vectors between the

If two halftone dots are printed overlapping each other a )
centres of gravity.

typell is produced. There will be a border between each o .
of the two typd colours and the typ# colour, butno ¢ Colours close to a centre of gravity is projected

border between the two typeolours. In fact: there can on all three of the closest vectors.
be no colourimetric transition area between any two « The one-dimensional colour distributions are the
typel’s, or any two typdl’s, according to the model histograms over the projections on each vector.

proposed by Wedin. The transition between two primary For simplicity, the lengths of the vectors
colours always goes via a secondary colour. Thisis  between the clusters are normalized to one, prior

illustrated in figure 6.2. to the calculation of the histograms.
In three colour printing we have eight clusters, as
shown in figure 6.3, with twelve connecting lines, sym- Comment on this Colour Model

bolizing the possible transitions between the C|USter%ince almost all colour printing is made in CMYK, and

Each of these transitions is approximately one-dimen ., ; CMY, the discussion above is a grave simplifica-

sional. This approximation can reduce the problem COMon of the reality. Also, since the target input images in

plexity a lot—instead of a three-dimensional prOblemthis thesis are printed in a newspaper or similar, there is

we can have twelve one-dimensional problems to de%l great deal of noise added. The nice cubic shape from

with. It is definitely easier to decide the one-dlmen—figure 6.3 is then quite distorted.

sional threshold values than the three-dimensional ones.

1. The fact that black can be both a typé, andlll colour, is
due to that there are nine kinds of black, as stated earlier.
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6.4 ESTIMATION OF THE MECHANICAL | do not understand how the author of [Wed95]
DoT GAIN decides the proper transition area function, to use in the

calculations above. Therefore | refer to that report, in

this matter. The same applies to the question of whether

ing setup, gives the probable number of pixels, belongne (ransition area method can be used on images, other
ing to the transition areas of the halftone dots (see figuig 5, test images with a single tone level.

6.1).T is a function depending on the tone, or gray level
in the monochromic case, here denaletlet C,(x) be

the one-dimensional colour distribution (histogram), forg 5 EsTIMATION OF OPTICAL DOT GAIN
the transition in point. Let:

The transition area functiod,(d) , for a specific print-

A large portion of the light reaching the paper surface, is

*1 not directly reflected. Instead it penetrates the paper

A% Xg) = J’Cd(x)(x)dx [EQ6.1]  and is scattered (see figure 6.4). Then it emerges from
0 the top and bottom surfaces of the paper. The light scat-
and then maximize: tering can be modelled kpoint spread functions
The estimation of the optical dot gain, based on col-
Xin_a;((OA(xO, X,) < T(d) [EQ6.2] our shifts, is far too complex to be described here.
Thus, we find the largest possible interyaj, x,] in

the distribution between the clusters, holding the
expected number of transition pixels—we locate the
pixels where the tone variation is largest. The pixels
yielding values betweer, and in the colour distri-
bution, is said to belong to the transition area. The Paper
actual edge is assumed to be located in the middle c.

this interval: Figure 6.4  Some possible paths for the photons. Some are
directly reflected. Others are scattered in the paper. Some of the
light is absorbed by the ink.

X1 =X

Xedge = T [EQ 63]

Then, pixels yielding values in the distribution less tha 6

THE USE OF THE DOT GAIN THEORY IN
Xedge D€IONG to the halftone dot, while those yielding

. ; THIS THESI
larger values do not. The mechanical dot gain can be S SIS
determined as: Since the target input images in this project are printed
in four colour printing, and are quite noisy, there is a
Xedge . . . .

I Cy(X)dX — Agesireq great difficulty in the reseparation step. Because of this,
dot gain = Again . [EQ6.4] and shortness of time, it was hard to adopt any of the dot
Adesired Adesired gain theories within the scope of this thesis. | have cho-

where Ay.qoq IS the number of pixels belonging to ha”_gen to although include .th|s chapter to p0|_nt o.ut the
tone dots prior to the printing. importance of the dot gain concept, and to inspire the

use of this knowledge in future works on inverse half-
toning.
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COLOUR
CLASSIFICATION

This chapter describes a few methods for classification Let us start by looking a little closer on the four col-
of the 16 possible colours in colour halftones. The methsur spaces mentioned above. For even more informa-
ods are: global thresholding, local thresholdning, andtion, please refer to [Hunt91], or [Poyn95].

learning vector quantization. None of the proposed
methods were capable of distinguishing the nine possi-
ble black colours. This is why the DGP-based methods

were not used in the method proposed in Chapter 8. A fundamental faCt in CO|Our theory iS that a” ViSibIe
colours can be expressed as linear combinations of three

basis colours. Red, green, and blue are often practically
7.1 COLOUR SPACES chosen as basis colours. To determine the blending pro-
) ) portions of these three colours for all visible colours, an
When discussing colours we have to relate to one cpreriment was made (see figure 7.1). ThelGS3Eand-
several .colour spaces. Usually one out of four COMMOY, 4 Opserver is the average human observer, of the pop-
spaces is used: ulation having normal colour vision. The experiment

RGB and RGB

» RGB—colourimetric tristimulus values with a was performed by letting the observer blend the red,
tight connection to the physical aspects of colour green, and blue light, in order to achieve the same col-
and light. our sensation as a reference light of each particular

« XYZ—colourimetric tristimulus values derived ~ wavelength. The result is shown in figure 7.2.
from RGB

« CIE 1976 (La'b" or L'u’v")—device independ- . 9« Red light

White screen_ _ - - - -

. | | i [ S e ’@ Blue light
uniformity. That is, colours at equal distance in RS

any direction in the coordinate system, will be [~ — -
percepted as equally different by the human eye. A

ent colour spaces created for good perceptual

» CMYK—device dependent format which is - -
used in colour printers and the printing industry. el — -
The formats above are converted in a device _ .
dependent way to tones of the primary colours i
cyan, magenta, yellow, and black.

~ Observer
"7 Y Reference light

When the image is printed it has been halftoned from gigyre 7.1 Simplified illustration of the experimental setup,
CMYKimage, but when the printed image is scannedwhen deciding the colour matching functions.

the scanner will most likely produce &GBimage.

Apart from the fact that the conversion between these

spaces can be done in several ways, the printing and

scanning processes have most likely introduced errors.

This is why the reseparation process is so difficult.

1. CIE is short foCommission Internationale de I'Eclairage

—29 —
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implies that different transformations are required when
converting the two differerRGBformats to other col-
our spaces. B

In computer graphics it is usually tHRGB  values
that are referred to, when using the t&2@B mode

XYZ

The unpleasant property ofA) , as an example, to be
negative for soma’s creates a demand for other colour
matching functions. They are standardized to:

Blending proportions

(Mg Ho49 031 0.2090MC

-0.4 I L L L L L I I L D D D D

300 350 400 450 500 lss?h nnioo 650 700 750 800 EI(A)D: @_17697 0.81240 001%@()\)D [EQ7.4]
Wavelength,
e M0 5 0 001 0.99abM)

Figure 7.2 The rgb colour matching functions.

For some wavelengths some of the basis colours ha\)g‘ese transformgd functlgns can be seen in figure 7.3.
negative coefficients. This strange phenomenon ariseTshe tran§form§\t|on mgtrlx may seem S”ange—‘”hy
when it is not possible to achieve the reference colodfore decimals in the middle row? The answer.|s that the
with the red, green, and blue light. Then, one or severé1()‘.) Comp,"”em is a sort of Iu.mmance or -Illghtnes-s
of the lights are moved over to the reference side, an|8d|cator._5|r_1ce the hu_m_an eye |_s extra sensitive to dif-
thereby the same colour sensation can achieved on bJﬁ;{enc_es |.n Ilg_htness, it is more important to have extra
sides. The wavelengths of the red, green, and blue ”ghpgemsmn in this component.
used in this experiment are very well defined: red is
700nm, green 546.4im, and blue is 43518n ol
By using the colour matching functions, it is possi- ' 20
ble to achieve so called tristimulus values R, G, and B *|
for a certain coloured object:

o
3
T

o
o

R = ‘[I(A)r()\)d)\ [EQ71] o5 »
§0.4

G = II(A)g(A)dA [EQ7.2] o3

0.2

0.1
B :II()\)b(}\)d)\ [EQ7.3] L AN N

300 350 400 450 500 550 600 650 700 750 800

Wavelength, nm

wherel(A) = F(\)P(\) .P is the photon distribution Figure 7.3 The xyz colour matching functions.

illuminating the object, an# is the objects influence on o
incoming light (reflectance function). The percepted_NOW the tristimulus valuex, Y, andz, can be calculated

colour of an object is dependent on the light source jjjyln the same manner &G, andB:

minating the object—and two objects with differ&rg
may be percepted as having the same colour when
viewed under different light sources. This phenomenon
is calledmetamerismTherefore, it is important to spec-
ify the used illuminating light source, when comparing
colours.

When scanning an image tR&Bvalues received Z = [1(\)z(A)dA [EQ7.7]
will not be depending on the Standard Observer’s colour I
matching functions—they will be depending on the fil- i ) )
ter responses of the three filters, separating the coIoJrhe same transformation matrix may be qsed for the tri-
components in the scanner. Let us call these functionsst'rnlJIuS values "’_‘S for the colour matching functions.
PN, G0N, andB(A) . When the tristimulus valugs | When trans_formngGB. value_s t)éYZvaIg_es the
G, andB are calculated in the same manner as abo\/’cergnsformatlon matrix W'!I be slightly modified (see
these will most likely differ from R, G, and B. This equation 7.10, suggested in [Poyn95]).

X = II (A)x(A)dA [EQ7.5]

Y = l’l()\)y()\)d)\ [EQ7.6]
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Since it is custom in Matlab to giRGBvalues in

1/3
the range of zero to one andt zero to one hundred %X , x>0.008856
(which is assumed in most literature), it is convenient to f (X) = 57 S—L] %< 0.008956 [EQ7.15]
multiply the transformation matrix (and divide the o 116° T

inverse matrix) by a factor 100. Otherwise the standard
values ofX, .Y, ,and, ,discussed in the next sectiod "€ constantX,, Y, , and,  are tH¥Zvalues for

have to be modified (dIVIded by 100) the chosen reference white point. When Working with
After applying the modification factor, described colour monitors good choices could be something close
above, the transformation matrices are: to (X Yn, Zy) = (95.04 100 108.8p, according to

[Hunt91] and [Poyn95]. That is the reference white
point for D65 CIE Standard llluminahtThe equations

0 O
0 49 31 205 above are valid for:

Arce = %7.697 81.240 1.0@ [EQ7.8]
0o 1 99 O 0<X<X,;, 0<Y<Y, 0<Z<Z, |[EQ7.16]
Because of this there is a connection between the val-
%23.646 - 8.9654—4.680% ues ofX, ,Y, ,Z, , and the matrices in equations 7.8
AE}GB = [15.1517 14.264 0'88758D10_3 [EQ7.9] and 7.10. They should be chosen as the row sums. The
.05204— 0.1440810.092] chosen values are the row sums of the matrix in 7.10.

How shall the coordinates TIELAB be interpreted?
Figure figure 7.4 gives a hinit” is the lightness, while
%1'2453 35.7580 18'04%3 a’ is (approximately) corresponding to the green-

A = %1-2671 71.5160 721@ [EQ7.10]  ness/redness afd is (also approximately) the yellow-
[11.9334 11.9193 95.02 ness/blueness.

| [3:240479- 15371560.498535
Azés =20.969256 1.875992 o.o415ﬁ110 [EQ7.11]
[0.055648 — 0.2040431.05731

whereA is the transformation froRGBvalues toXYZ o
values, and\ inverseis the opposite transformation. (5332’

CIELAB

The CIE 1976 (La'b") colour space, usually written
CIELAB, is derived fromXYZcoordinates with aim on
perceptual uniformity. Originally it was developed to
give the textile industry an accurate way to describe CO'I'n addition to Ca'b® coordinates there is also another

ours. Now it serves as one of the most well knowrye,jice independent colour space calléd’’* coordi-
device independent colour spaces, for all kinds of app"ﬁates, defined by slightly modified equationsei@s

cations. _ works best in subtractive colour applications such as
The transformation betweelYZvalues an@IELAB  haher printing, whilesiELuv works better for additive

values is defined by: applications such as computer monitors and TVs.

Figure 7.4  ThecIELAB colour space.

O /3
(116 EE%EF ~16, HF2>0.008856 CMYK
L" = E " " [EQ7.12] The conversion betweeRGB mode andCMYK is
%903'3 ig, E%% 0.008856 described in section 2.5. It is device dependent, and sub-
0 n n tractive colour space.
a = 5000H D—&E— f EY-% [EQ7.13]
X0 b,
- YO 2
b = 2000 L & EQ7.14
E% |j{nD EZHDD [ ] 2. One of several well defined standard illumination sets.
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7.2 GLOBAL THRESHOLDING

The easiest approach to separate the four printing col-
ours in a scanned image, is probably global threshold-
ing. This implies studying of different histograms of the
image. The target is to distinguish as many as possible
of the 16 possible colours. In an ideal case it will be
possible to detect them as clusters in the histograms,
illustrated in figure 7.5.

p(c)

' ' >
I T() Tl ' Cc
Figure 7.5 Inideal histograms clusters of more frequent
intensities can be spotted.

It is quite easy, in the ideal case, to guess appropriate
threshold values, and there are several statistical meth@'ure 7.7 Ascanned, three colour prinféchalftone image
ods to improve these guessed values. But for real halfappermost, left), and globally thresholded estimates of the
tone images this is not the case. It is very rare to see atiyee printing colours.

particular clusters at all (see figure 7.6)—whatever col-

our space is chosen.
7.3 LOCAL THRESHOLDING

90

To compensate for shifts of illumination in the scanner,
| and colour shifts, local thresholding may be applied.
1 Originally this would require the generation of one his-
togram for the neighbourhood of each pixel. This is
much to computationally heavy. Instead of a fixed
threshold, the pixel values are compared to an adaptive
threshold, dependent of the local average tone:

Green
80

70F
60
50
40+

30F

| fxy)2f(x,y)+T
, a(xy) = O o) =106 y) [EQ7.17]
20 o) otherwise
“ which is equivalent to:
m 0.3 0.4 0.5 0.6 0.7 0.8 _
Figure 7.6 Histogram from the green colour channels in a g(xy) = El fxy)-f(xy)=T [Eq 7.18]
light RGB image. It is a non-trivial task to decide the best M otherwise

threshold values. _
The signalf (x, y) — f(x, y) is achieved by filtering the

The situation does not improve very much by switchingmage with a Laplace operator, exemplified in figure
to a device independent colour space, suati|\B. It 7.8, of appropriate size. What “appropriate” means in
is possible to distinguish between all colours that are nahis in this case, is depending on the image characteris-
black, with pretty good accuracy, but impossible to telkics.
one black from another. And it is very hard to automize
the thresholding process, because of the fact that the his-
tograms do not have the desired properties.

The ability to detect different kinds of black is very
low. The global thresholding only works properly for 3. The image is actually four colour printed, Buis used in
three colour prints, such as in figure 7.7. very few spots.
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shape of the halftone dots have rough edges. This can be

-1(-1-1(-1{-1 seen in figure 7.10.

-1(-1-1(-1(-1 From some experiments (see figure 7.10), the con-
“1l-1l24]-11-1 clusion was drawn, thatiELAB was better suited for the
al-alal-11-1 LVQ, than theRGBcolour space. The choice of training
1l1l1l1l1 pixels also affects the estimate quality, so perhaps this

comparison should be examined more carefully.

Figure 7.8  Laplace operator of size 5x5.

accurate results. The computation to filter the image will 3s¢
*

@,
be rather heavy. Even then, there will be problems with ."f, ;},_
large completely filled or white areas. The local thresh- 34 ,ﬁy"

olding method is based upon the assumption that ther

are approximately the same proportions between printgtgure 7.10 LVQ estimation of the cyan screen from image in
and unprinted areas, throughout the image. This is rarefigure 7.7. To the left: estimation in RGB. To the right:

true for halftone images (illustrated in figure 7.9). estimation incCIELAB Compare these images to figure 7.7c.

7.5 WHY THE INTEREST IN NINE BLACKS ?

Ay

- o L :

3 - Why is it so important to distinguish between nine black
--" i colour combinations, that almost entirely look the

same? If the eye can not tell the difference, why should

J AT A we bother to get the computer to do it? A simple solu-
- S ,ga.ﬁ:&nﬁ_ L tion would be to say that wherever K is present, none of
d .. _-E_‘-? ._*}-.":'-."F.‘.::E:' the other three colours are. Or another solution: wher-
Figure 7.0 To the left: the green channel of a scanned ever K is present, then so are all of the other three col-
image, containing primarily the magenta screen. To the right: 0Urs. Both of these solutions would make the black
local thresholding of the image. In solid non-printed areas, the screen pattern present in all the other colour channels.
cyan screen is gained (compare to figure 7.7m). There will be two screens in each channel, and therefore

) . ) ~we will still not be able to apply the methods described
The summary is that local thresholding will be very time;| chapter 4, “DGP-based Inverse Halftoning?.

consuming, and maybe produce inaccurate results. | 4, not think that it ever will be possible to distin-
Thus it is not very applicable to the existing problem. 4 ishy 4l nine blacks, but perhaps they could at least be

separated into four “black classes”. Then perhaps the
DGP-based methods would be applicable.

7.4  LEARNING VECTOR QUANTIZATION

This next colour classification method is collected from
Matlab’s Neural Network Toolbox. It is callddarning /-6~ EFFECTS WHEN INCREASING THE
vector quantizatiorlLVQ), and is a method for training COLOUR DEPTH

competitive layers in a supervised manner. The competirhe scanner that was used during this project had the

tive layers will automatically learn how to classify feature to optionally scan in 48 BRGB (16 per colour
Input vectors. channel) instead of the traditional 24 RGB (8 per

The resulting classification can be quite gOOdchannel). What benefit would this give. when trying to

depending on the choice of training vectors and the disf— separate the primary colours from the scanned half-

tance between the vector clusters representing each C?i’ne image? Unfortunately the answer is al e

guﬁz n I'E[hehcho§en tCOI_Ol_” spac;a. H(?cweV(IaIr,”:t S Ve¥e presence of noise in the printed newspaper image is
ITeult choosing traihing vectors Tor a € nine larger than the smallest colour unit in 24 bit mode. That

blacks. Practically it can not be done, other in speciqls the new 24 bits will not provide much more valuable
test images. Accordingly, the LVQ will not be able toinformation at all

distinguish them. A negative aspect of the LVQ esti-
mates, compared to the thresholded estimates, is that the
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COLOUR CLASSIFICATION



THE PROPOSED
METHOD

The method | propose when performing inverse halfton- « In theB channel, the yellow printing colour will
ing of colour images, is here described step by step. In  be dominantY=1-B .

section 8.5, an example is provided. This example is . :
b P P IS<W|II be more or less present in all three of the chan-

intended to illustrate the abstract description from the . . . :
i ) o . nels. Either it, olC, M, andY, respectively (according to
first four sections. Some readers may find it easier to

. . . the statements above), will be dominant in the three
read section 8.5, before reading the other sections. ) ,
RGBchannels. Then the actually dominant screen is

In chapter 5, “Halftones in the Fourier Domain”, it wasdecided for each channel, by searching for the highest
concluded that if the screen parameters were accuratghgaks in the Fourier spectrum (besides origo). From the
estimated, then a flat, square, spatial filtering kernel, ofoordinates of these peaks, the screen frequencies and
the right size and rotation, was a good choice for inversangles are calculated. The calculation is performed
halftoning of monochrome images. But to remove moraccording to the algorithms described in section 5.5. We
than one screen pattern, as in the case of colour hafempletely disregard the other screens and the moire
tones, we would have to apply several filter kernels witleffects, and concentrate on removing the dominant pat-
different rotations (and possibly sizes). Frequency comtern. The moire will not be dominant at this stage; the
ponents between the Fourier domain peaks will by thisiteger multiple peaks are always lower than the base
iteration be suppressed several times, which is not googdeaks they descent from.

The moire would force the use of spatially larger ker-

nels, since it adds low frequency peaks to the spectrum.

This can be avoided by following the steps described i8.2 ~ STEP 2: PRODUCING FILTER KERNELS

the next few sections. Now, for each colour chann&, G, andB, the screen

angle and frequency, for the screen that is dominant in
that particular channel, is captured. We now create flat,
spatial convolution kernels for the three colour chan-
The first step is to estimate the screen angles and fraels. If the lengths of the sides of the screen cell are
qguencies of the different screen patterns in the scannetbse to integer, they can be produced in Matlab, in the
halftone image. The scanner deliversR@Bimage, following way:

which has three colour channels. If the black printing

8.1 STEP 1: ESTIMATING PARAMETERS

> A=zeros(s+2,s+2);

colour K) is disregarded, the following is known: > A(2:s+1,2:5+1)=0nes(s,s);

« IntheRchannel, the cyan printing colour will be > A=imrotate(A,ang, bilinear’);
dominant, since red is not additive part of cyan > A=Alsum(sum(A));
in RGB while green and blue are. Approxi- wheres is the (integer) side length of the estimated
matelyC=1-R . screen cell, andngis the estimated screen angle. The

« In theG channel, the magenta printing colour produced kernel’s behaviour in the Fourier domain is
will be dominant for the same reason as above:
M=1-G.

- 35—
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illustrated in figure 8.1. In the same way as above, onson why the channel images are Fourier transformed in
kernel each, for the other two colour channels, is crepartitions, rather than in one piece, is that transforming
ated. The convolution is applied by: a large image requires enormous amounts of computer
memory during the calculation. This is avoided by parti-
tioning the image into smaller blocks. Since the same
wherer is the red channel image. When the convolutiorilter is applied to all blocks in each channel image, the
is applied, the resulting image will be larger than theyorders between the blocks will not be visible in the
original. Thereforerl is cropped to the same sizeras output images.

by choosing a centred partitiondf, of the right size. When adding the three colour channels, we will get a
relatively sharp continuous tone version of the input
halftone image. The reconstruction is completed, and
may, if wished, be compared to the original continuous
tone image. Then calculations of the image degrada-
tion, due to halftoning and printing errors, can be made.

> rl=conv2(A,r);

1
0.8
0.6
0.4

0.2

8.4 STEP 4: POST-FILTERING

40 If the purpose of the inverse halftoning is to rereproduce
the image, it will most probably require some kind of
post-filtering to reduce the printing noise. This filtering

Figure 8.1  Example of the Fourier transform of a spatial should be highly adaptive to the image characteristics,

kernel, created as described above. and knowledge about how the image is supposed to

look. The most convenient environment to perform

If the three resulting images are viewed they will mosthese operations in, is probably programs like Pho-

probably show remains of the non-dominant screen pateshop, or similar.

terns, and the moire effects. But even these peaks in the

Fourier spectrum will most likely have been much

reduced by this first filtering (compare figure 8.4 to fig-

ure 8.3). In fact they are reduced so much that th
remaining peaks can be adjusted for, selectively—w
do not need another low pass filtering.

-40 -40

8.3 STEP 3: ADJUSTING REMAINING
PEAKS

To adjust the remaining peaks, we, for each colour cha
nel, choose a representative part of the image, at the si
of, for example,256x 256 pixels. Working with the
whole image would be too computationally heavy.
Then we Fourier transform the three partitions, ang
thereby get three Fourier spectra. By visualizing thes
we can decide which annoying peaks still remains. B
studying the neighbourhoods of these peaks, we ce®
determine how a Fourier domain filter should be
designed to suppress them.
The image size is increased by adding zeros arou
the image, to a size where width as well as height afggyre 8.2 The scanned example image. This image is a
integer multiples of 256 (or another number, if a differ-printed colour halftone image. When reproduced here it is
ent size of reference area is chosen above). Then wealftoned a second time, which gives some additional moire.
partition the image into blocks of siZb6x 256 , Fou-
rier transform them, apply the filter as a multiplication
in the Fourier domain, and perform inverse transforma-
tion of the result. Finally we remove the pixels that we
added earlier (as zeros) by cropping the image. The rea-
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8.5 AN EXAMPLE pleasing to the eye this way. Since black was not domi-

) ) ) nant in any of the channels, we do not know what fre-
The easiest way to illustrate the method is to perform a&‘uency was used for this coldur

actual image reconstruction on a printed imagee Now three flat averaging kernels are constructed,

figure 8'2,)' The .|mag.e 'Sf scanneq onan AGFA Arcus I\Nith sizes and rotations as above. Each channel is spa-
scanner in 600pi, W_hICh Is the optical resolut!on of the tially convolved with its corresponding kernel with the
scanner, and 24 bits colour depth. For optimal reCOMNYatlab functionconv2 A partition of the output image

struction quality the image should be scanned at thgf the G channel is shown in figure 8.4. It is a good first
highest available optical resolution. Interpolated reso'”?esult but it still has small remains of the original

tion does not add any valuable information. screens.
The dominant screen frequencies and angles for the

three colour channelR, G, andB, are automatically
determined with the Matlab functigreaks from a par-
tition of the size256x 256 . In figure 8.3, th& channel

of this partition is shown. The partition should be cho
sen as a representative area, and it does not have to
the same area for the three channels.

Dominant

Figure 8.4  The partition from figure 8.3 filtered with
averaging kernel and its Fourier transform.

From the Fourier plot in figure 8.4, we can see how
effectively the dominant peaks have been removed from
the spectrum in figure 8.3. But still there are small peaks
= ) left from the moire and the non-dominant base peaks.
Figure 8.3  Partition of the G channel with its Fourier What is most important: the remaining peaks are almost
transform. Note that in this chapter the plots from the Fourier all reduced to one sample point in the spectrum. These
domain are cropped to gnly show the most interesting parts Ofpoints can now be removed properly by a simple Fourier
the spectrum around origo. . . . . . . .

filter. The filter is designed in the following way:

The estimated values are: e Again choose a representative area from the out-
« In theR channel the screen angle is P54nd put images from the previous step, of for exam-
the cell width 7.54 (pixels). ple 256x 256 pixels.
« In theG channel the screen angle is P48nd » Calculate the Fourier spectrum for the chosen
the cell width 7.54 (pixels). partition, in each of the three colour channels.
« In theB channel the screen angle is04nd the » Initiate the Fourier filter, by creating a matrix of
cell width 7.99 (pixels). the same size as the Fourier spectrum, and

assign all positions in the matrix to 1.
Since we know that the input image was scanned in 600

) Study the amplitude spectrum in the neighbour-
dpi we can now calculate the screen frequency:

hoods of the peaks, and decide how much they
600 _ 600 _ have to be suppressed to have about the same
754~ 79.58 799~ 75.09 [EQ8.1] amplitude as the environment. Assign the posi-
tion in the matrix corresponding to the peak

This means that the image is printed with cyan and coordinate an appropriate value between 0 and

magenta N abqut 8@, while yellow is qnly printed in 1. This process has not yet been automized, but
about 783pi. It is quite common to print yellow at a . .
. . that could be done quite easily.

lower frequency, since the images has proven to be more _

* Remember that for the matrix we must have
M(u, v) = M(—u, —v) . Otherwise the output
image will not be real—it will contain complex
numbers.

1. | have (randomly) chosen an image from the local newspa-
per Ostgota Correspondenten. The image shows the local
bandy player Roger Carlsson.

2. The functiorpeaksis developed for this project and the 3. Black is printed with the same screen frequency as cyan
code is available in appendix B. and magenta in this image. This is the standard solution.
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An example of the resulting matrix is shown in figureThe three channels are then added and saved as a stand-
8.5. Three filter matrices are created—one for each cokrd 24 bitRGBimage (see figure 8.7). It can then be
our channel. post-filtered in Photoshop to get an even better output
image. A comparison of the scanned image and the

. reconstruction can be found in appendix A.

| |
PR
N

o
oF
N

PO
\

Figure 8.5  Fourier filter to be multiplied with the spectrum
in figure 8.4, in order to get rid of the remaining peaks.

The image from step 2 is now partitioned into pieces o
the same size as the filter matrices (in this cas e
256x 256 pixels). If the image’s width and height are R
not integer multiples of the filter size, zeros are added :
the image borders, prior to the partitioning. The outpu

image for each colour channel is received by applying
the filter, to the Fourier transforms of all partitions. TheFigure 8.7 The output image before any further post-
whole channel image is filtered with the same filter. Thigllterlng. This should be a continuous tone colour image, but it
is done in Matlab with the functidftfilt*.

is here halftoned for reproduction.

8.6  WHAT ARE THE BENEFITS OF THIS
TECHNIQUE?

Today, to my knowledge, the only commercial available
techniques to perform inverse halftoning of colour
images is to use low pass filtering such as gaussian blur
in Photoshop, or use scanner producers algorithms, such
as AGFA's OpenlLook descreening.

Figure 80 Resuling image aterappying th fer nigure 114 ErOE e T o e e
8.5. The output image now lacks almost all remains of the o o
original screen patterns. of step 3, it is guaranteed that no trace of the original
screens remains in the reconstructed image.

4. Implemented for this project. Source code in appendix B.



CONCLUSIONS AND
SQUGGESTIONS

The original model from figure 1.1 on page 1 had to be If the printed image is scanned on a colour calibrated
adjusted because of the problem of performing some stanner it may be compared to the original scanned pho-
the steps. A modified approach (figure 9.1) was taketography, to get a mathematical model of the printing

and the result was pleasing. and halftoning processes.
Scannin
yad "o 9.2 SUGGESTIONS FOR FURTHER WORK
Halftone image . . .

_ | suggest that the method is fully automized and imple-

RGB-image mented as a plug-in filter to Photoshop. That may very

S h;lin\;grr]Sir?g well be a commercial product. The graphical industry

.T: now lacks a good way to perform inverse halftoning of

already printed colour halftones. As colour scanners and

, Channel printers become cheaper and cheaper, there will be a
addition great need for a product such as this on the private mar-
ket. The algorithms for inverse halftoning, that the scan-
ner producers deliver today, are not good enough.

Further, | suggest that the method is tested as a tool
for evaluating the halftoning and printing processes. In
this way, the newspaper producers could achieve a better
Figure 9.1  The modified model for inverse halftoning. knowledge of the distortion their colour images will be
exposed to. This way a better image quality in print
could be achieved.

More effort should be made to separate the four
A method for inverse halftoning of colour halftone printing colours in the printed image. In this way, the
images has been proposed and implemented in MatlaBGP based method for inverse halftoning could be used.
The resulting output images have no trace of the origindihat method produces sharper images than the linear fil-
screen pattern, and are percepted approximately as sh&@ping step in the my method, but is completely depend-
as the halftone images by the eye. ing on the fact that only one screen pattern is present in
each channel image.

=

2]

my

9.1 CONCLUSIONS

-39 —
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CHAPTER 9.

CONCLUSIONS AND SUGGESTIONS



|IMAGES

In this appendix some test images are reproduced in dye
diffusion techniquk yielding continuous tone images.
The dye diffusion prints are reproduced on special print-
ing films. Because of this, this appendix is only single
sided.

The used printer is a Seiko Professional ColorPoint I,
capable of printing 30dpi colour images with dye dif-
fusion. The output quality is almost as good as photo-
graphic originals. The copies should not be directly
exposed to sunlight.

1. Because it is so expensive printing in dye diffusion, not all
copies of this thesis include the colour prints.

—41 -
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Figure A.1  Images from chapter 5. (a) Original continuous tone image. (b) Binary halftone image, halftoned with threshold
halftoning. (c) Reconstruction with a proper sinc function. (d) Reconstruction with a sinc function, with too low limit frequency.
(e) Reconstruction with a gaussian low pass filter. (f) Reconstruction with a close to ideal low pass filter.
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Figure A.2  Images from chapter 8. (uppermost) Scanned newspaper image. Here enlarged three times. (lowest) Continuous ton
image, reconstructed as described in chapter 8.
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Figure A.3  Comparing different methods for inverse halftoning. (a) Scanned from newspaper image. Here enlarged two times.
(b) Reconstruction using AGFA’s OpenLook descreening. (c) Optimal reconstruction using Photoshop’s Gaussian Blur filter.
(d) Reconstruction using the method proposed in chapter 8.



MATLABCODE

This chapter contains some of the source code that wésnction [x,y,z]=lab2xyz(L,a,b)

implemented in Matlab 4.2¢ during the project. Matlap” LAB2XYZ Converting CIELAB colour space,
% to from XYZ tristimulus values.

Image Toolkit, Neural Network Toolkit, and Signalxon = 95.05:
Toolkit was available during the implementations. Yn = 100.00;
Zn = 108.89;
y = Yn*((L<8).*L/903.3 ...
+(L>=8).*((L+16)/116)."3);

Bl CONVERT'NG TOOLS ytemp = foo(y/Yn);
. X = Xn*(a/500+ytemp)."3;
function [x,y,z] = rgb2xyz(r,g,b) z = Zn*(ytemp-b/200).73;
% RGB2XYZ Converting from RGB [0,1], to XYZ
% tristimulus values.
[n,m] = size(r); function y = foo(x)
Q =[41.2453 35.7580 18.0423; ... % FOO Helping function used by XYZ2LAB
21.2671 71.5160 7.2169; ... % and LAB2XYZ.
1.9334 11.9193 95.0227]; y = (x<=0.008856).%(7.787*x+16/116) ...
Xyz = Q*[r(:);9(:)b(:)'T; +(x>0.008856).*x.2(1/3);

x = reshape(xyz(1,:),n,m);
y = reshape(xyz(2,:),n,m);
z = reshape(xyz(3,:),n,m);

function [r,g,b] = xyz2rgb(x,y,z)

% XYZ2RGB Converting from XYZ, to RGB [0,1]

% tristimulus values.

[n,m] = size(x);

Q =[0.03240479 -0.01537150 -0.00498535; ...
-0.00969256 0.01875992 0.00041556; ...
0.00055648 -0.00204043 0.01057311];

rgb = min(1,max(0,Q*[x(:)";y(:)3z(:)'N);

r = reshape(rgb(1,:),n,m);

g = reshape(rgb(2,:),n,m);

b = reshape(rgb(3,:),n,m);

function [L,a,b]=xyz2lab(x,y,z)

% XYZ2LAB Converting from XYZ tristimulus

% values, to CIELAB colour space.

Xn = 95.05;

Yn =100.00;

Zn = 108.89;

ylim = Yn*0.008856;

L = (y>ylim).*(116*(y/Yn).~(1/3)-16) ...
+(y<=ylim).*(903.3*y/Yn);

ytemp = foo(y/Yn)

a = 500*(foo(x/Xn)-ytemp);

b = 200*(ytemp-foo(z/Zn));

— 45—



46 APPENDIX B. MATLAB CODE

B.2 PARAMETER ESTIMATION n*uv2(1) -m*uv2(2)J/d;

| = (sqrt(A(1,1)"2+A(1,2)2) ...
function [A,l,fi]l=peaks(F) +sqrt(A(2,1)"2+A(2,2)"2))/2;
% PEAKS Calculates the dominant screen fi = atan2(A(1,2),A(1,1))*180/pi;

% vectors (A), the width of the screen else
% cell (1), and the screen angle (fi), disp(‘Unable to calculate the parametres.’)

% from the Fourier spectrum (F),

% received from the fft2 function.

N = 16;

[m,n] = size(F);
G = abs(F);

[Y,1] = sort(G(3));
B=1[

i=0;

fori=1:N
x=0;
y=0;
while (abs(x)<5 & abs(y)<5)
x = floor((I(m*n-j)-1)/m)+1;
y = I(m*n-j)-m*(x-1);
temp = gaussint(y,x,G);
x = temp(2);
y = temp(1);
if x<(n/2)
X = X-1;
else
X = X-n-1;
end
if y<(m/2)
y=1y;
else
y = 1+m-y;
end
j=i+L
end
B = [B:ly.xIl;
end

i=1;
uvl =[J;
while (i<=N)
if (B(i,1)<=0.1) & (B(i,2)>=-0.1)
uvl = [uvl;B(i,)];
end
i=i+1;
end

uv2 = [];

i=1

Q=15

while uv2==[] & j<=size(uvl,1)
i=1;
while i<=N & uv2==[]

if (B(i,1)>=-0.1) & (B(i,2)>=-0.1) & ...

abs(sum(B(i,:).*uvl(j,)))< ...

0.01*sum([B(i,:),uv1(j,:)]."2) & ...

abs(sum(B(i,:)."2)- ...
sum(uvi(j,:)."2))< ...
0.1*sum([B(i,:),uv1(j,:)].*2)

uv2 = B(i,:);
uvl = uvi(j,:);
end
i =i+1;
end
=i+

end

if size(uvl,1)==1 & size(uv2,1)==1
d = uvl(2)*uv2(1)-uv1(1)*uv2(2);
A = [-n*uv1(1l) m*uvl(2); ...

end

function A = gaussint(i,j,fftim)

% GAUSSINT Gaussian interpolation of
% actual local maximum in fftim,
% close to coordinate (i,j)

fi = abs(fftim(i,}));

if j==size(fftim,2)

a = log(fi/fabs(fftim(i,1)));
else

a = log(fi/fabs(fftim(i,j+1)));
end

if j::

b = log(fi/abs(fftim(i,size(fftim,2))));
else

b = log(fi/abs(fftim(i,j-1)));
end

if i==size(fftim,1)

¢ = log(fi/abs(fftim(1,j)));
else

¢ = log(fi/abs(fftim(i+1,))));
end

if i==

d = log(fi/abs(fftim(size(fftim,1),j)));
else

d = log(fi/abs(fftim(i-1,j)));
end

A = [i+(d-c)/(2*d+2*c),j+(b-a)/(2*b+2*a)];

B.3 FILTERING FUNCTIONS

function B=fftfilt(A,F)
% FFTFILT Application of the Fourier

% filter F, on the image A. The
% width and height of A must be
% integer multiples of the width
% and height of F.
[m,n] = size(A);
[k,1] = size(F);
B=1I
fori = 0:(m/k-1)

line =[];

for j = 0:(n/l-1)
line = [line,ifft2(fft2( ...
A((L+i*K): ((i+1)*k), ...
(3+7D):((G+1)*D))-*F):
end
B = [B;line];
end



ENGLISHSWVNEDISH
DICTIONARY

This is appendix is present to increase the understanddots per inch (dpi) Mattenhet for upplosning pa skarm
ing of this thesis, for the Swedish reader. Also, it is usesller papper. Antalet minsta byggstenar (punkter) som
ful to have Swedish translations of some of the Englistyms pa en tum.

terms, when discussing the topics of this thesis in Swed-

ish.
H

B Halftone image.Rastrerad bild eller rasterbild. En binar
bild som efterliknar utseendet hos originalbilden. Nar

Base peaksEorsta ordningens toppar. De stora topparnaasterbilden har tryckts och lases in igen sa ar den inte

i frekvensspektrumet som harror direkt fran rasterfrekkangre binar — den har tillforts brus och lagpassfiltrerats.

vensen. . . 2
Halftoning. Rastrering. Processen att framstélla en ras-

trerad bild frdn en kontinuerlig originalbild — pa svenska
C kallad halvtonsbild.

Clustered dotSamlad rasterpunkt. Trosklingsfunktio-
nen som rastrerar bilden ar uppbyggd sa att samtliga fat-

ade punkter i varje rastercell hanger samman (géller i . . .
9 b J 9 (9 .Inverse halftoning.Avrastrering eller derastrering. Pro-

lagfrekventa omraden i bilden). Traditionellt anvand i - . g ,
. . cess for att avlagsna rastermonstret och ta fram en bild

trycksaksindustrin. L. o . .
som i nagon mening liknar halvtonsbilden som var ori-

Continuous tone imageHalvtonsbild (jfr. Halftone ginal till den rastrerade bilden.

image). Inléast eller datorgenererad bild som inte ar

binar. Narliggande punkter har ofta narliggande féarg-

eller graskalevarde — fargen varierar kontinuerligt.

Lines per inch (Ipi).Matt pa rastertathet eller rasterfrek-
D vens. En dagstidning trycker normalt med omkring 85

Ipi medan en dyrare tidskrift med béattre papperskvalitet
Dispersed dotSpridd eller sprangd rasterpunkt. "Mot- anvander mellan 120 och 200 Ipi.

sats” till samlad rasterpunkt (Clustered dot). Ofta . .
i . . R p. ..( ) Look-up table halftoning (LUT halftoning).Tabellras-
anvand vid rastrering for bildskarmar.

trering. Rastreringsmetod dar man anvander sig av ett
Dot gain. Punktforstoring. Mekanisk eller optisk for- férutbestamt alfabet (en tabell) av byggstenar for att
vanskning av rasterpunktens form och storlek. skapa sin rasterbild.
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M Posterization.Reduktion av antalet farger eller graska-

lenivaer som resulterar i att mjuka toningar far tydliga
Misregistration. Misspass eller registerfel. De olika St€g (kvantiseringseffekt). En oonskad effekt som ofta
tryckplatarna ar ej korrekt centrerade 6ver varandraPPtrader nar man anvander for hog rastertathet pa en
Dagstidningar kan i extrema fall ha Gventmisspass. Skrivare med for lag upplosning.

Moire. Moiréeffekt eller interferensmonster. O6nskade
regelbundna lagfrekventa monster som uppstér da flei§
raster laggs ovanpa varandra.

Moire peaks.Moirétoppar. Toppar i Fourierspektrumet Screen, or screen patteriet regelbundna punkimons-

som har lagre frekvens an forsta ordningens toppar odRr som rasterbilden byggs upp av.

harrér fran moiréeffekten. Screen angleRastervinkel. Den vinkel som raster-
monstret ar vridet med.

O Screen frequencyRastertathet eller rasterfrekvens.
Frekvensen av rasterpunkter.

Orded dither.Rastreringsmetod som producerar regelgereen vectorsRastervektorer. Vektorer som definierar
bundna (periodiska) monster i rasterbilden. rastertathet och rastervinkelvinkel i tva dimensioner.

Orthographic. Ortografisk. En bild som ej ar utsatt for
skalning, rotation, skevning eller brus.

T

P Threshold halftoning. Troskelrastrering. Rastrering
med hjalp av en trosklingsfunktion eller trosklingsma-
Peaks.Toppar (i Fourierspektrumet). Starka frekvens-ris.

komponenter som harrdr fran rastreringen. Transition area.Overg&ngsomrade. Den mjuka over-

Pixels per inch (ppi)Mattenhet for upplosning i inlasta gfgmgen mellan rasterpunkt och omgivningen som bildas
bilder, det vill siga samplingsfrekvensen hos scannernpa grund av punktforstoringen.
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