PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 7.

HO04N 1/52 Al

(11) International Publication Number:

(43) International Publication Date: 21 September 2000 (21.09.00)

WO 00/56062

(21) International Application Number: PCT/NZ00/00029

(22) International Filing Date: 16 March 2000 (16.03.00)

(30) Priority Data:
334694
334695

NZ
NZ

16 March 1999 (16.03.99)
16 March 1999 (16.03.99)

(71) Applicant (for all designated States except US): MEGADOT
SYSTEMS LIMITED [NZ/NZ]; 3/61 Taranaki Street,
Wellington (NZ).

(72) Inventor; and
(75) Inventor/Applicant (for US only): ASHWORTH, William,
Frederick [NZ/NZ]; 67 Cashmere Avenue, Khandallah,

Wellington (NZ).

(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG,
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, DZ, EE,
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP,
KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA,
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU,
SD, SE, SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, UG,
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE,
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM,
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT,
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU,
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, CM,
GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of

amendments.

(74) Agents: CALHOUN, Douglas, C. et al; A. J. Park &

Son, Huddart Parker Building, 6th floor, P.O. Box 949,

Wellington 6015 (NZ).
(54) Title: IMPROVEMENTS RELATING TO HALFTONE PATTERNS
(57) Abstract

The patterns can be used to reduce one or more undesir-
able effects such as moire or colour shift in coloured halftone gy —— -
images. Colour screens in the images are based on a combina- i IS Y o ae o
tion of non—orthogonal mesh structures with parcels of printing j_,..&'.--r",-'” ' "_.,,'—— 1 .-k a8 ,‘,."&-f"'r !
dots which have common shape and size. Preferably the dots Fpi P ad B "_’H va
grow in mid tones by extending first towards their second, third s e on rAE ’.4'»'-""
or fourth nearest neighbours. sl 4-"_.;'«-—-"'“-*'. A o gl _"',,.r-ﬁ
o . ! g [




AL
AM
AT
AU
AZ
BA
BB
BE
BF
BG
BJ
BR
BY
CA
CF
CG
CH
CI
CcM
CN
Cu
CzZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cote d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Treland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
T
™
TR
TT
UA
UG
us
Uz
VN
YU
W

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

30

35

WO 00/56062 PCT/NZ00/00029

-1-
IMPROVEMENTS RELATING TO HALFTONE PATTERNS

FIELD OF THE INVENTION

This invention relates to halftone printing processes and in particular to patterns of
printing areas which may be used for preparing coloured images. These patterns
include arrangements of the printing and non-printing areas which reduce the
occurrence of moire and other effects in an image.

BACKGROUND TO THE INVENTION

Halftone processes suffer a number of problems including moire effects and colour
shift. Production of images using these processes involves a compromise between
the perceptible impact of different undesirable effects. Reference is made to US
5,680,222 from the present inventor, and also to Colour Screening Technology: A
Tutorial on the Basic Issues, The Seybold Report on Desktop Publishing, Vol 6,
No.3, October 1991, for background information on these effects.

Moire includes both large and small scale effects due to periodic alignment of the
halftone dots on a set of screens which are used to represent different colours and
black. The colours are typically determined by the CMYK (cyan, magenta, yellow,
black) system although various other separation systems are also used. Spurious
moire patterns including lines and rosettes have frustrated printers for many years
as indicated in the Seybold article mentioned above. Methods have been proposed
to reduce these effects with varying degrees of success in varying circumstances.

Colour shift occurs when the dots of different colour separations or black overlap
more or less than intended due to mis-registration of their respective patterns. For
example, cyan and magenta inks are relatively intense in relation to yellow ink, and
an increased overlap of the microscopic printing areas of one or other intense ink on
yellow ink can reduce the intended visual impact of the yellow. A slight
displacement of the halftone patterns, for example, or stretching of the medium on
which the coloured image is eventually printed, can create an overlap and cause an
inaccurate reproduction of the original colours.
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Traditional halftone patterns or screens are generally Aorthogonal@ in that the
printing areas are arranged in lines on a square or rectangular mesh . The Aprinting
areas@ are dots in light tones which link in various ways to become extended regions
in darker tones. A Ascreen@ is formed for each of the respective colours or black in
a selected colour system, and generally constitutes digital data for a computer-based
process. Different screens may take a similar format but with different spacing
between the lines of the mesh and a different angle of the lines from horizontal.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide patterns which can be used to
reduce one or more of the undesirable colour related effects in halftone images.
Accordingly the invention may broadly be said to consist in a combination of non-
orthogonal patterns with common parcels of printing areas amongst at least some of

the patterns.

In one aspect the invention may be said to consist in a screen system for use in
production of a coloured halftone image, wherein: a plurality of screens each
represent different colours or black in the image, each screen has a pattern of
printing areas which defines a minimum mesh, each pattern has a parcel of printing
areas which repeats throughout the respective screen, and two or more of the screens
have different non-orthogonal minimum meshes and have parcels which correspond

in shape and size.

In another aspect the invention may be said to consist in a method of preparing
halftone patterns for production of a coloured image, comprising: receiving
information representing colour and tone variation in an image, creating a plurality
of printing patterns which represent different colours or black in the image, forming
each pattern from variable printing areas which define respective meshes and
repeating parcels, at least two of the patterns having different non-orthogonal
minimum meshes and corresponding parcels which are substantially similar in shape

and size.
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Preferably each minimum mesh is formed by two sets of parallel lines which lie
along directions defined by equal shortest or shortest and next shortest distances

between the printing areas.
BRIEF DESCRIPTION OF THE DRAWINGS

Preferred embodiments of the invention will be described with respect to the
drawings, of which:

Figure 1 is a schematic diagram indicating a combination of computer-based
systems by which halftone processes may be implemented,

Figure 2 is a flowchart indicating general processes in which a halfione image
may be produced by scanning a recorded image,

Figure 3 is a flowchart indicating general processes by which a halftone
image may be produced by generating an image initially on a desktop computer
system,

Figure 4 is a flowchart indicating a general process for generating halftone
screens from image data in Figure 2 or 3,

Figures Sa to 5d are four halftone patterns having a common tone density and
different arrangements of printing areas,

Figures 6a to 6d are the four halftone patterns with each defining a non-
orthogonal mesh over the printing areas,

Figures 7a to 7d are the four patterns with each defining a non-orthogonal
mesh and a repeating parcel of printing areas,

Figures 8a to 8d are an alternative set of four patterns with each defining a
non-orthogonal mesh and a repeating parcel of printing areas, by way of further
example,

Figures 9a and 9b are combined patterns for Figures 6a, 6¢ and 6b, 6d
respectively,

Figures 10a to 10d are the four patterns of Figures 5a to 5d with extended
printing areas creating a darker tone,

Figures 11a and 11b are combined patterns and meshes for Figures 10a, 10c
and 10b, 10d respectively,

Figure 12 demonstrates the combined patterns and meshes of Figures 9a and

9b,
Figure 13 demonstrates the combined patterns of Figures 11a and 11b,
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Figures 14a, 14b, 14c, 14d demonstrate preferred growth patterns for dots in
a few selected cases,

Figures 15 and 16 are halftone cells which might be used in creating non-
orthogonal halftone patterns according to the invention, and

Figure 17 is a simplified threshold matrix for further explanation of the
processes and cells of Figures 4 and 15.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to the drawings it will be appreciated that the various novel patterns must
here be printed in black and white, and magnified by up to perhaps 1000x for the
purposes of a clear description. It is not possible to demonstrate their full advantage
under these circumstances. Also that the patterns and various shapes of the printing
and non-printing areas may be implemented by an appropriate mathematical
construction of a spot function or a threshold matrix, using a wide range of hardware
and software which are already available. a schematic indication of hardware and
software systems which are suitable for implementing the invention will be given,
but details are left to the skilled reader, with direction to the references given above.

Figure 1 indicates a highly schematic collection of computer-based or otherwise
computer controlled equipment which might be used in production of halftone
patterns and images, and in producing a result in printed form. a wide range of
equipment and software is currently in use or under development and these items are
shown by way of example only, for the purposes of explanation. That part of the
processing which relates most closely to the invention usually takes place in a
computer processor arrangement 10, which may be a separate item of equipment as
indicated, or part of a more general item such as a desktop computer 12. This item
generally has a main processor 18 and data storage capacity 17, and may also have
a dedicated processor 19 for high speed processing of image data. Halftone patterns
or screens 11 produced by the processor are indicated as physical forms 11 in the
CMYXK system, which might be film from an imagesetter or laser plotter 15 for
example, or printing plates for a press 16. Alternatively the screens may be
represented by computer data in a memory storage component such as a magnetic
disk. An original image may be input to the equipment in various ways, such as
from a photograph or other tangible artwork scanned by a digital scanner 14.
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Alternatively the original image may be created initially on a computer system such
as a personal computer terminal 12, perhaps part of a desktop publishing system
including a printer 13.

One traditional process for preparing a halftone image is outlined in Figure 2. An
original image is recorded in step 20, as a photograph for example, and scanned in
step 21. The resulting digital information is stored as pixel-based colour and
intensity data. Pixels are square or rectangular elements generally aligned with
vertical and horizontal directions of reference such as the directions of scanner
movement. The pixel information is then processed into a standard format such as
POSTSCRIPT in step 22. a wide variety of patterns and processes are then available
for conversion of the pixel data to halftone screen data, and details appropriate to a
particular image are selected by an operator in step 23. The conversion processes
take place in step 24 by way of a computer system 10 such as that indicated in Figure
1. The patterns are generally created from the pixel information by a raster image
processing program or RIP, which calculates the locations, spacings and shapes of
the halftone printing areas for each colour separation. An operator normally has a
range of standard patterns installed on the equipment and may be able to develop
variations of these patterns in some cases. Traditional calculations involve screen
frequencies and angles although more sophisticated equipment enables patterns to
be created without reference to these parameters. The operator is able to proof and
modify the selection of patterns to minimise various effects such as moire, colour
shift and tone jump according to the subsequent reproduction technique.

In Figure 2, a coloured image based on the halftone data can be output in various
ways, depending on the manner in which the image will be published and the
equipment which is available. The patterns may be produced on film in step 25 and
tested as proofs in step 26 which are inspected for defects such as moire. However,
alternative halftone patterns and processes may be selected in step 23. If the proofs
are acceptable, printing plates such as used in offset printing may be created in step
27 to enable a print run in step 28. Sometimes the plates are produced directly from
the halftone data, as indicated. In other processes such as desktop publishing an
image combining the patterns may be output directly without plates through a laser
printer or other printing device, as also indicated. Details of each of the various



10

15

20

25

30

35

WO 00/56062 PCT/NZ00/00029

-6-

items of equipment which might be used in these processes, such as those indicated

in Figure 1, are beyond the scope of this specification.

Figure 3 outlines an alternative and more direct process for generating and printing
halftone images. An original digital image is created in step 30 on a computer
device. The image data may be created using a graphics program and stored in a
format which is native to the device, such as a particular vector or bitmap format for
example. Parts of the image may also be imported from other sources such as clipart
or scanned photographs, when composing a desktop publication for example. In step
31 the native data is converted into a standard format such as POSTSCRIPT which
can be interpreted by an output device, such as local laser printer with a particular
resolution. The pixel data must generally be converted in step 32 into a form which
is appropriate for the particular printer. a device such as a laser printer uses a grid
for placement of coloured ink spots and the pixel data is generally rastered to match
this grid. a halftone pattern is selected either automatically or by an operator in step
33. aRIP or similar software then converts the pixel data into halftone data in step
34 which is stored in computer memory as part of the POSTSCRIPT information.
Copies of the original image may then be printed in step 35 or transferred elsewhere
from the stored data as required.

Figure 4 outlines the conversion process of steps 24 and 34, as generally carried out
by known RIP software. The process first receives pixel data including colour and
tone information in step 40. Each pixel includes data which enables determination
of a tone value for each of the colours in a chosen colour system, usually CMYK,
for a small area located at the point represented by the pixel in the coloured image.
The generation of a halftone screen for each of the colours produces a large amount
of data that may be stored in a common computer file or in separate files. This data
usually takes the form of binary on/off instructions in relation to the output grid of
a printing device. In steps 41 through 44 the pixel data is parsed for each of the
required colours to determine halftone screen data for that colour. Mathematical
constructs called spot functions or threshold matrices are used in step 42 to
determine the halftone patterns which have been selected for the colours, as will be
explained further below. Each pixel is compared with a threshold matrix for the
particular colour and binary data relating to the output grid of the particular printing
device is determined and stored in an appropriate computer file in step 43.
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Eventually the colour separation is complete and the halftone data can be stored or
output to the printer device in step 45 when required.

Figures 5a, 5b, 5¢, 5d show four halftone patterns which form parts of four different
colour screens according to the invention. They should be considered as patterns
viewed from horizontal with respect to an image, representing different colours or
black in a general sense, without limitation to screen related parameters such as dot
frequencies and angles. The patterns might represent cyan, magenta, yellow and
black in a four colour image generated by way of a halftone process such as outlined
in Figure 4. The printing areas in each pattern are composed of conventionally
shaped round dots which may grow in size and shape in various ways, and may join
in darker tones, according to variations in tone across the particular image. Other
dot shapes may also be used. a uniformly light tone is represented here by way of
example, and a similar pattern of non-printing areas would preferably but not
necessarily appear in darker tones. It will be appreciated that a wide range of
possible dot shapes and growths may be implemented in practice. It is primarily the
relative arrangement of at least some of the patterns in a set of screens that make up
an image which forms the subject of the invention.

Figures 6a, 6b, 6¢, 6d show the patterns of Figures 5a, 5b, 5S¢, 5d each with a
superimposed mesh formed by two sets of parallel lines which pass through the dots.
The meshes are Anon-orthogonal@ in that the sets of lines intersect at other than right
angles and are not perpendicular. Each mesh has a repeating unit which takes the
shape of an oblique parallelogram such as a rhombus with four equal length sides
or a rhomboid with two pairs of different length sides. The meshes are also
Aminimum@ in that the sides of each parallelogram are formed by the shortest or
second shortest distances measured between the centres of the dots. The repeating
unit may be either a rhombus with four shortest sides or a thomboid with two
shortest and two second shortest sides. a large number of meshes may be defined
for each pattern including both orthogonal and non-orthogonal lines. However, it
is believed that any pattern can have only a single minimum mesh of this kind. The
minimum mesh is not necessarily used in calculation of the pattern but will usually
be defined by consideration of a finished arrangement of printing areas determined

by some other process.
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Figures 7a, 7b, 7c, 7d show the patterns and meshes of Figures 6a, 6b, 6c, 6d each
with a further superimposed mesh of a different kind. These meshes are orthogonal
in this example, in that the two sets of parallel lines intersect at right angles, but may
also be non-orthogonal. Each mesh has a repeating unit or Aparcel@ of printing
areas which can take a more general range of parallelogram shapes including squares
as shown, or rectangles, rhombii, rhomboids and so on. Still other non-
parallelogram shapes which are able to repeat throughout a pattern may also be
considered. These meshes are clearly not minimum meshes in that their parcels
typically include a relatively large number of printing areas on each side, although
once again, a wide range of meshes having repeating parcels can be defined for a
particular pattern. It can be seen that the repeating parcels which are indicated in
each of these figures are substantially the same in size, shape and orientation for all

of the four patterns.

Figures 8a, 8b, 8c, 8d show four alternative halftone patterns which might also form
parts of four different colour screens according to the invention. Once again the
patterns each define an underlying non-orthogonal minimum mesh, and also another
mesh with repeating parcels which have a shape and size in common with at least
some of the other patterns. The parcels which are indicated in these figures will
coincide when the patterns are laid one on the other, although the particular meshes
need not have been drawn in this way. It is thought that the invention is best
performed when all of the screens which make up an image have a non-orthogonal
minimum mesh. Each minimum mesh is preferably but not necessarily different to
the others. Two meshes are regarded as different not only when the shapes of their
respective units are different, but also when the shapes are the same and the meshes
are simply rotated with respect to each other. The invention is also best performed
when all of the screens have a common repeating parcel of some kind. However, an
image in which a selection of two or more, rather than all of the screens meet these
requirements may also be visually acceptable.

Figures 9a and 9b demonstrate pairs of patterns in combination, by way of further
example, formed by superimposing the patterns of Figures 6a, 6¢ and 6b, 6d. They
could represent combinations of cyan, magenta and yellow, black. The visual aspect
of the combined patterns is somewhat deceptive in that the different colours have
different intensities when printed, with yellow being considerably less intense than
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black. However, it will be seen that the printing areas in these patterns have been
arranged in a way which reduces their overlap in light tones. The figures are also
deceptive in that the combination of non-orthogonal meshes can be interpreted as
two orthogonal meshes which the eye tends to favour. The arrangement has been
determined manually although a more rigorous computer based method might also
be used. It is generally impossible to eliminate all overlap throughout an image
because the printing areas will necessarily grow and overlap in darker tones, with
corresponding shrinkage and fragmentation of the non-printing areas.

Figures 10a, 10b, 10c, 10d show the patterns of Figures 5a, 5b, Sc, 5d with preferred
forms of dot growth in mid to darker tones. In general terms the printing areas of
each pattern become oval or lenticular shapes which enlarge first in an initial
direction as shown, and then in another. In each case however, the directions of
growth are preferably towards nearby printing areas, and preferably but not
necessarily differ between the patterns of a particular image. The areas of each
pattern therefore join in two distinct stages resulting from their growth in two
different directions. This reduces the effects of tone jump caused by physical effects
in the ink with which the patterns are eventually printed. The directions of growth
preferably lie along the second and more preferably the third or fourth shortest
distances between printing areas as shown. The third and fourth shortest distances
between printing areas are generally diagonals in the repeating unit of the minimum
mesh. Growth along the longest diagonal between neighbouring areas in a repeating
unit will often produce the best result. Growth along the shortest distance is
generally along one of the sides of the repeating unit and can produce undesirable
line aspects in the image. The second shortest distance can be either a line or a
diagonal depending on the particular mesh.

Figures 11a and 11b demonstrate pairs of patterns in combination showing their
initial directions of growth in the printing areas. They are taken from the patterns
of Figures 10a, 10c and 10b, 10d respectively and could for example, represent
combinations of cyan, magenta and yellow, black. For these particular combinations
of colours the areas preferably, but as usual not necessarily, grow in perpendicular

directions.
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Figures 12 and 13 are provided as an attempt to demonstrate the nature of an image
combining four patterns according to the invention. They are taken from the patterns
of Figures 9a, 9b and 11a, 11b respectively. An illusion of orthogonal meshes exists
as before. The absence of any significant moire effect is clearly seen although it is
impossible to indicate the absence of other colour effects. Reasonable mis-
registration of the patterns has not been observed to cause any significant colour
shift in these examples.

Figures 14a, 14b, 14c and 14d demonstrate preferred growth of printing areas in
light to mid tones and may be compared with Figures 10a, 10b, 10c and 10d. Figure
14a demonstrates growth along the third shortest distance between near
neighbouring dots on a non-orthogonal minimum mesh. Given that the repeating
unit of this mesh is a parallelogram with two equal sides this also demonstrates
growth along the longest distance in a repeating unit, namely the longest diagonal.
Figure 14a directly matches Figure 10a and on rotation matches Figure 10c. Figure
14b demonstrates growth along the fourth shortest but again the longest distance
between neighbouring dots. The repeating unit of the non-orthogonal mesh has
unequal sides. It matches Figure 10b and on rotation Figure 10d. Figure 14c¢
demonstrates growth along the second shortest distance for a repeat unit having two
equal sides, which 1s the shortest diagonal. Figure 14d demonstrates growth along
the second shortest distance for a repeat unit having unequal sides, which is now the
longest side rather than a diagonal. Dot growth considerations of this general kind
are useful in orthogonal meshes also.

Figures 15 and 16 show typical Acells@ which might be used in relation to the
process of Figure 4 to produce halftone patterns having non-orthogonal minimum
meshes. These cells relate to the patterns which are shown in Figures 8a to 8d, by
way of example. Larger cells could also be used such as the parcels themselves as
shown in Figures 7a to 7d. Each cell corresponds to a relatively small group of
pixels in the image data received in step 40 of Figure 4. They contain whole and
partial portions of printing areas, in the form of circular dots in this case which
might be present in light tones of a halftone image. Dots which lie on the sides and
corners of the cells are regarded as being shared with neighbouring cells so that there
are effectively two and six dots respectively in Figures 15 and 16 The proportion of
printing to non-printing areas in each cell relates to the tone or intensity of the
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particular colour at that point in the image. In practice the dots are composed of
many smaller spots which are formed by an output device such as a laser printer, and
would not have a perfectly circular periphery on close inspection. The halftone data
which makes up an image primarily comprises instructions for generation of these

spots.

Figure 17 provides a simple example of a hypothetical threshold matrix for purposes
of further explanation of the process in Figure 4. a matrix of this kind, although
generally much more extensive, may be used to determine which of the spots in the
halftone cells of a particular colour screen are required when an image is output.
The matrix for a particular colour determines the shape of the dots of that colour and
how they change to represent different levels of intensity for the colour in the image.
Each element in the matrix represents a printing spot in the output grid of a device
such as a laser printer. The matrix in this example could be used to determine a cell
such as shown in Figure 15, although given the limited number of Aspots@ the dots
would be far from the circular shape. Careful selection of the elements can be used
to determine the overall pattern of printing areas in a screen and how the shape of
the areas changes with tone. The content of the matrix may be prepared either
manually or according to a formula, and then stored for lookup when converting an
image from pixel to halftone data. Alternatively the formula, sometimes called a
spot function, could be used to calculate the content when required during the

conversion process.

In Figure 17 the elements of a particular matrix are assigned threshold values for
comparison with the tone of the particular colour of the group of pixels which
corresponds to each cell. The values are spread between a maximum tone in which
every spot would print, and a minimum tone in which none of the spots would print.
In this example, the maximum tone is represented by the value A35@ representing
a uniformly dark cell, and the minimum tone by the value AQ@ representing a
uniformly light cell. Suppose that this matrix had been created for the colour cyan,
and for a particular cell somewhere in an image undergoing conversion from pixel
data to halftone data, the tone for cyan was A5@. Only those spots having threshold
values less than or equal to AS@ would be required to represent the relatively light
tone at that point in the printed image. Halftone data for the cyan screen would be
stored for that cell indicating that only the centre and corner spots were required.
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The content of the cell would approximately resemble that of Figure 15, excépt that
the corner dots would be four times larger than the centre dots, given the effect of
neighbouring cells. a tone value of A8@ would produce a central dot having four
spots, in the shape of an inverted AT@, and so on for darker tones.

The explanation of a process for conversion of pixel data to halftone data is given
by way of example only. Various processes may be used to create patterns according
to the present invention. Threshold matrices used in these processes may be
extensive. a square matrix having 92x92 elements has been used for the cyan screen
in some tests. a rectangular matrix having 46x69 elements has been used for the
black screen. The repeating parcel has been a square of 276x276 elements.
Practical procedures are complex and varied as will be appreciated by a skilled

reader.
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CLAIMS:

1. A screen system for use in production of a coloured halftone image, wherein:
a plurality of screens each represent different colours or black in the image,
each screen has a pattern of printing areas which defines 2 minimum mesh,
each pattern has a parcel of printing areas which repeats throughout the

respective screen, and
two or more of the screens have different non-orthogonal minimum meshes

and have parcels which correspond in shape and size.

2. A system according to claim 1 wherein:
each minimum mesh is formed by two sets of parallel lines which lie along
directions defined by equal shortest or shortest and next shortest distances between

the printing areas.

3. A system according to claim 2 wherein:
at least two of the minimum meshes are non-orthogonal in that the two sets

of lines are not perpendicular.

4. A system according to claim 1 wherein:
the parcels which correspond between the two or more screens have a

parallelogram shape.

5. A system according to claim 1 wherein:
the parcels which correspond between the two or more screens have a

common orientation.

6. A system according to claim 1 wherein:
the parcels are formed according to an orthogonal mesh.

7. A system according to claim 1 wherein:
the printing areas in darker tones extend along next shortest or longer

distances between the areas.
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8. A method of preparing halftone patterns for production of a coloured image,
comprising:
receiving information representing colour and tone variation in an image,
creating a plurality of printing patterns which represent different colours or

black in the image,
forming each pattern from variable printing areas which define respective

meshes and repeating parcels,
at least two of the patterns having different non-orthogonal minimum meshes

and corresponding parcels which are substantially similar in shape and size.

9. A method according to claim 8 wherein:
the non-orthogonal meshes are each defined by two sets of parallel lines

which intersect at non-right angles.

10. A method according to claim 8 wherein:
the corresponding parcels are substantially similar in orientation.

11. A method according to claim 8 wherein:
the patterns each have different arrangements of printing areas within their

respective parcels.

12. A method according to claim 8 further comprising:
joining the printing areas in darker tones along directions of second shortest

or longer distances between the areas.

13. A pattern for a halftone image, wherein:
printing areas define a non-orthogonal minimum mesh and extend first with
darkening tone along directions other than those of their closest spacing.

14. A pattern according to claim 13 wherein:
the printing areas extend along the direction of second, third or fourth closest

spacing.

15. A pattern according to claim 13 wherein:
the printing areas have an oval shape.
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16. A screen system for use in production of a coloured halftone image, wherein:
a plurality of different screens each represent different colours or black in the
image,
each screen has a pattern of printing areas which defines a minimum mesh,
the minimum meshes of at least two screens are non-orthogonal and have
printing areas which extend to join first along directions other than that of their

closest spacing.

17. A screen system according to claim 16 wherein:
all of the screens have non-orthogonal meshes.

18. A method of preparing a halftone pattern, comprising:
receiving information representing tone variation in an image,
creating a pattern of printing areas which represents the variation by;
forming the pattern to define a non-orthogonal minimum mesh, and
varying the printing areas by extension toward nearby areas other than their

nearest neighbours.

19. A method according to claim 18 further comprising:
extending the printing areas toward their second or third nearest neighbours.

20.  Apparatus which implements a screen system or a method according to any

one of the preceding claims.

21. A halftone image produced by a screen system, a method or an apparatus
according to any one of the preceding claims.



WO 00/56062 PCT/NZ00/00029

=

13

- MAIN PROCESSOR
17
DATA STORE
SCREEN PROCESSOR {~— |
19

.................................................................

PLOTTER

OIOIOIONS

COLOUR PRINTING PRESS L —

1/14



PCT/NZ00/00029

WO 00/56062
20
RECORD ORIGINAL | —
IMAGE
v ;
GENERATE IMAGE /
SCAN IMAGE TO o1 DATA IN NATIVE
PRODUCE PIXEL |— FORMAT
DATA ¢
¢ CONVERT NATIVE /31
CONVERT PIXEL 22 DATA TF% RS’;/II;[\II'DARD
DATA TO STANDARD |—~
FORMAT ‘
¢ 32
CONVERT PIXEL
3 DATA FOR OUTPUT |—
2 GRID
SELECT OR MODIFY
\ HALFTONE PATTERN +— vL
¢ 24 SELECT HALFTONE | _— 33
CONVERT PIXEL PATTERN
DATA TO HALFTONE
DATA ¢
CONVERT PIXEL 34
¢ 25 DATA TO HALFTONE |—
DATA
OUTPUT PATTERNS
ON FILM ¢
26 ¢ PRINT COPIES OF
' IMAGE s
PREPARE PROOFS
v .
PRODUCE PRINTING FIGURE 3
> PLATES
¢ 28
PRINT COPIES OF
> IMAGE
FIGURE 2

2/14



WO 00/56062 PCT/NZ00/00029

40
\ INPUT PIXEL DATA

INCLUDING COLOUR AND
TONE INFORMATION

41 REPEAT FOR EACH
COLOUR ORBLACK  |¢——
SCREEN REQUIRED

I

COMPARE PIXEL DATA
42 1 WITH APPROPRIATE
THRESHOLD MATRIX

'

RECORD HALFTONE DATA
43 FOR PARTICULAR
SCREEN

NEXT SCREEN ? Y

44— N/
!

OUTPUT PRINT DATA
FOR COLOUR AND BLACK
45 _—] HALFTONE SCREENS

FIGURE 4

3/14



WO 00/56062 PCT/NZ00/00029

. .
- - .
« * s ° « * L T
. « ° . L
. . * L L T
. * I . * L Y
. * . * e ° L 2 |
',' « * . L 2
. * . * .« * L L T
. . " « ' P M
‘,0 « * . L S .
. ..- . * L S SO
.
L4 - ¢« s & 4« &
"- . * .'- . e, e »
» s * « ¢ L I I )
'.n . * .’- L T T
. "o .‘. L e L S T
. » * .
e * ° » * . " L 2 T T
* * ¢« * - . L e L N ™
. .
« * .c' ‘.' « o+ e s & & & a
. . . « .
.
. o+ . ® . * L
. * ." . * A L L N S Y T
s * P . o e s » 3 a e e
. ¢ - ' » ° Y
» s * . * L 2 L R 1
..o .o ..' L 2 T SO
. ‘_0 .‘n L T S
L4 ] . .
.« ! « ° .,' L L T T Y
. 3 [
v s " . L e
.
. e .'0 ‘.n L L S T
] . - P
.
e « °* .« " L 2 L
..t .« * . * e e e s e e e ey
. . N
.« " e * - s ey e s a e,
« °* . . ¢ L T
. .. " L T S
Y A - -
. - ... e
. . ‘. . - e
. . . . ., L e
. .o, . . ., - e e s e + « =
.« . .o o.. L T O
. -
v, . . L o L L L S D
. . ., L e s e = s 4 s
» -
* . v . LI . s e e s . e e s w
-, . » D
- . . . P T
» * . » -
LI LN . L L T T TS
» . * e L S
. Y . » N D
LI .o, . . L . T S P
., . ¢ . e 4 = s e e =
. » v . - hd
LN LI . o, P e e e e e e e e
- ».. LI . ¢ s e« e e e s
.
v“ LN . a4 a4 e e e e 4
.o, .-, t'. - e 8 e e e &«  a s
u.- * . ., = s e s &« = =
- - . -
‘. . ., L L L S
- .
. ". Q. LI L
. . - . . e 2 e e e e e s
-
. L LI . . L S Y
.« -.‘ ..- L
[ ‘.. . . s, = e s s s e e e e
»
¢ . . . . L O
. * . ., . v e e a4 s
. ., - . L
. - . . . ‘.‘ L S L T T B
. . ¢ . LI L T T S S )

FIGURE 5¢ FIGURE 5d

4/14



WO 00/56062 PCT/NZ00/00029

t

H 1 *
i S

FIGURE 6¢ FIGURE 6d

5/14



WO 00/56062

PCT/NZ00/00029

O
1]
T
N ' ' _QL-' v

i T ' | ¥ !
e el IR sy ol Iives o
eSS caunt o eens
T ] ;o L a pol 4

1 < ¥ ) -t
I e nd S e .
h [t ] V -
At ; -7 I = et
,_,.fw— ) ".I_ I _,J‘,_T‘_ i iyl ¢ _"4- i ’J—o JL_,_J
Lt T L .,
- K ! '.,—-f""r- ) + . ; "fﬂ N ¢ i

i 1 t
+
. ‘N‘m o
Ty L - R s |
N ' - L) 1 — o
1 t L i ) I~ ¢ | ‘*—— I
—.tb._?___.‘s_l V r ‘\—tﬂ "x“")’\" '.‘1

FIGURE 7c

6/14




WO 00/56062

&’&__ S

e
(ﬂfﬁ‘fg"%{i

5
( oy
>

3 ‘ \./ ji_"-:{ /‘\

2068
| §. 8.1

Ay ')'\: ™~ ’/ l ral /'t\’_;xk h
AR }'(.X C;:j W
L0.0.0.9.0.6.6.0.
0% %%
S99 0 0080000

50000

X W W
S5 9099000
L0090 00100090

Wi w
( | ¢
N\ s.( X \

P aNiaital

) 9. 0.0
% X

W

K

'f-
ot

LS
L

{ \
DO

FIGURE 8c

714

PCT/NZ00/00029

FIGURE 8d




WO 00/56062 PCT/NZ00/00029

HJ’*’N;IT“--,".“,:.,;”. ‘I’

’._5}— ~ gl W b "

T %
Vol p ! )i

1 - l""-HII l'( y “ﬁ [ |; . "l

e SRS gE SRt gran

s 'fin—“ Hh . f“l .o'-'-— i 1Y ‘\'?N_'ﬁ'

1*"%-&‘.. .I

e i ,
o _q.—-*-ﬁ |~ Y ;-ﬁ&_ T ,. 1
‘ M-"L‘ "vhi_.-‘" 'k.:

FIGURE 9a FIGURE 9b

8/14



PCT/NZ00/00029

WO 00/56062

W e g i i~ o e
""n""’..
T N R AR A i e I A et
T RS . e R D i G- i -y
B AR —OR- i A R ANy i -
e i et S SN——
B s . . A S A A il -y
. P - AR A - G- G-~ -
-*’a‘l"'""
'n"-"”‘ll
- - - - . - . - - -
i e i IR IR S e —
B e e A A A A g
. iy A R - AR - - -
¢ R Aier. u- G A T T - W
W . ey - - - . A - vy
T - - A -~ A - - -
v S R A R -SE- - -~ -
- e Y- - A A Y . A
“""ill'b’.
Bl i U —
B S - A - i A . SR
- < R A s A i i g
v - A O - - - -~ . -~
T - S A R~ " i ——
- . - N A M- R N . <
Mmncastiie ol IR T R pp—

N L | ——  — ————..  ar— ——  —n—. it

AR R L TR L R
N
A
i
///////////////,
RN NN
aanminnnmm
NREERRRTRRRRRNRN
NRLURRRERRMRTNRNNG
nlhiinin
AR
N ,////V.//// . .//.//

FIGURE 10a

FIGURE 10d

FIGURE 10c

9/14



WO 00/56062 PCT/NZ00/00029

kg
e e

TR eEILH]

AL AR NN ARINE

SRRCIITLX, P gy
SRXIRIERIEXR  FFGFRFE
RN FaFaFnF TP Fo .
CRORERER  FL e
(ISP SICI L i T
ST LS T T T

FIGURE 11a FIGURE 11b

10/14



WO 00/56062 PCT/NZ00/00029

i\‘#“i‘\‘ "f“'\?"/ \\‘v . "“ WETL N AV PV e
BRI AT PR

DN =‘ SR
od b"’ -"4 ]
ONAR AR A PR JOR R

)'& ' ‘ y ‘ ’ o i"»;.

21 Y LD = & 2 “" Y Y N

SNS O % a‘,‘\‘..‘?{ PN\ Kt
WG R0 = S T = = e

-4

t“!\"."“‘ i&!"\ » § X p = o’ RPN
PR TR W S
T S P L P L
RN *“ "' TSRS o AR
S A A Do
\\‘(".! “‘“"/ q)'.s "'a"“ ""'s"’;
ST VR ‘-.!; TR .“-_,‘ ,r\;', X
AN

" Vo2 “\" ‘5\‘ A o
" .\ “" "‘ ;"f “ A “’,: “‘\."}P
AN SV i S A

‘9‘\

\ <3 ‘ ‘ X \Y "‘ 7 “‘ A >
‘."\" ‘”‘,‘;4\‘ ‘i" “ "; & ‘ “Q"""‘Sﬂ?;:&fc\"ﬂs
‘ p:, & “&n .»' ‘v‘ !,"‘ ‘\v ' “\"'f‘? X
!‘ “ " et ‘ “’ ‘A\ ‘ l‘\

3 q;,.r,.,., B it N
U ﬁ V2 ..z';i!,‘i;,'é':» \’0‘ "’ " '%'.-'

FIGURE 12

11/14



WO 00/56062 PCT/NZ00/00029

wge > &

FIGURE 13

12/14



WO 00/56062 PCT/NZ00/00029

FIGURE 14a FIGURE 14b

FIGURE 14c FIGURE 14d

13/14



WO 00/56062

PCT/NZ00/00029

> o9
*—o e ® o
o ‘ )

@ ® : ® ;

FIGURE 15 FIGURE 16

4 |16 |28 |33 |26 |11 ] 3

1224 (20| 7 |19 |23 |15

311358 | 1|6 |34]30 FIGURE 17

17 125(21| 9 |18 (22|10

5 [13 |27 |32 |29 |14 |2

14/14



INTERNATIONAL SEARCH REPORT

Int .ational Application No

PCT/NZ 00/00029

A. CLASSIFICATION OF SUBJECT MATTER
IPC 7 HO4N1/52

According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC 7  HO4N

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are inciuded in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

5 June 1974 (1974-06-05)
page 1, line 35 - line 48

abstract; figures 2-4

page 2, line 4 - line 59; figures 1-6

column 1, Tine 46 -column 2, line 16

X GB 1 355 540 A (HELL RUDOLF DR ING GMBH) 1-21

A US 5 687 005 A (FISCHER GERHARD ET AL) 1-21
11 November 1997 (1997-11-11)

US 4 149 194 A (HOLLADAY THOMAS M)

11 December 1996 (1996-12-11)

A 1-21
10 April 1979 (1979-04-10)
abstract; figure 1
column 1, Tine 55 - line 65

A EP 0 748 109 A (BAYER AG) 1-21

abstract; figures 1-16

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

> Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the internationat
filing date

“L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an orat disclosure, use, exhibition or
other means

"P" document pubiished prior to the international filing date but
later than the priority date claimed

“T" later document published after the international filing date
or priority date and not in conflict with the appiication but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novei or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu—
ments, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

31 July 2000

Date of mailing of the international search repornt

08/08/2000

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,
Fax: (+31-70) 340-3016

Authorized officer

Kassow, H

Form PCT/ISA/210 (second shaeet) (July 1992)

page 1 of 2




INTERNATIONAL SEARCH REPORT

Inte .ational Application No

PCT/NZ 00/00029

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

10 January 1995 (1995-01-10)
abstract; figures 4-9

Category * | Citation of document, with indication,where appropriate, of the relevant passages Relevant to claim No.
A EP 0 805 586 A (DAINIPPON SCREEN MFG) 1-21
5 November 1997 (1997-11-05)
abstract; figures 1-28
A US 5 455 682 A (IKUTA KUNIO) 1-21
3 October 1995 (1995-10-03)
abstract; figures 1-18
A US 5 381 247 A (HAINS CHARLES M) 1-21

Form PCT/ISA/210 (continuation of second sheet) (July 1992)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Int. .ationai Application No

PCT/NZ 00/00029

Information on patent family members

8002086 A

Patent document Publication Patent family Publication
cited in search report date member(s) date
GB 1355540 A 05-06-1974 DE 2012728 A 30-09-1971
FR 2084832 A 17-12-1971
JP 53005561 B 28-02-1978
SuU 682160 A 25-08-1979
us 4084183 A 11-04-1978
US 5687005 A 11-11-1997 DE 4339281 A 24-05-1995
US 4149194 A 10-04-1979 CA 1114746 A 22-12-1981
DE 2829768 A 25-01-1979
FR 2397113 A 02-02-1979
GB 1602557 A 11-11-1981
JP 54018303 A 10-02-1979
NL 7807365 A 09-01-1979
EP 0748109 A 11-12-1996 us 5155599 A 13-10-1992
DE 9218864 U 11-01-1996
DE 69219527 D 12-06-1997
DE 69219527 T 02-01-1998
EP 0525520 A 03-02-1993
JP 5257268 A 08-10-1993
EP 0805586 A 05-11-1997 JP 9297393 A 18-11-1997
US 5455682 A 03-10-1995 JP 2791527 B 27-08-1998
JP 6046275 A 18-02-1994
US 5381247 A 10-01-1995 EP 0681395 A 08-11-1995
JP 3001396 B 24-01-2000
JP

09-01-1996

Form PCT/ISA/210 (patent family annex) {July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

