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(7) ABSTRACT

A system (48) and an associate method for soft proofing
image (69) before print, a system (48) comprise the image
(69) being displayed at a desired scale and resolution (202)
such that potential artifacts can be detected before the “hard
copy” is printed. One non-limiting example of an artifact
which can be detected with embodiments of the present
invention is Moiré effects.
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DISPLAY FOR SIMULATION OF PRINTED
MATERIAL

FIELD OF THE INVENTION

[0001] The present invention relates to the display of
printed material on electronic monitors, more specifically to
such display in an accurate manner.

BACKGROUND OF THE INVENTION

[0002] Section 1: Halftone Printing

[0003] Printing typically involves repetitive transfer of ink
from a master onto a medium (e.g., paper, cardboard or other
physical surface). For color reproduction, four types of inks
are typically used, Cyan (C), Magenta (M), Yellow (Y) and
Black (K), although of course other types of ink systems can
also be used. Many applications, e.g books and other texts,
use only black ink. Inks or dyes applied in printing behave
as filters that pass only part of the light spectrum hitting the
medium and inks. The light incident on the paper is spec-
trally filtered by the ink layer and reflected back by the
medium towards the observer. Each of the primary inks
blocks its complementary color, such that in the case of
typical inks C passes the green and blue portions of the
spectrum and blocks the red portion, M passes the red and
blue portions and blocks the green portion and Y passes the
red and green portions and blocks the blue portion. Black ink
typically blocks the entire spectral range. Thus, upon reflec-
tion from the medium surface only part of the spectrum
arrives to the eye of the viewer creating the sensation of a
certain color. This method of color reproduction is termed
subtractive color mixing. The term “subtractive” refers to
the creation of color by removing a portion of the spectrum
of light transmitted to the eye.

[0004] Printing methods are typically binary in nature,
namely an ink layer of a uniform, unvarying thickness is
either present or absent on the paper surface in certain areas;
these areas may be termed “printing dots”. Only two levels
of the ink color exist: full ink or bare paper. This limits the
amount of colors that can be presented by the inks and their
overlaps, and furthermore does not allow for gradations. To
obtain “gray levels” for each of the inks, halftone printing
may be used. The paper is typically divided by a virtual grid
into printing dots. The area of each printing dot is partially
or fully covered with ink. The relative area covered by ink
is known as the dot area or dot percentage (dot %).

[0005] In other print methods, e.g. ink-jet printing, the ink
layer thickness is not binary. Nevertheless, the number of
gradation levels may be rather limited and halftoning may be
used to increase the effective number of levels, and to obtain
smoother color transitions.

[0006] The blocking characteristics of the ink layer are
measured by the ink density, which may be considered the
negative logarithm of the transmission in the blocking
region of the spectrum of the relevant ink. Higher ink
density implies more saturated ink color. If the paper is only
partially covered with ink, the apparent density is lower than
the density of a solid ink layer, and the color is brighter and
less saturated. For example, consider a cyan ink which
passes the blue and green components of the spectrum and
blocks the red component. The cyan solid ink density is the
amount of the red component passing through a full cover-
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age cyan layer. If there are small dots of cyan on paper,
which are small enough to be below the eye resolution at
typical reading distance, the paper has a pale cyan tint (a
“gray level” or gradation of cyan). The apparent density of
this tint is lower than that of a solid cyan layer because more
of the red component of the white spectrum is received by
the eye, since a large amount of the red component of the
light is received from the uncovered areas of the paper
(assuming a white paper medium). If the density of the tint
area is defined in a similar manner as that of the density of
the inks, there is a relationship between the tint density, the
solid ink density, and the relative area of inked paper to the
relative area of non-inked paper.

[0007] In practice, the halftone printing method is imple-
mented with an imaginary square grid, dense enough so that
the eye typically cannot perceive it from normal viewing
distance, dividing the surface of the printing plate. Each
elementary cell of this grid is meant to contain a printing dot.
The grid reciprocal period (spatial frequency) is called a
mesh or raster, and is typically in the range of 60-200 LPI
(lines per inch), equivalent to 2.4-7.9 lines per millimeter
(for commercial printing); other dimensions can be used.
The apparent density is obtained by partial coverage of the
area of the printing dot with ink. For the highest density all
the area is covered with ink (100% dot area). For zero
density the area is not covered by ink (0% dot area).

[0008] Each of the inks is layered according to its virtual
grid. When examining the printed paper at the usual viewing
distance, the impression of color is achieved. However,
looking at the printed paper through a magnifying glass
resolves a delicate arrangement of dots in the original
primary colors, and overlap regions of colors. This can be
seen in FIG. 1, showing a full scale sample image and a
magnified region of that image, in which the dot structure is
revealed. The elementary colors, seen through the magni-
fying glass, include the four inks CMYK, the three overlaps
between two inks each typically producing Red (overlap of
M and Y), Green (overlap of C and Y) and Blue (overlap of
C and M), and the white color of the typical paper medium.
Overlap of CMY produces a black color, and any overlap of
C, M or Y with black also produces black (K). In practice,
pure black may not be produced by CMY alone for various
reasons, but in most cases CMY can be treated as black.
Thus, the total effective number of elementary colors is
seven, CMY RGB and white/black (white/black is the same
color at different brightness levels). Since the CMY RGB
and white/black dots are typically not discernible to an
unaided eye at the intended difference, the eye integrates
(additively) the light reflected back from these colors, cre-
ating the sensation of color. Halftone printing may also be
used to produce images having only black and white (and
shades of gray).

[0009] Section 2: Screen and the Moiré Effect

[0010] The screening process converts the original image
density to printing dot shape and size. In recent years
screening has been performed digitally. The apparent den-
sities of the image picture elements (pets) are stored (in
terms of dot area) in a digital file containing, for example,
CMYK data. Of course, the screening process, and the
halftone printing process, may be used with files having
other color formats, and with files representing black and
white images. Typical tone-depth is 8 bit/separation, repre-
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senting 256 “gray” levels, although other data formats may
be used. A value of zero corresponds to zero coverage of the
relevant ink, while a value of 255 corresponds to a full
coverage of the relevant ink in the printing dot. The screen-
ing process transforms those 256 levels into a bi-level
format (one bit data) representing a large number of covered/
uncovered spots which are portions of the printing dot. Each
printing dot is projected on a matrix of higher resolution than
the resolution of the printing dots (determined by the reso-
lution of the plate setter, typically 100 spots/mm), and the
spots of this higher density matrix are set on or off according
to the required apparent density. Thus each printing dot in
the mesh of printing dots is itself represented by a higher
density matrix of spots. This is shown in FIG. 2, depicting
two sample circular dots of different areas created by expos-
ing certain spots inside an area representing a printing dot.
The screened file is a raster bitmap (two-level data) of the
image data file after it has been converted according to the
procedure described above, where each bit corresponds to
the on/off condition of a spot. One screened file may exist for
each dye; alternately the data may be combined into one file.

[0011] The binary screened file is exposed on the CMYK
plates. As a result of the screening process each plate is a
periodic grid of printing dots, with a periodicity determined
by the mesh. Each printing dot is formed by spots. During
printing, plates are impressed on paper, and one or more
grids (of the different separations/inks) are laid one on top of
another.

[0012] If the overlap of more than one grid is not perfect
a Moiré pattern may appear. A Moiré pattern is an artificial
periodic structure visible to the naked eye, which is created
by the interference of two or more periodic patterns, as
shown in FIG. 5. The Moiré pattern is a periodic structure
of darker and brighter regions (the brighter regions of the
Moiré pattern are marked by arrows in FIG. 5) that are
clearly visible by the observer. If a Moiré pattern appears in
a reproduction (e.g., printed or other material) based on an
original image, the viewer at the appropriate distance may
see a pattern in the reproduction that does not exist in the
original. To minimize these patterns, the multiple grids may
be placed at certain angles, for example having 30° between
each pair of separations. However, full elimination of the
Moiré effect may not be possible, since in one implemen-
tation there are a certain number (for example four) sepa-
rations and only 90° to spread them. As a result, one of the
separations, usually yellow, may be placed at 15° with
respect to other separation, giving rise to a pattern in certain
colors. Other factors may cause Moiré effects. Another
source of Moiré patterns can result from interference
between the screen of the printing dot and a periodic pattern
existing in the image (e.g., a striped shirt or other regular
pattern) or other artifacts on the image. Other visible arti-
facts may appear in a reproduction that are not in the original
image; for example blocking, overexposure, or rosettes.

[0013] Section 3: Proofing of Printed Material on Elec-
tronic Devices

[0014] Proofing involves the creation of an accurate appar-
ent match between an original representation of an image
(for example, a photograph) and a reproduction of the image
(for example, a halftone printed version of the photograph
meant for mass distribution). Originals may be, for example,
pictorial slides, which are analog in nature; however other
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types of originals may be proofed. Originals typically have
a very high spatial resolution, and therefore can typically be
considered continuous. Furthermore, their density gradation
varies also continuously. In the age of digital information
most of the reproduction process is done digitally. The
original is scanned to obtain a file containing the color data
(when color images are considered). For example, a typical
scanning may result in a file containing RGB values. The file
is typically converted to CMYK separations, and plates are
created, which are installed on a press for print. To obtain
color consistency, proofs are produced and examined in
various stages of the process, to assure that each step is color
consistent with its previous step. In many cases, a proof
representing the halftone print is also prepared, to check for
errors in the screening process, or to examine for interfer-
ence between the screen spatial frequencies and periodic
structures in the image, that might result in Moiré or other
artifacts.

[0015] Proofing usually includes printing a “hard proof”
on paper (or other substrate) using the same films that are
later used for plate making for printing the final version of
the physical material. This paper “hard proof™ is sent to the
customer and/or designer for approval. If a Moiré pattern or
other defect is detected manually (by visual inspection with
a naked eye), films are prepared again and the process is
repeated. In many cases such a screening proof is not made,
and such an error is detected only on the final prints,
resulting in a major loss of time and increased cost.

[0016] This manual procedure limits the advantages of
digital workflow. The need for an accurate digital “soft
proof” on an electronic display is clear.

[0017] Currently available soft proofing devices enable
designers and pre-press personnel to view the works on a
computational device such as a personal computer or work-
station displays (usually based on Cathode Ray Tubes, or
CRTs), while the final product is a printed image on paper.
However, these background art devices do not overcome
inherent deficiencies for digital print proofing, and in par-
ticular cannot accurately replicate, and hence enable the
designer and pre-press personnel to detect, such defects and
artifacts as Moiré patterns.

[0018] As previously described, Moiré patterns of certain
periodicity are highly visible and disturb the image percep-
tion. They are difficult to predict, since they involve the
human perception of low-frequency beats resulting from
interference of the screen spatial frequencies (sometimes
with the image spatial frequencies). Even if the different beat
frequencies might be predicted, their visibility depends on
the perception of the eye, which is influenced by the color,
brightness, and the surroundings. In practice, Moiré patterns
are detected by analog simulation of the print process
involving the creation of an image on paper in a similar
manner to printing. This “hard” screening-proof method is
currently cumbersome, time consuming, inefficient and
expensive. A soft proof of screening on an electronic digital
display would allow better connectivity to the digital work-
flow, which is increasingly penetrating the printing industry.
However, an effective method for soft screen proofing is not
yet available.

[0019] Conventional display devices based on cathode ray
tubes, plasma screens, or liquid crystal flat panel devices
cannot reproduce the details of a print image sufficiently
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such that print effects are visible to human viewers. One
reason is that the size of the pixels is fixed and is relatively
large compared to the printing dots and spots of the print
process. Furthermore, to present color, each pixel may be
combined from a set of red, green and blue sub-pixels. Color
is achieved by integration of light coming from neighboring
sub-pixels. The display sub-pixel grid cannot typically
reproduce the overlapping effect of the grids of the different
separations (of CMYK inks), since color presentation in
these devices is inconsistent with halftone presentation.

[0020] Therefore, there is an unmet need for a device,
system and a method for accurate electronic display of an
image to be printed in order to provide soft proofing of an
image before being printed, particularly for detection of
potential artifacts.

SUMMARY OF THE INVENTION

[0021] An embodiment of the present invention provides
a device, system and a method for soft proofing of an image,
such as a halftone image, before it is printed onto printed
material, such that the image is displayed to the user
proofing the image at a desired scale and resolution, and
such that potential artifacts can be detected before the “hard
copy” is printed. Artifacts which can be detected with an
embodiment of the present invention are, for example,
Moiré effects. The image is typically presented correctly
scaled without significant distortion. Certain embodiments
utilize a digital projection display.

[0022] One embodiment of the present invention provides
a device, system and a method for soft proofing an image
before it is printed onto printed material, such that the image
is displayed to the user proofing the image at the desired
scale and resolution, and such that potential artifacts can be
detected before the “hard copy” is printed. One non-limiting
example of an artifact which can be reproduced and detected
with embodiments of the present invention is Moiré effects.
Various embodiments of the system and method of the
present invention may be used with displays having a set of
conventional primaries (e.g., three primaries), and in addi-
tion with displays using other primary colors. Embodiments
of the system and method of the present invention may be
used to proof black and white images, and may include
displays not displaying color and displaying only black and
white (and possibly gray).

[0023] According to embodiments of the present inven-
tion, provided herein is a method for soft proofing of an
image before being printed onto printed material, compris-
ing the steps of: (a) providing a display device for displaying
the image; and (b) adjusting scale and resolution of the
image for display on the display device to detect a potential
artifact before the image is printed on the printed material.

[0024] One embodiment to the present invention is a
method for displaying an image comprising: (a) providing a
display device for displaying the image; and (b) adjusting
scale and resolution of the image for display on the display
device so that the provided image may display existing
artifacts before the image is printed on the printed material.
In a further embodiment the potential artifact is a Moiré
effect.

[0025] In a further embodiment, the image is provided in
an image file comprising a plurality of bits, and step (b)
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further comprises: (i) determining a scaling ratio for scaling
the plurality of bits according to a resolution of the printed
material; (ii) calculating a number of bits to be read from the
file according to a display area of the display device and the
scaling ratio; (iii) loading the number of bits to the display
device; and (iv) adjusting the optical zoom according to the
resolution.

[0026] The display device may comprise, for example, a
projection-based display device. In further embodiments,
the projection-based display device comprises: (i) a light
source for producing light of at least four primary colors; (ii)
a converter for converting the image data to at least one of
the at least four primary colors according to at least one
characteristic of the printed material to form converted data;
(iii) a controller for determining a combination of at least
one of the at least four primary colors according to the
converted data for production by the light source; (iv) a
projector for projecting light of the at least four primary
colors according to the combination; and (v) a viewing
screen for displaying the projected light. The light source
may comprise, for example: (1) a polychromatic source; and
(2) at least four color filters, each color filter corresponding
to a primary color for filtering polychromatic light from the
polychromatic source to produce light of the at least four
primary colors. The projector may further comprise a pixi-
lation device such as a spatial light modulator for determin-
ing a path of light of each primary color. The projector may
spatially alter a path of light of each primary color for
projection onto the viewing screen. The projector may
determine projection of light of each primary color accord-
ing to a temporal sequence.

[0027] In further embodiments, the projection-based dis-
play device comprises: (i) a light source; (ii) a projector for
projecting light of one or more primary colors according to
input data (which may or may not need conversion); and (iii)
a viewing screen. Such a display may be monochrome or
may include multiple primaries. The display device may
further comprise, for example, a converter for converting
input image data to a set of primary colors according to at
least one characteristic of the printed material to form
converted data; a controller for determining a combination
of at least one of the primary colors according to the
converted data for production by the light source; a projector
for projecting light of the at primary colors according to the
combination; and a viewing screen for displaying the pro-
jected light.

[0028] In a further embodiment, the light source further
comprises: (3) a color wheel for holding the color filters; and
(4) a motor for rotating the color wheel.

[0029] In a further embodiment, pixilation device is
selected from the group consisting of a binary modulation
type and a continuous modulation type.

[0030] The pixilation device may be, for example, a
DMD, FLC, quantum well modulator, electro-optical modu-
lator, LCD, electro-optical modulator or magneto-optical
modulator. Other suitable pixilation device may be used.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The invention is herein described, by way of
example only, with reference to the accompanying drawings,
wherein:
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[0032] FIG. 1 shows a full scale sample image and a
magnified region of that image, in which the dot structure is
revealed;

[0033] FIG. 2 depicts two sample circular dots of different
areas created by exposing certain spots inside an area
representing a printing dot;

[0034] FIG. 3 illustrates a sample data flow used in a
system and method according to one embodiment of the
invention

[0035] FIG. 4 illustrates an additional sample data flow
used in a system and method according to an embodiment of
the invention;

[0036] FIG. 5 is an example of a Moiré pattern created by
two linear periodic grids;

[0037] FIG. 6 depicts an image displayed by an embodi-
ment of the invention;

[0038] FIGS. 7A and 7B are schematic block diagrams of
a display device and system according to embodiments of
the present invention; and

[0039] FIG. 8 is a flowchart of a method according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0040] Various aspects of the present invention are
described herein. For purposes of explanation, specific con-
figurations and details are set forth in order to provide a
thorough understanding of the present invention. However,
it will also be apparent to one skilled in the art that the
present invention may be practiced without the specific
details presented herein. Furthermore, well known features
may be omitted or simplified in order not to obscure the
present invention.

[0041] For print proofing allowing for human perception
of certain print effects, an accurate representation of the
screened image should be presented, which is as similar as
possible to the appearance of the image when printed as a
“hard copy” onto paper or other physical medium. It is
desirable but not necessary that the electronically displayed
image should have the same length scale as the printed
image (in the sense that, e.g., 1 cm or 1 inch on the printed
image in any direction is translated to 1 cm or 1 inch in the
displayed image), such that the physical dimensions of the
original are substantially identical (wherein substantially
identical includes identical) to the physical dimensions of
the image on the monitor. The appearance to the user of the
scale of the mesh and the total size of the image should
therefore be substantially identical for both the printed and
electronically displayed versions of the image. Furthermore,
it is desirable (but not necessary) that the resolution of the
displayed and printed image is the same. By having both
resolution and length scale of the displayed and printed
images the same or similar, we ensure that the “geometrical”
effects are substantially identical.

[0042] Since the angles of the different grids and their
meshes are parameters of the screen process, and the
screened bitmap file is a digital representation of the
screened image, the simplest way to present a screened
image file on a display is to map each bit (representing a spot
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in the printed image) from the file to a respective pixel on the
display. Then, if the size of a pixel is identical to the size of
a spot in the printing image, both resolution and length scale
of the displayed image are identical to that of the printed
image.

[0043] However, there are two problems with such an
overly simplistic approach, associated with the structure of
common electronic display devices. Display devices based
on cathode ray tubes, plasma screens, or liquid crystal flat
panel devices typically have a fixed pixilation at the hard-
ware level of the display screen itself. The size of the pixels
is fixed and is relatively large compared to the printing dots
and spots of the print process. Since the resolution of the
display device is determined by the hardware, a bit-to-pixel
transformation does not preserve the image size. Further-
more, in color displays, each pixel is typically combined
from a set of colored sub-pixels. The display sub-pixel grid
cannot typically reproduce the overlapping effect of the
grids of the different separations.

[0044] Electronic “scaling”, which is common in image
processing algorithms for electronically displaying an
image, changes the apparent resolution of an image by, for
example, presenting several image pixels as one display
pixel or vice versa. This mechanism might at first appear to
overcome the problem of changing the length scale of the
image to its original value, but instead causes a different set
of problems. To realize the drawbacks associated with such
a solution, consider a typical 21 inch monitor. The size of
such a monitor is similar to an A3 format paper (420
mmx297 mm). Typical monitors have a resolution of up to
1280x1024 pixels, corresponding to approximately 3 pixels/
mm. Such a spatial frequency is lower than the typical mesh
(5-7 lines/mm), and of the typical screened bitmap (80-100
spots/mm). Therefore, such a mesh may not be accurately
reproduced by this method, since the process of performing
the electronic “scaling” washes out the details of the printed
mesh on the electronically displayed image.

[0045] Embodiments of the present invention describe a
display system which may have variable pixel size, and an
electronic scaling system that adjusts the resolution of the
input data to the resolution of the pixels. Certain display
systems used with embodiments of the invention may have
an expanded range of colors, possibly due to the use of more
than three primaries; other display systems may use con-
ventional RGB colors or no color—e.g., black and white.
Embodiments of monitors, systems, or methods which may
be used with or modified to be used with embodiments of the
present invention are disclosed in International Application
PCT/IL01/00527, entitled “Device, System and Method For
Electronic True Color Display,” filed June 7, 2001, and
published Dec. 13, 2001 as WO 01/95544, assigned to the
assignee of the present application, the entire disclosure of
which is incorporated herein by reference, and International
Application PCT/I1.01/01179, entitled “Spectrally Matched
Print Proofer,” filed Jun. 7, 2001, published on Jun. 27, 2002
as WO WO002/50763 and assigned to the assignee of the
present application, the entire disclosure of which is incor-
porated herein by reference. While the methods and systems
disclosed in these patent applications (for example, methods
to convert source data to primary data, or methods of
creating primaries or filters) may be used in or with embodi-
ments of the present invention, the device, system and
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method of the present invention may also be embodied in
conjunction with other display technology.

[0046] Embodiments of the present invention feature a
combination of optical zoom system and electronic “scal-
ing,” in order to provide an accurate electronic display of the
image, which corresponds to the appearance of the image
when printed. Other features and solutions may also be used.
While in one embodiment the scale (the number of spots in
the original image to each pixel displayed on the monitor) is
1:1, other scales may be used. Moiré effects, which corre-
spond to those effects expected with a print version of an
image, may only be seen on an electronic display if the
image data has the same length scale on the electronic
display as on the printed copy. Embodiments of the present
invention may enable the combined magnification of the
optical zoom and the electronic scaling to be unity or
substantially unity, such that both resolution and length scale
of the original image and the displayed portion can be
matched, namely the size of the displayed pixel on the
viewing screen may be adjusted to match the size of the
respective data as appears in print. Furthermore, such
embodiments may have the advantage of being used in
screen-examination mode or a full image view mode. Cer-
tain embodiments of the device of the present invention are
provided through a projection-based display; other displays
may be used.

[0047] 1In one embodiment, there are two modes of opera-
tions. In one mode, the entire image to be proofed may be
displayed in a resolution and size not necessarily permitting
detection of certain print effects. In a high resolution mode
each spot is mapped to a pixel in the displayed image. The
optical zoom adjusted the size of the displayed pixel as seen
on the viewing screen to match the required spot size for the
given spot resolution. The data mapping is a bit-to-pixel
mapping, and the color of that pixel may be determined by,
for example, the four CMYK bits corresponding to that
pixel.

[0048] In this embodiment, if the screened file has a
resolution of, for example, 1 00 spots/mm and using typical
industry parameters, a display device having approximately
1280%1024 pixels can present, an image area of 1.28x1.024
cm? can be presented, where each spot on the image matches
one pixel on the SLM. If color separations are used, each
pixel on the displayed image may match a set of spots from
the original, each spot coming from one color separation.
Other screened file resolutions may be used, and, typically,
the device may alter its projection zoom to account for other
file resolutions.

[0049] The use of an optical zoom provides flexibility with
bitmap resolution. The image of a pixel in the display may
be magnified (the magnification can be less than one or
greater than one, e.g., enlarged or reduced). The magnifica-
tion can be adjusted so that the resolution of the image is the
same as or substantially the same as the resolution of the
bitmap. Therefore, the same system can be used for present-
ing various bitmap resolutions.

[0050] In other embodiments, the displayed image may be
electronically zoomed so that a larger portion of the image
is displayed, but at a resolution lower than 1:1.

[0051] Ina typical printing application, the mesh period is
typically about ten or more times larger than the spot size.
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Typically, the printing dot mesh is 5-7 lines per mm
(approximately 130-175 LPI The variations in the image are
usually at spatial frequencies much lower than the mesh
frequency. Therefore, according to the Nyquist sampling
theorem, for a good representation of phenomena in the
original image on scale larger than the mesh period of the
printed image (but not exact representation of phenomena on
scales smaller than the mesh period, namely less than perfect
representation of the dot shape and effects associated with
it), the image resolution (when presented on the display)
should be typically at least two times higher than the mesh
frequency (or for better performance 4-5 times higher).
Thus, to reproduce common original print images for proof-
ing, an image resolution of about 15 pixels/mm is suitable
(approximately 380 LPI); other resolutions may be used for
different originals, to reproduce different print phenomena,
or if different accuracy levels are desired. In such a case,
electronic scaling may be employed to collect several bits
into one pixel of the image. A device according to some
embodiments of the invention may be capable of replicating
Moiré patterns associated with wrong grid angles, or with
interference between mesh frequencies and image frequen-
cies, but may not be capable of presenting Moiré effects
associated with resolution of the screened file, since the
electronic scaling may wash out the finest details.

[0052] Using these typical industry parameters, a display
device having approximately 1280x1024 pixels can present
for print proofing an 85x68 mm? area of a print original
having a typical resolution, which is a reasonably large
portion of an A3 image (420x297 mm?). However, the
physical resolution of the display device might be very
different from 15 pixels/mm. An optical zoom is applied to
adjust the size of the displayed pixel as viewed on the screen,
so that the resolution of the image on the viewing screen is
15 pixel/mm. Other zoom amounts may be used, and the
zoom may be positive or negative. Furthermore, according
to one embodiment of the invention, an electronic “scaling”
of the bitmap data may be used to match the bitmap
resolution of the printed material of the order of 100
spot/mm to the required resolution of 15 pixel/mm. Such
electronic scaling may combine multiple spots in the origi-
nal image to single pixels in the displayed image, allowing
a larger image area to be displayed, or may display a certain
number of spots in the original image using more pixels in
the displayed image. The combination of the electronic
“scaling” and the optical zoom allows a large portion of the
image to be displayed on the monitor at the same size as the
original portion, and at resolution which is high enough for
detecting artifacts.

[0053] FIG. 3 illustrates a sample data flow used in a
system and method according to one embodiment of the
invention. Referring to FIG. 3, a continuous tone file, e.g.,
an 8 bit CMYK continuous tone file, may be displayed in its
entirety on a monitor according to an embodiment of the
present invention. The continuous tone file is screened to a
set of color separation files (e.g., CMYK separation files),
and the portions of these files corresponding to the portion
of the displayed image to be examined are scaled and
undergo color conversion, and the resulting primary data is
displayed on the monitor. FIG. 4 illustrates an additional
sample data flow used in a system and method according to
an embodiment of the invention. Referring to FIG. 4,
instead of using electronic scaling, screen data can be
retrieved from a file, which is screened at a lower resolution
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than used in printing. The continuous tone file is “RIPed”
(Raster Image Processed) to both a set of color separation
files at printing resolution, and to a set of color separation
files at a resolution suitable for accurate proofing on the
monitor. The relevant sections of the second set of files are
selected for color transformation and display on the monitor.
For example, if the screened file resolution (the resolution of
the file displayed on the screen) is 16 spots/mm, which is
still much higher than typical meshes in the range of 5-7
dots/mm, the image area which can be presented with such
a display, given a certain number of pixels displayable, given
a typical print mesh resolution, is 8x6.4 cm?. Of course,
other data flows are possible, and other data formats, other
methods of representing color data, and other ink systems
are compatible with embodiments of the present invention.

[0054] Typically, the combined magnification of the elec-
tronic scaling and the optical zoom is such that both the
resolution and length scale of the original image can be
matched. In one embodiment, 1:1 bit to pixel mapping is not
used (e.g., electronic scaling is used), and less than perfect,
but still useful simulation is obtained; Moiré and other
artifacts may be seen over relatively large areas of the image.
In such a case, effects associated with interference on scales
shorter than the mesh period (e.g., spot resolution effects)
may not be observed. In another embodiment, 1:1 imaging
is used, and each printing spot is displayed in a pixel on the
monitor. In such a case, due to possible limitations in the
number of display pixels, the size of the displayed portion
may be too small to discern print effects whose periodicity
is larger than the size of the displayed portion. Of course,
monitors according to embodiments of the present invention
may include numbers of pixels sufficient to display rela-
tively large areas of an image to be proofed as a 1:1
representation.

[0055] One embodiment may display an image in, for
example, a full image view mode where the user may view
the full original image and select a portion for proofing. The
user may then switch to screen-examination mode and view
the proofed portion. The original may be displayed on one
monitor (for example, a conventional monitor), and the
proofed portion may be displayed on a second monitor, a
monitor according to the system and method of the present
invention. Alternately, both portions may be displayed on
the same monitor, or only the proofed portion may be
viewed.

[0056] FIG. 6 depicts an image displayed by an embodi-
ment of the invention. The specific dimensions and pixel
counts as shown in FIG. 6 need not be used. Referring to
FIG. 6, if all the pixels in a display are used to reproduce a
certain CMYK image, the resulting resolution is not satis-
factory for analyzing print effects. If, however, all the SLM
pixels are use to recreate a portion of the image, and that
portion is displayed at the same scale as the portion in the
original image, print effects may be discerned.

[0057] The original print image enjoys the high resolution
of the printing media. When it is displayed on a typical
display having a resolution of, for example, 1280x1024
pixels, much of the original resolution details are lost and
artifacts that appear on the printing media such as Moiré
effects will not be visible. However, implementation of
optical zooming and electronic zooming that will result in an
overall magnification of the original image of substantially
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1 (wherein substantially 1 includes 1) enables the viewer to
see an image with substantially the same geometrical scale
and a similar resolution as the printing media. The size of the
print image should be substantially identical to the size of
the electronically displayed image, and each display pixel
(or set of display pixels, where set includes a group of one)
should represent a set of print image spots whose area is
substantially identical to the area of the display pixel (or
display pixel set). The number of pixels or picture elements
used to create the displayed image may differ from that of
the print image. Therefore, artifacts may be detected in the
electronic image. Typically, the pixel size when seen on the
monitor should be smaller than the mesh spatial period by at
least a factor of two.

[0058] Various embodiments of the system and method of
the present invention provide a display which may accu-
rately reproduce artifacts that may occur when using half-
tone or other printing processes. One embodiment of the
device, system and method of the present invention is based
on projection-based displays, described with regard to
FIGS. 7A and 7B. Typically, in projection-based displays,
light passing through or applied to a pixilation device such
as a spatial light modulator (SLM) produces pixilated light
which produces an image on a display screen, typically via
a magnification device such as a zoom projection lens. The
image may be spectated from the rear of the screen or from
the front of the screen. A typical SLM is a grid of light valves
that behaves like an electronic slide and has a fixed pixel
resolution.

[0059] The projection lens is used to image the SLM face
onto the viewing screen. Using a zoom lens the size of image
on the viewing screen can be adjusted so that it will be the
same as in print. Following this optical zoom operation, the
resolution of the data loaded to the SLM is set, namely each
pixel represent certain length in the viewed image. By using
electronic “scaling,” the resolution of the screened file can
be matched to that required for the SLM. An SLM with
resolution such as SXGA, 1280x1024 pixels, and small
pixel pitch (e.g., less than 20 yum between pixels) produced
by several Micropix, Displaytech or Texas Instruments
DMD may be used. Other SLMs or pixilation devices may
be used. A portion of the screened file is chosen; for
example, by the user, or automatically. The relevant portion
of the screened file is loaded into the SLM (pre-processing
may take place. The correct scale of the image is typically
set by controlling the magnification of a magnification
device such as a zoom projection lens.

[0060] In an embodiment using projection display tech-
nology, light from a light source is, after processing such as
filtering using color filters or a spatially modulated mask
(SLM), projected on a screen for display in order to present
colored images. In certain embodiments, a display according
to the present invention may be used with features for
displays as described in the International Applications PCT/
1L01/00527 and PCT/IL01/01179, listed herein. In alternate
embodiments, the system and method of the present inven-
tion need not be used with features as described in Interna-
tional Applications PCT/IL.01/01179 and PCT/IL01/00527.
A display according to the present invention that is based on
the systems disclosed in International Applications PCT/
1L.01/01179 and PCT/IL01/00527 may include additional
components and systems, such as a zoom/pixel magnifica-






