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DISPLAY FOR SIMULATION OF PRINTED MATERIAL

FIELD OF THE INVENTION

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

Section 1: Halftone Printing

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 spectraﬂy 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 reflection 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.

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;
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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%).

In other print methods, e.g. ink-jet printing, the ink layer thickness is not bil‘lary.
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.

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 coverage 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
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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 relaﬁonship between the tint density, the solid ink density,
and the relative area of inked paper to the relative area of non-inked paper.

In practice, the halftone printing method is implemented 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).

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
magnifying 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
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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, creating the sensation of color.
Halftone printing may also be used to produce images having only black and white (and

shades of gray).
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Section 2: Screen and the Moiré Effect

The screening process converts the original image density to printing dot shape
and size. In recent years screening has been performed digitally. The apparent densities
of the image picture elements (pels) 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,
representing 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 screening 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 resolution 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 exposing 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.

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
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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.

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 implementation there are a certain number (for example four) separations 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 artifacts may appear in a reproduction that are not in the original image; for

example blocking, overexposure, or rosettes.

Section 3; Proofing of Printed Material on Electronic Devices

Proofing involves the creation of an accurate apparent match between an original
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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 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 variqus 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 interference between the screen spatial frequencies and
periodic structures in the image, that might result in Moiré or other artifacts.

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.

This manual procedure limits the advantages of digital workflow. The need for

an accurate digital “soft proof” on an electronic display is clear.
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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
workstation 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 particular cannot
accurately replicate, and hence enable the designer and pre-press personnel to detect,
such defects and artifacts as Moiré patterns.

As previously described, Moiré patterns of certain periodicity are highiy visible
and disturb the image perception. 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
workflow, which is increasingly penetrating the printing industry. However, an effective
method for soft screen proofing is not yet available.

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
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,
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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.

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

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.

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
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conventional primaries (e.g., three primaries), and in addition 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).

According to embodiments of the present invention, provided herein is a method
for soft proofing of an image before being printed onto printed material, comprising 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.

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.

In a further embodiment, the image is provided in an image file comprising a
plurality of bits, and step (b) 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.

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

10
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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 pixilation device such as a spatial light modulator for
determining 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 according to a temporal
sequence.

In further embodiments, the projection-based display 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 projected light.

In a further embodiment, the light source further comprises: (3) a color wheel for

11



WO 03/010745 PCT/IL02/00594

holding the color filters; and (4) a motor for rotating the color wheel.
In a further embodiment, pixilation device is selected from the group consisting
of a binary modulation type and a continuous modulation type.
The pixilation device may be, for example, a DMD, FLC, quantum well
5 modulator, electro-optical modulator, LCD, electro-optical modulator or

magneto-optical modulator. Other suitable pixilation device may be used.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is herein described, by way of example only, with reference to the
10  accompanying drawings, wherein:
Fig. 1 shows a full scale sample image and a magnified region of that image, in
which the dot structure is revealed;
Fig. 2 depicts two sample circular dots of different areas created by exposing
certain spots inside an area representing a printing dot;
15 Fig. 3 illustrates a sample data flow used in a system and method according to
one embodiment of the invention
Fig. 4 illustrates an additional sample data flow used in a system and method
according to an embodiment of the invention;
Fig. 5 is an example of a Moiré pattern created by two linear periodic grids;
20 Fig. 6 depicts an image displayed by an embodiment of the invention;
Figs. 7A and 7B are schematic block diagrams of a display device and system
according to embodiments of the present invention; and
Fig. 8 is a flowchart of a method according to an embodiment of the present

invention.

12
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DETAILED DESCRIPTION OF THE INVENTION

Various aspects of the present invention are described herein. For purposes of
explanation, specific configurations 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.

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 coi)y” 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.

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
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image, the simplest way to present a screened image file on a display is to map each bit
(representing a spot in the printed image) from the ﬁlg 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.

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 hardware 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. Furthermore, 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.

Electronic "scaling", which is common in image processing algorithms for
electronically displaying an image, changes the apparent resolution of an image by, for
examplé, 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 mm x 297
mm). Typical monitors have a resolution of up to 1280 x 1024 pixels, corresponding to

approximately 3 pixels/mm. Such a spatial frequency is lower than the typical mesh

14
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(5-7 lines/mm), and of the typical screened bitmap (80 - 100 spots/mm). Therefore, such

a mesh may not be accqrately 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.

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 conventional 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 December 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/IL01/01179, entitled “Spectrally Matched Print
Proofer,” filed June 7, 2001, published on June 27, 2002 as WO WO002/50763 and
assigned to the assignee of the present application, the entire disclosure of which is
incorporated 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 embodiments of the
present invention, the device, system and method of the present invention may also be
embodied in conjunction with other display technology.

Embodiments of the present invention feature a combination of optical zoom

15



10

15

20

WO 03/010745 PCT/IL02/00594

system and electronic "scaling,” 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 correspond 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.
Certain embodiments of the device of the present invention are provided through a
projection-based display; other displays may be used.

In one embodiment, there are two modes of operations. 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.

In this embodiment, if the screened file has a resolution of, for example, 100

spots/mm and using typical industry parameters, a display device having approximately
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1280 x 1024 pixels can present, an image area of 1.28 x 1.024 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.

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 magnification 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 presenting various bitmap
resolutions.

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.

In a typical printing application, the mesh period is typically about ten or more
times larger than the spot size. 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
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common original print images for proofing, 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 frequencies, 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.

Using these typical industry parameters, a display device having approximately
1280 x 1024 pixels can present for print proofing an 85 x 68 mm? area of a print original
having a typical resolution, which is a reasonably large portion of an A3 image (420 x
297 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 embodimeﬁt 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 original 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
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original portion, and at resolution which is high enough for detecting artifacts.

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
10 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
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 8 x 6.4
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.

Typically, the combined magnification of the electronic scaling and the optical

z00m is such that both the resolution and length scale of the original image can be
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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 relatively large areas of an
image to be proofed as a 1:1 representation.

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 presént invention. Alternately, both portions may be
displayed on the same monitor, or only the proofed portion may be viewed.

Fig. 6 depicts an image displayed by an embodiment 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 satisfactory 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.
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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 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
whoée 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.

Various embodiments of the system and method of the present invention provide
a display which may accurately reproduce artifacts that may occur when using halftone
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
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electronic slide and has a fixed pixel resolution.

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, 1280 x 1024
pixels, and small pixel pitch (e.g., less than 20 pm 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.

In an embodiment using projection display technology, 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/IL01/00527 and
PCT/IL01/01179, listed herein. In alternate embodiments, the system and method of the
present invention need not be used with features as described in International
Applications PCT/IL01/01179 and PCT/IL01/00527. A display according to the present
invention that is based on the systems disclosed in International Applications
PCT/IL01/01179 and PCT/IL01/00527 may include additional components and systems,

such as a zoom/pixel magnification capability and components computing the
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transformation from an original image to an image to be displayed on the display.

The pixels in a display according to one embodiment of the present invention
may be displayed at various sizes or resolutions on the screen. Thus, while on a
conventional display, the X x Y total pixels which are available are always displayed at a
certain resolution and always filling the entire screen, in a display according to an
embodiment of the present invention, the X x Y total pixels available are displayable on
patches of varying sizes, where the pixel size may be varied.

During use, the image file representing the original image to be proofed is
loaded. The entire image may be presented to the user; at such a resolution artifacts
such as Moiré effects are typically not visible, as the resolution of the display is typically
not great enough. If the display is to display artifacts such as Moiré patterns, the
resolution is typically increased; however, only a finite number of pixels are available.
Thus, a portion of the image is selected for display and this portion is displayed on the
display in a size and resolution comparable to the original. Therefore, typically only a
portion of the display is used to display the image portion, while all of the pixels may be
used. In alternate embodiments, if the size of the image or the number of pixels in the
display permits, the entire image may be displayed at the appropriate resolution for
proofing.

The user selects a portion of the image to be displayed for proofing. Typically,
the proof image data is displayed on the display as an inset or patch presented on a
portion of the entire screen, but may be displayed in other manners. Processing circuitry
disposed at the monitor, disposed on an external device such as a PC or workstation, or
on a graphics card associated with the monitor or other device, such as a known

microprocessor or graphics processor, transforms the relevant portion of the original
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image to data suitable for display on the monitor, and determines a proper zoom level for
the resulting proof image. Such processing may also be performed partially or entirely
in software, for example on a PC or workstation. Thus units 202-207 (Fig. 7b) may be
implemented in hardware or software, together in one processing unit or distributed
across different processing units, and possibly as physically separate components. For
example, one or all of units 202-207 may be implemented as a computer on a chip, a
graphics processor chip or card, or a general purpose computer running a computer
program.

Figs. 7A and 7B are schematic block diagrams of a display device and system
according to embodiments of the present invention. It should be noted that other types
of display systems could also optionally be used with the method of the present
invention, such that these implementations are only intended as illustrative, non-limiting
examples. For example, the embodiments herein are described in terms of color
projection, which is very suitable in reproducing the color of prints, but other projection
systems including white/black projectors can also be applied.

As shown in Fig. 7a, a system 48 features a light source 38 for producing light,
typically producing at least three colors, RGB. More colors may be used for accurate
color match to printed material. For example, one embodiment uses at least four
primary colors, and one embodiment uses at least seven primary colors: C, M, Y, R, G,
B and white, fitted in spectrum to that of the process inks, their overlaps and the paper
under the required illumination conditions. Other embodiments may use other numbers
of primaries which may spectrally reproduce the spectra resulting from an ink system,
such as the CMYK ink system which produces CMYRGB and White spectra. In ﬁn‘ther

embodiments, the light source 38 may produce only white light (for a black and white
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system).

The light from light source 38 is displayed on a viewing screen 40 (rear or front
screen), thereby enabling the human viewer to see the colors of the displayed image 69
(Fig. 7b). In order for each color to be properly displayed in the correct location of the
displayed image, a controller 42 controls the production of light of each color, such that
the correct light reproducing the pixel is shown at the correct location of viewing screen
40. Optionally, controller 42 is separate from light source 38, such that these two
components are not combined into a single component.

In one embodiment of the invention light source 38 projects light without being
able to control the location of the projected light onto viewing screen 40. Controller 42
then determines the relative location of light as projected onto viewing screen 40, for
example with a spatial light modulator and/or another system of mirrors and/or lenses, as
described in greater detail with regard to Fig. 7b. Particularly, the controller 42
determines the relative location of the light projected onto the viewing screen 40, taking
into account the optical zoom magnification.

In order for controller 42 to be able to determine the correct light to be displayed
at each portion of viewing screen 40, controller 42 typically receives data from a data
input 45, which may optionally be digital or analog. Controller 42 also receives
instructions and/or commands from a converter 46, which is disposed logically between
data input 45 and controller 42. Converter 46 converts the data from data input 45 into a
format that is suitable for controller 42, and also includes any necessary instructions
and/or commands for enabling controller 42 to be able to understand the data.
Optionally, converter 46 also performs the electronic scaling of the data, and transmits

the scaling ratio to the controller 42, which magnifies the image optically according to
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this ratio. Optionally, converter 46 may also convert the data from an analog signal to
digital data, such that controller 42 is only required to receive digital data.

Converter 46, data input 45, and controller 42 may operate and have a structure
similar to sections of various embodiments of the systems and methods described in
International Applications PCT/IL01/00527 and PCT/IL01/01179, described herein. For
example, in various embodiments of the present invention, the conversion from print
data to display primary data or the choice or definition of display primaries may be
performed according to the aforementioned International Applications; other methods
and systems may be used. In various embodiments, converter 46, data input 45, and
controller 42 may produce primary levels for conventional RGB primaries, for a set of
primaries including at least four primary colors, or for only white light (for a black and
white system). For example, it is known to perform very simple translation from CMYK
data to RGB data, where the resulting colors are representative of, but do not accurately
reproduce, the CMYK data.

Fig. 7b shows a display device according to an embodiment of the present
invention which includes elements of a sequential light projection system such as those
suggested in US Patent No. 5,592,188, which is hereby incorporated by reference as if
fully set forth herein. This embodiment of the present invention is only illustrative and
is not intended to be limiting in any way. In particular, some embodiments herein is
described in terms of color projection, which is very suitable in reproducing, for
example, prints, but other projection systems including white/black projectors can also
be applied.

Color can be realized, for example, by filtering a wide spectrum (close to

“white”’) source through splitting into fixed filters, e.g. RGB filters, passing through a
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moving color wheel, passing through dichroic optical elements performing color
separation or any other optical means for separating of RGB colors and/or any other
color primaries combination. A system 48 is based on passing white light from a source
20 through appropriate color filters 52 to form colored light. For color representation, at
least three colors (e.g., RGB) are typically used. Alternatively, other methods of
producing light of various colors may be used; for example, light emitting diodes or
lasers emitting primary colors.

Systems that use more than three primaries, or which use a set of primaries to
spectrally reproduce the spectra produced by an ink system may be used. Such systems
may more accurately reproduce the colors produced by the original image. In one
embodiment, more primaries, for example produced by seven (six colors + white)
colored filters 52, may be used, but less colors are also possible. The transmission
spectrum of these seven color filters is typically very close to that of the standard inks
and overlap colors used in the relevant printing application. Optionally, the seven colors
are C(yan), M(agenta), Y(ellow), R(ed), G(reen), B(blue) and white. For Black/White
system the filters may not be required.

The filters as shown may optionally be configured in a color filter wheel 24. In
order for the light to be directed through the appropriate filter 52, typically the light is
focused by a condenser lens 21, optionally implemented as two such lenses 21 for the
purposes of illustration only and without any intention of being limiting. The focused
light is then directed through one of the filters on filter wheel 24, which holds the color
filters 52, and which typically rotates at the appropriate frequency. In this example, the
combination of light source 20, and color filters 52 can be considered to form at least

part of the light source of Fig. 7a, optionally with other components involved in the
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production of the light itself.

The colored light illuminates a spatially modulated mask 26, also known as an
SLM (spatial light modulator) which determines, typically by pixel, whether and how
much light of the color currently being projected through the color filter wheel 24 is
permitted to pass for illuminating that pixel. The colored light for an image 69 is then
projected by a projection zoom lens 28 onto a viewing screen 29. Viewing screen 29
displays the resultant colored image 69 to the user, and the image 69 may be viewed
from rear or front. In the case of a black and white display, color wheels need not be
used. Spatially modulated mask 26, or the combination of spatially modulated mask 26
and projection zoom lens 28, can be considered to be an example of the controller from
Fig. 7a. In alternate embodiments the controller or portions of the controller may be
embodied in other manners, for example in software on a personal computer or
workstation. Zoom lens 28 may act as a magnification device, selectably adjusting the
size of each pixel displayed on viewing screen 29. Other magnification devices and
methods for adjusting magnification may be used.

A motor 63 optionally rotates filter wheel 24 in front of light source 20, so in
each turn spatially modulated mask 26 is illuminated by all colors in filter wheel 24
sequentially. Typically, the rate of rotation is at the frame frequency (and/or its
multiples), which is the frequency at which the full-color image 69 on viewing screen 29
is refreshed. Typical frame frequencies are in the range of 30 - 85 Hz; other frame
frequencies may be used.

Typically, the loading of the data into spatially modulated mask 26 is
synchronized by a timing system 207, according to the rotation of filter wheel 24. The

light beam is spatially modulated by spatially modulated mask 26, so that the apparent
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brightness of each primary color varies at different portions of viewing screen 29,
typically according.to each pixel of the image 69. Each position 68 (e.g., a pixel shown
on the display) of image 69 on viewing screen 29 is typically associated with a certain
pixel 70 in spatially modulated mask 26. The brightness of that position 68 (for a
particular color) is determined by the relevant data pixel in the image. Data
representative of the image is typically retrieved from an image data file or set of files
201 and converted from the input data (e.g., print data) to data appropriate for the
primaries of the display. The human viewer integrates the sequential stream of the
primary images to obtain a full color image. In one embodiment, using a 7 segment
ink-like primaries method the appearance of the image on the screen 29 may be close to
a spectral match with the image on paper, given a certain illumination.

The display systems according to certain embodiments of the present invention
are based on spatially modulating colored light and projecting it on a display screen. The
spatial modulation can optionally be perfbrmed by using a liquid crystal spatial
modulator, in which case a source of polarized light is typically used, or alternatively by
a digital micro-mirror device (DMD) produced by Texas Instruments (USA) for
example, which allows the use of non-polarized light. Other types of devices for
performing spatial modulation are optionally used, and are encompassed by the scope of
the present invention.

The spatial modulation can optionally be performed with analog or binary levels
or gradations, according to the type of modulator device which is used. Nematic liquid
crystal modulators, for example by CRL Opto (United Kingdom), or Kopin Inc. (USA),
allow for analog “gray levels”, while Ferroelectric liquid crystal modulators, such as

from Micropix Technologies (United Kingdom) or LightCaster™ from Displaytech
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(USA), and DMD are binary devices. If a binary modulator device is used for spatial

modulation, “gray levels” may be achieved by controlling the duration of the
illumination, and/or the intensity of the light, incident on the spatial modulator.

An implementation using liquid crystal modulators may require the use of
polarized light. Such an embodiment is depicted in Fig. 7b. For reflecting devices, such
as Liquid Crystal Over Silicon (LCOS) devices, the same polarizer, usually a polarizing
cube beam splitter, can be used for polarizing the incident light and for analyzing the
reflected light. The implementation shown in Fig. 7b is based on a reflecting LCOS
device for spatially modulated mask 26, and therefore a polarizing cube beam splitter 25
is included in system 48, from which polarized light 27 is transmitted to projection zoom
lens 28. It should be noted that this is for the purposes of illustration only, and other
implementations of system 48 are also possible as based on other modulators, such as
those devices which are described as examples of other such spatial modulation devices.

Many suppliers of SLM provide an electronic interface to their devices. Often,
these interfaces implement dithering, error diffusion and other similar algorithms for
color presentation. Typically, these algorithms are avoided for the screen simulation
application, because they spatially mix the data of néighboring pixels.

The portion of the image data file 201 that is converted to the appropriate data
and loaded into the SLM is determined by the area that is examined. After the user
determines the area he would like to view, the data representing this area is retrieved
from the screen file, together with the screened file resolution. The data organized in
two-dimensions has one bit for each spot element. The number of spot elements along
and across multiplied by the screen file resolution yields the required size of the image.

An electronic scaling module 202 may scale the relevant portion, as discussed in more
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detail herein, by, for example, sub-sampling or interpolating between the existing image
elements (spots), in such a way that the number of elements in the scaled image is the
same as the number of pixels in the SLM (however, the same scaling factor is used in
both directions in order to keep the geomeiry). In alternate embodiments the number of
pixels in the scaled image may differ from the number of pixels in the SLM. As
discussed in more detail herein, a proper zoom or magnification for the image 69 is
determined by, for example, the zoom control 204. The zoom control unit 204 controls
the zoom lens 28 by, for example, sending signals adjusting the zoom; thus the
magnification (positive or negative)-of the image 68 is adjusted. In such a manner the
length scale of the projected image of the SLM is the same as that of the relevant portion
of the original image, (known from the original number of retrieved elements and the
spot resolution). In alternate embodiments, other units or combinations of units may
perform the calculations and transformations discussed herein; for example, units such
as units 202, 203 and 204 may be combined to one unit.

The scaled data is typically converted to data suitable for the primaries of the
display. Following the scaling, several spot elements are typically collected together to
give one pixel of the scaled data, which is now a gray scale pixel as discussed below
with respect to Fig. 8. In the case of color separation data, the spot elements
corresponding to the same pixel of each of the separations give together, for example, a
CMYK value for this specific pixel. The calculated color data (e.g., CMYK data) of the
scaled portion of the file is transformed by a color module 203 to, for example, RGB
values, CMY RGB White values, or to other display primary values, as appropriate. In
alternate embodiments, other numbers of primaries may be used. In monochrome

embodiments, units such as the color wheel 24 and the color module 203 may be
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eliminated. Methods and systems used with embodiments of the present invention to
convert data may be those described in International Application PCT/IL01/00527 and
International Application PCT/IL01/01179; in alternate embodiments, other methods
may be used. In some embodiments, data conversion from input data to display primary
data may include, for example, correction for print process parameters such as dot gain,
trapping, or density. Further, correction may be made for, for example, viewing
conditions such as lighting, or the substrate (e.g., paper, cardboard) useci. The data of
each primary color may, for example, be corrected by an optional gamma correction 205
(e.g., gamma correction curves) for non-linearities of the display device and sequentially
loaded into the relevant pixel of the SLM by the frame buffer and formatter 206,
according to the timing determined from the color wheel rotation.

Fig. 8 is a flowchart of a method according to an embodiment of the present
invention. In alternate embodiments, other sequences of steps and other methods may
be used. In one embodiment, the method is performed by units 202-207 of Fig. 7b.

In one embodiment, the color data of the input data is expressed as ink data or
ink levels — e.g., CMYK data. In other embodiments, the color data may be expressed in
different manners (e.g., a set of color levels for pixels), or need not be included. The
input data may be a set of files corresponding to the print data. Thus the data file 201
may be, for example, both a set of files representing a CMYK continuous-tone digital
image file (e.g., 8 bit/separation CMYK dot area for each pixel), and a set of
four-separations CMYK screened bitmap files (e.g., 1 bit/separation for each spot, one
file for each separation). Within each set, each file corresponds to one print ink ~ for
example, C, M, Y and K. For the second set, within each file, a spot is represented by a

bit - 1/0, for print/not print. Thus, in the C file, a 1 in a certain position in the file

32



10

15

20

WO 03/010745 PCT/IL02/00594

indicates that in the print process a cyan spot should be printed in the corresponding
position. Typically, the continuous tone file is used to display the entire image, and the
set of one-bit separations is used to display the area selected to be examined. However,
embodiments of the present invention may accept either format for display of an overall
image and/or an area to be examined for print effects. Of course, other file formats, and
other ink systems, may be used. In one embodiment, since the continuous tone file is
used to display the entire image, it may be an input to a separate monitor or system used
to display the entire image, while a monitor according to an embodiment of the present
invention may accept set of a separation files. Furthermore, since set of a separation
files may be quite large, a portion of a separation file may be input to a monitor or
system according to an embodiment of the present invention.

Referring to Fig. 8, in step 300, a portion of an image is selected. In one
embodiment, the full-size image is first presented on the display, possibly based on
CMYK continuous tone (e.g., 8 bit continuous tone) image data, and the user indicates
the area to be examined and, possibly, the resolution of the screened bitmap. The overall
image may be based on other image data, in another file format. Such an indication may
be using, for example, a pointing device such as a mouse; alternatively other interface
devices may be used, such as a keyboard. The user may indicate a certain portion to be
proofed, or may select a portion to be proofed in another manner. For example, a user
may draw a box around an area to be viewed. Other methods of determining an area to
be used and scaling may be used. User control or selection need not be used.

In step 310, the most appropriate electronic scaling ratio may be calculated given
the number of pixels available for display. Alternately, a user may request a certain

electronic scaling level, along with a general target area (or the center of such an area),
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and the area to be viewed may be determined.

In one embodiment, given the area of viewing of length L and width I (the ratio
L/ W is typically assumed to be the same as that of the SLM ratio, but need not be), the
number of spots in the screened file, corresponding to this length is given by (Z-7) x
(W-r), where r is the resolution on paper (e.g., spot resolution). Assuming that the length
L is taken to determine the scaling factor (the width W may also be chosen), L bits are
typically scaled into a row of the SLM, having N pixels (N=1280 for example; SLMs
with other pixel numbers may be used). The scaling ratio is L-+/N, and to avoid the
creation of additional beat frequencies it may be rounded to the nearest integer, g.

In step 320, the dimensions of the viewing area may be recalculated. The
dimensions of the area of interest or viewing area may be re-calculated based on the
rounded ratio (L' = ¢-N/r), and the relevant data is taken from the input print data file
(e.g., the screened file). In alternate embodiments, only a portion of the SLM may be
used for the proofed image, and another portion may be used for other image data, such
as user interface data.

In step 330, the bits of the selected viewing area may be scaled and converted to
gray levels. Typically, this involves converting at least a portion of the input data to data
of a lower pixel resolution. In the case of multiple color separations data files (e.g.,, in
the case of four-color CMYK data having four files or separations), this may be
performed for each data file or separation. In one embodiment, each set of g x g spots of
the screenedldata is presented by one pixel of the SLM. The average value of these q2
spots is transformed into a gray level. In the case of a one-to-one correspondence;
between image spots and screen pixels, scaling and converting may not need be done.

Furthermore, other methods of converting and scaling may be used. For example, a
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many to one correspondence need not be used; multiple input data pixels may be
converted to multiple screen pixels, or a number of input pixels may be converted to a
higher number of screen pixels. Conversion may use methods other than averaging or
gray-scale conversion.

In step 340, the gray scale data may be converted to data appropriate for the
primaries used by the display. Data conversion need not be done; the input data (after
possible electronic scaling as discussed with respect to step 330) may be suitable for
direct use as display primaries. For example, if black and white data is used conversion
need not be performed.

In one embodiment, if data conversion is to be performed, it is assumed that each
pixel to be displayed on the monitor is formed from a set of v corresponding pixels
converted in step 330, each of the v pixels corresponding to one of the color files (e.g.,
CMYK). The spectrum produced by each set of pixels may be created using, for
example, the Neugebauer equations as discusséd herein and/or in International
Application PCT/IL01/00527 and International Application PCT/IL01/01179; other
methods of producing the spectra may be used. The coefficients or proportions for sets
of display primaries which can produce this spectrum may be determined using, for
example, the steps discussed herein and/or in International Applications
PCT/IL01/00527 and PCT/IL01/01179; other methods of producing primary coefficients
or proportions may be used.

In such a manner, for each pixel of the display, a set of display primary levels
may be produced. In other embodiments, other steps may be used to produce display
primary coefficients. For example, if the display primaries correspond to the spectra

produced by the inks (e.g., CMYKRGB in the case of CMYK inks), after the spectra
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produced by the inks is determined the data may be used more or less directly to drive
the primaries.

The data of each primary color may be, for example, corrected for non-linearities
of the display device.

In step 350, the data may be loaded to the display device. In one embodiment,
the data is sequentially loaded into the relevant pixel of the SLM, according to the
timing determined from the color wheel rotation.

In step 360, the optical zoom may be adjusted. In one embodiment, the
resolution of the displayed image is given by N/L' = r/q. To observe Moiré effects this
resolution is typically at least twice that of the mesh (preferably at least 4-5 times larger
than the mesh). The optical zoom is adjusted, so that the pitch of the SLM pixels, p
(pixels/mm) magnified by M is substantially equal to the image resolution r/g, namely
M= r/pq. Assuming that typical resolutions for screen examination vary from 30-100
spots/mm, and that the reciprocal pitch of a typical SLM is in the range 50-80
pixels/mm, the optical zoom magnification typically ranges from 0.5 - 3. Other
dimensions may be used, along with other electronic scaling and other magnifications.

In alternate embodiments, other steps or sequences of steps may be used.

The method described above with regard to Fig. 8 is suitable for various
screening systems, such as FM and irrational screems. In conventional screens,
separations are in angles of 0°, 15°, 45°, and 75°. Other rational screens have angles for
which the tangents are rational number, while irrational screens have angles with
non-rational tangents. The advantage of the use of such “irrational” separations is the
avoidance of beats caused by the machine periods, which are usually in an angle of 0°,

such periods coming from the period of the screw on which the printing head moves.
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These extra periods from the machinery might interfere with the screen periods and
result in Moiré artifacts.

The simulation of conventional (0° and 45° separations) and rational screen (Hell
angles) printing processes may in the addition of slight modifications to the method of
Fig. 8, if Moiré effects associated with the SLM hardware resolution should be avoided.
In the case of conventional screening, typically the ratio between paper resolution and
mesh for the zero (and 90°) angle separation is determined as an integer, namely r/m=i.
This integer ratio assures that a beat frequency is not created between the higher
harmonics of the mesh and the resolution. If the resolution is scaled by an integer g, as
performed with regard to the method of Fig. 8, while keeping the mesh the same, it is not
clear that the ratio in the displayed image »/qgm would remain an integer. If this ratio is
not an integer, the creation of beats resulting in perceivable Moiré patterns can be
expected.

In order to avoid such effects, the ratio between the resolution on the image and
the mesh is also typically an integer, j. This means that the ratio between the screened
file resolution and the displayed image resolution is i/j. Each i x i bits are collected
together to form one dot with the average value of the i” bits. Then the new coarse data
is interpolated on a grid of j x j pixels per dot. The resolution of the image is #j/i and
should be equal to p/M, giving an optical magnification M = ip/rj.

Before being displayed, the scaled data is typically converted to data suitable for
the primaries of the display. Following the scaling, several spot elements are typically
collected together to give one pixel of the scaled data, which is now a gray scale pixel as
discussed above with respect to Fig. 8. In the case that the color data is represented as

color separations, the spot elements corresponding to the same pixel of each of the
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separations give together a scaled value, e.g. a CMYK value, for this specific pixel. This
calculated data of the scaled portion of the file may be transformed by a color module
203 to, for example, RGB values, CMY RGB White values, or to other display primary
values, as appropriate.

In most casesl an accurate color match is not required for examining moiré
effects, and a simple color conversion method may be used, converting data to, for
example, data suitable for conventional RGB primary data. However, the display system
described above can provide quite accurate color representation of the pixels using the
color module‘203. In one embodiment, part of the conversion from input data to display
primary data may include converting the input data to a set of intermediate spectra, and
converting the spectra to display primary data. Such processing may be performed in
the monitor, in module 203 or, alternately, in a separate card or processing device, or in
software. In addition, the display or device may also accept print process parameters or
other information used to adjust the conversion, e.g. dot gain.

The input data may be processed by evaluating the spectrum at each pixel or spot
according to, for example, its CMYK values. This spectral evaluation may be based on
typical spectra of printing inks (known beforehand), and other process parameters,
which are measurable in the print shop, including, e.g., dot gain. The evaluation may be
based on other data. In alternate embodiments, a spectral evaluation need not be done.

A spectrum ¢@(A) corresponding to a certain CM YK data can be presented as a set
of numbers ¢i=p(Ai) each represenﬁng the appropriate value for a certain wavelength A,
where the points A; may be uniformly or non-uniformly spread through the visible range
(usually between 400 =700 nm). Alternatively the spectrum can be represented as a set

of coefficients B; representing the weights of predefined spectral basis functions ¥j(A),
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namely:
(M) = G(Z B Fi(A) €
where G(x) is a pre-defined function. Typically, the second method is used, since

description in terms of spectral basis functions requires smaller number of coefficients

5  and therefore less memory and less calculations. Furthermore, cleverly chosen set of
basis functions can reduce the problem of spectral estimation to simple manipulation of
the CMYK values, namely that the coefficients B; are derived directly from the CMYK
values using simple arithmetic as discussed below.

The spectrum may be created as positive linear combinations of the display

10  primaries, namely:
n

P(A) = kZ‘ a1 (A) (12)

Here yi()\) is the spectra of the display primaries and @()) is the spectrum to be
reproduced. The spectrum, in either wavelength or basis weights representations, may be
transformed to coefficients that represent the weight of each of the display primaries

15  a;.a, The calculated coefficients a;..a, of the display primaries are used as the signals
for the display itself. In a typical embodiment, three primaries corresponding to
conventional RGB primaries may be used, but in alternate embodiments, different
primaries or more than three primaries may be used.

In the special case that the basis functions Wj(A) are identical to the display

20  primaries y()), the spectral conversion module can be omitted, since the basis weights
coefficients can be used as the signals for the display primaries. In any case, a suitable
choice of the basis function and the display primaries allows for a simplification of the

conversion module, namely the conversion module can be reduced to an n x m matrix,
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where n is the number of display primaries and m is the number of basis functions. The
given basis function ¥j(A) can be represented as:
n
v, (1) = kz; ¢ (A) (1b)
Since both the basis functions ¥j(A) and the display primaries 7(«(A) are known
5 the values cj; can be calculated and stored. Then for linear models, where G(x)=x the
values a; of eq. 1a can be calculated by inserting eq. 1b into eq. 1 and comparing it with

eq. lato obtain:

A= Zﬂjcﬂc (1o)
=1

10 Eq. 1c represents a matrix multiplication of the vector £ by the matrix C", where

C" is the transposed matrix of C. C" is an n X m matrix as indicated above. Examples of
models that can be performed by the spectral estimator module include Murrey-Davis
spectral Neugebauer model, Yule-Nielsen spectral Neugebauer model, Cellular spectral
Neugebauer model and others. The Murrey-Davis spectral Neugebauer model estimates

15  the spectrum of a CMYK pixel by:
p(A) =) FR(2) @

Here @()) is the estimate of the spectrum reflected from the substrate, and R ;(2)
are the spectral reflectivity of a set of elementary colors, for example i=RGB CMY KW.
R i(A) depends on the illumination conditions and substrate properties via R ;(A) = S(MR
20 w(N) Ti\), where S(A) is the spectrum of the incident light, R(}) is the reflectance of the

white paper (other substrates may be used) and 7;(A) is the transmission of the i
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elementary color (ink or overlap of inks). It is usually assumed that the transmission of

black layer Tx(}) is zero or negligible over the whole spectral range, however, correction

for finite small transmission can also be implemented. Other functions may be used,
with different of omitted factors.

The relative values of the composition F; may be given by the Demichel
equations (other equations may be used, and other colors and spectra may be used):

Fc =C(1-M) (1-Y) (1-K)

FmM=M (1-C) (1-Y) (1-K)

Fy=Y (1-C) (1-M) (1-K)

Fr=MY (1-C) (1-K) 3)

Fe=CY (I-M) (1-K)

Fg=CM (1-Y) (1-K)

Fx=K+CMY(1-K)

Fw=1-Z pwF;

Here C, M, Y and K are the respective dot areas of the relevant pixel as measured
on substrate (typically after dot gain correction). Typically, the spectra produced by the
black ink used in the printing process does not differ from that produced by an overlap
of the C, M and Y inks; however, implementations where the spectra differ, where the
blacks differ, are also possible. In such implementations, more Neugebauer values and
primaries may be used to represent the blacks.

In terms of Eq. 1 the reflection specira R ;(A) are equivalent to the basis function
Wi(A), the parameters F; are identical to the coefficients B;, and &(x)=x.

For Yule-Nielsen spectral Neugebauer model eq. 2 is replaced by:
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o(2) = {Z F,-RS’"M)} “)

Here n is an empirical parameter, that for offset print is found in the range of 1.5

— 2. In terms of equation 1 the basis functions ¥i(L), are equivalent to R ) and G(x)

=x",

For a Cellular Neugebauer model eq. 2 holds, however more basis functions are
used in intermediate values (not only at 100% values of the primaries and their
overlaps), such as CMYK values. F; are calculated in each of the cells with respect to the
corners of the cube enclosing the input point.

Once the data is calculated, it may be displayed as an image. In one embodiment
the image is displayed using a projection display including, for example, an SLM. In
alternate embodiments, other methods of displaying the data may be used. The data
loading into the SLM may involve rearrangement of the data in a format consistent with
the physical SLM (e.g., spatially modulated mask 26), and loading the data into the SLM
at the required timing for producing each color in a sequential (time-based) projection
System.

After the scaling and possible color transformation of the data, it is transferred to
the frame buffer and formatter 206, which arranges the data in a format acceptable by
spatially modulated mask 26, and provides the correct electronic and physical interface
to spatially modulated mask 26. Frame buffer and formatter 206 also arrange the stream
of data in a format consistent with the electronic requirements of spatially modulated
mask 26. Frame buffer and formatter 206 may be, for example, a memory device for
holding the data of the image. Typically, the data is held in the same geometrical

arrangement as the pixels of the image, and of spatially modulated mask 26. The
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loading of the data into spatially modulated mask 26 is synchronized by a timing and
control system 207, according to the rotation of color filter wheel 24. Other
arrangements of components for creating a display are possible.

While the invention has been described with respect to a limited number of
embodiments, it will be appreciated that many variations, modifications and other
applications of the invention may be made. In particular, although the embodiments
presented here are based on sequential projection engines, similar embodiments may be
suggested based on simultaneous projection of each of the color channels (e.g.,in a
three-panel LCD based color projector). Nevertheless, the sequential implementation
may be desired for the present invention, because minor misregistration of the
three-panel optical system might result in a highly visible Moiré pattern, a problem that
does not exist in the sequential implementation.

Embodiments of the present invention may include apparatuses for performing
the operations herein. Such apparatuses may be specially constructed for the desired
purposes (e.g., a “computer on a chip” or a graphics processor chip or card), or may
comprise general purpose computers selectively activated or reconfigured by a compﬁter
program stored in the computers. Such computer programs may be stored in a computer
readable storage medium, such as, but is not limited to, any type of disk including floppy
disks, optical disks, CD-ROMs, magnetic-optical disks, read-only memories (ROMs),
random access memories (RAMs), electrically programmable read-only memories
(EPROMSs), electrically erasable and programmable read only memories (EEPROMs),
magnetic or optical cards, or any other type of media suitable for storing electronic
instructions.

The processes and displays presented herein are not inherently related to any
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particular computer or other apparatus. Various general purpose systems may be used
with programs in accordance with the teachings herein, or it may prove convenient to
construct a more specialized apparatus to perform the desired method. The desired
structure for a variety of these systems appears from the description herein. In addition,
embodiments of the present invention are not described with reference to any particular
programming language. It will be appreciated that a variety of programming languages
may be used to implement the teachings of the invention as described herein.

Unless specifically stated otherwise, as apparent from the discussions herein, it is
appreciated that throughout the specification discussions utilizing terms such as
"processing", "computing”, "calculating”, "determining", or the like, typically refer to
the action and/or processes of a computer or computing system, or similar electronic
computing device (e.g., a “computer on a chip” or a graphics processor chip), that
manipulate and/or transform data represented as physical, such as electronic, quantities
within the computing system's registers and/or memories into other data similarly
représented as physical quantities within the computing system's memories, registers or
other such information storage, transmission or display devices. -

It will be appreciated by persons skilled in the art that the present invention is not
limited to what has been particularly shown and described hereinabove. Rather the

scope of the present invention is defined only by the claims which follow:
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WHAT IS CLAIMED IS:

1. A method for displaying input data for an input image, the input image having a
scale, the method comprising:

inputting the input data;

operating a pixilation device according to the input data;

applying light to the pixilation device to produce pixilated light;

applying the pixilated light to a magnification device; and

displaying the pixilated light on a screen as a displayed image, the displayed
image having a scale, wherein the scale of the displayed image substantially matches the

scale of the input image.

2. The method of claim 1 wherein the input data is CMYK print data.

3. The method of claim 1 wherein applying the light includes at least passing light

through a rotating color wheel.

4. The method of claim 1 wherein the light includes at least four primary colors.

5. The method of claim 1 comprising converting at least a portion of the input data

to data of a lower pixel resolution.

6. The method of claim 5 wherein converting at least a portion of the input data to

data of a lower pixel resolution includes at least combining a first number of pixels of
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input data to a lower number of pixels to be displayed on the screen.

7. The method of claim 6 comprising adjusting the magnification device so that the

scale of the displayed image substantially matches the scale of the input image.

8. The method of claim 1 wherein the magnification device includes at least a zoom
lens.

9. The method of claim 1 wherein the pixilation device includes at least a spatial
light modulator.

10. The method of claim 1 wherein the input data includes color data and wherein the
light includes light of a plurality of primaries, the method comprising converting at least

a portion of the color data to data corresponding to the plurality of primaries.

11. The method of claim 10 wherein the color data is represented as ink data, and
wherein converting at least a portion of the color data includes at least:

converting the ink data to intermediate spectra; and

converting the intermediate spectra to data corresponding to the plurality of

primaries.

12. A system for displaying input data for an input image, the input image having a
scale, the system comprising:

a light source;
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a pixilation device;

a magnification device accepting light from the pixilation device;

a screen; and

a controller operative to operate the light source to apply light to the pixilation
device to produce pixilated light, and operative to control the magnification device to
output light to the screen as a displayed image, the displayed image having a scale, so

that the scale of the displayed image substantially matches the scale of the input image.

13.  The system of claim 12 wherein the input data is CMYK data.

14, The system of claim 12 comprising a color wheel.
15. The system of claim 12 wherein the light source includes at least four primary
colors.

16.  The system of claim 12 wherein the controller includes a plurality of physically

separate components.

17.  The system of claim 12 wherein the controller is capable of converting at least a

portion of the input data to data of a lower pixel resolution.

18.  The system of claim 17 wherein converting at least a portion of the input to data
of a lower pixel resolution includes at least combining a first number of pixels of input

data to a lower number of pixels to be displayed on the screen.
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19.  The system of claim 12 wherein the controller is capable of adjusting the
magnification device so that the scale of the displayed image substantially matches the

scale of the input image.

20. The system of claim 12 wherein the magnification device includes at least a

zoom lens.

21. - The system of claim 12 wherein the pixilation device includes at least a spatial

light modulator.

22. The system of claim 12 wherein the input data includes color data and wherein the
light includes light of a plurality of primaries, and wherein the controller is capable of
converting at least a portion of the color data to data corresponding to the plurality of

primaries.

23. The system of claim 22 wherein the color data is represented as ink data, and
wherein converting at least a portion of the color data includes at least:

converting the ink data to intermediate spectra; and

converting the intermediate spectra to data corresponding to the plurality of

primaries.
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