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(57) Abstract: Methods and apparalus are provided for
dynamically halftoning image data, substantially in real-time.
Halftone threshold values are calculated and stored in
memory, and halftone output values are calculated for the
portions of the image data that will be displayed on a display
device. Halftone screen parameters may be modified, and new
halftone screen threshold values may be calculated for any
affected halftone screens. For unaffected halftone screens,
the previously stored threshold values may be retrieved from
memory. In addition, the portion of the image to be displayed
may be modified, and the halftone output values of the new
portion may be calculated and then displayed.
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METHODS AND APPARATUS FOR
DYNAMICALLY SOFT PEOOFING HALFTONE IMAGES

FIELD OF THE INVENTION

This invention relates to image processing, and particularly relates to

methods and apparatus for dynamically soft proofing halftone images.

BACKGROUND OF THE INVENTION

Print output devices, such as copiers, printers, and printing presses, typically
operatc in a binary mode (i.e., a printer typically either deposits colorant or ink on a
substrate or does not deposit colorant or ink on the substrate at a specific location). As
a result, most print output devices are unable to directly reproduce the variely of
intensity levels present in a continuous tone (“contone”) image. Instead, halfloning
techniques are used to render intensity or lightness levels by converting a contone
image to a halftone image. A halftone representation is an approximation of a contone
image that uses a series of carefully placed spots of various sizes and/or patterns that,
when viewed at a distance, creates an illusion of continuous tones.

Modern printing systems have increasingly incorporated digital image
processing technology, in which an image is represented and processed in digital form
prior to printing or platesetiing. Such image processing techniques include digital
halftoning. A common halftoning technique is screening, in which a halftone screen is
created that includes a two-dimensional array of threshold values. For color images that
have been separated into component colors (e.g., Cyan, Magenta, Yellow and Black), a
halftone screen is created for each separation. To create a halftone output, the contone
image data values are compared to the halftone screen values on a pixel-by-pixel basis

for each color separation.
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Holladay U.S. Patcnt No. 4,149,194, describes techniques for producing
halftone screens with minimum memory requirements. The size of such halftone
screens typically arc small compared to the image to be printed, and the screens are
repeated across the entire image in 4 manner similar to tiling. If the contone image
value for a specific pixel exceeds the corrosponding threshold value, a binary “17 is
specified at the pixel location. If, however, the contone image value is less than or
equal to the corresponding threshold value, a binary “0” value is specified. To produce
a printed output from halftone output data, a color spot is printed at the corresponding
pixel locations having values of 1, and no spot is printed at corresponding pixel
locations having values of 0. This process is repeated for each separation.

A common problem that arises in digital color halftoning is moiré patterns,
which are visibly apparent interference patterns that result from interference between
two or more halftone screens, between halftone screen dots and portions of the image,
and between halftone screen dots and the pixel grid. One commonly known technique
for reducing or eliminatilgg moiré patterns involves rotating each halftone screen at a
corresponding angle relative to a point of origin. For example, in a three-color process,
moiré patterns may be substantially eliminated by using three halftone screens thal are
square in shape and identical, and placed at 15°, 45° and 75°, respectively, from a point
of origin. However, for printing processes that use additional colors, or have non-
square-shaped halftone screens, the process of obtaining satisfactory halftone screen
values often requires an itcrative modification of screen parameters.

Indeed, in traditional printing processes, once a set of screen parameters are
specified, halftone threshold values are calculated, the contone data are halftoned, and
the resulting output data are sent to a printer to obtain a “hard proof” of the image. In
particular, proofs are printed on paper or other print media and inspected to ensure that
the images and colors look visually correct. If the resulting proof includes undesirable
image artifacts such as moiré, one or more screen parameters can be adjusted and
successive hard copy prints can be examined in the hard proofing process. After
determining that a particular proof is acceptable, the screen parameters used to make the
acceptable proof can be reused to mass-produce, &.g., on a printing press, large
quantities of print media that look visually equivalent to the acceptable proof. Such
conventional hard proofing technigues are very time and material-intensive and

expensive.
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“Soft proofing” is an alternative previously known technique that can be
used to adjust image processing parameters, such as halftone screen parameters, prior to
production printing. In particular, soft proofing is a process that makes use of a display
device rather than a printed hard copy. Soft proofing is highly desirable for many
reasons. For instance, soft proofing can remove the need to print copies of the image on
media during the proofing process. Moreaver, soft proofing may allow many people to
proof color images from remote locations simply by looking at display devices, rather
than awaiting defivery of hard copies. Soft proofing can be faster and more convenient
than hard proofing. Moreover, soft proofing can reduce the cost of the proofing
process. For these and other reasons, soft proofing is a preferred soft proofing method
for modern printing workflows.

Referring to FIG. 1, a previously known soft proofing system is described.
Soft proofing system 10 includes memory 12, processor 14 and viewer 16. Memory 12
may be a hard drive, floppy disk, optical disk, or other similar memory device, and may
include an image file 18 that includes contone image data separated into Cyan,
Magenta, Yellow and Black (“CMYK?”) colorants. Processor 14 may be a general
purpose computer, such as a personal computer or workstation, that may be
programmed to determine halftone screen threshold values based on user-input 18, and
to apply the threshold values to image filc 18 to provide halftoned data suitable for
display on viewer 16.

Such previously known soft proofing processes, however, are extremely
slow when used to iteratively modify and display halftone image data. For example, if
image file 18 includes an 8”x10” image at a resolution of 2400 dots/inch, the file
includes more than 460 million pixels for each color separation. As a result, if the user
changes screen parameters of any halftone screen, processor 14 typically will
recalculate all threshold values for that screen, and then reprocess all image pixels, one
pixel at a time, for the cortesponding color separation to provide updated halftone data
values for display on viewer 16. Such recalculation and processing may take a
considerable amount of time, which makes soft proofing system 10 cumbersome and
slow for purposes of ileratively determining and displaying halftone screcn parameters.
As a result, previously known soft proofing systems for halftoning have had limited
commercial success.

In view of the foregoing, it would be desirable to provide soft proofing

methods and apparatus that reduce the time required to display halftone image data.
3
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4.

It also would be desirable to provide soft proofing methods and apparatus that
allow halftone image data to be quickly modified and displayed.

It further would be desirable to provide soft proofing methods and apparatus that
allow halftone screening substantially in real-time.

It additionally would be desirable to provide soft proofing methods and apparatus
that allow automatic detection and elimination of moiré.

It also would be desirable to provide soft proofing methods and apparatus that show

realistic dot gain through simulated dot growth.

SUMMARY OF THE INVENTION

In view of the foregoing, it is an aim of this invention to provide soft proofing
methods and apparatus that reduce the time required to display halftone image data.

It also is an aim of this invention to provide soft proofing methods and apparatus
that allow halftone image data to be quickly modified and displayed.

It further is an aim of this invention to provide soft proofing methods and apparatus
that allow halftone screening substantially in real-time.

It additionally is an aim of this invention to provide soft proofing methods and
apparatus that allow automatic detection and elimination of moire.

It also is an aim of this invention to provide soft proofing methods and apparatus
that show realistic dot gain through simulated dot growth.

These and other aims of this invention are accomplished by providing methods and
apparatus that softproof halftone image data substantially in real-time. In particular,
halftone threshold values are calculated and stored in memory for quick retrieval and
reuse. Using the threshold values, halftone output values are calculated for the portions of
the image data that will be displayed on a display device. The calculated halftone output
values also may be stored in memory for quick retrieval and reuse.

Halftone screen parameters may be modified, and new halftone screen threshold
values may be calculated for any affected halftone screens. For unaffected halftone
screens, the previously stored threshold values may be retrieved from memory. In addition,
the portion of the image to be displayed may be modified, and the halftone output values of

the new portion may be calculated and then displayed. Such efficient processing
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techniques allow halftone screening, halftone parameter modification and moiré detection
substantially in real-time,
According to one aspect, the present invention provides a method for soft proofing
image data including a plurality of pixels, the method including:
receiving a halftone screen parameter;
calculating a plurality of halftone screen threshold values based on the
screen parameter;
identifying a plurality of the pixels for display;
generating halfione output data by screening the identified pixels with the
calculated threshold values; and
caching the halftone output data;
displaying the halftone output data on a display device in real-time;
modifying a halftone screen parameter;
calculating updated halftone screen threshold values associated with pixels
affected by the modified screen parameter; calculating updated halftone output data only
for the identified pixels affected by the updated halftone screen displaying the updated
halftone output data for the identified pixels affected by the modified screen parameter and
display the cached haiftone output data for the identified pixels not affected by the
modified screen parameter.
According to one aspect, the present invention provides a method for soft proofing
image data including a plurality of pixels, the method including the steps of:
receiving a halftone screen parameter;
calculating a plurality of halftone screen threshold values based on the screen
parameter;
identifying a first subset of the pixels for display;
generating halftone output data by screening the identified pixels with the
calculated threshold values;
caching the halftone output data;
displaying the halftone output data on a display device in real-time;

identifying a second subset of pixels for display;




2004225390 04 Feb 2009

10

15

20

25

30

PAWPDOCSWAGupecificationst 1260231 | doc- 110172009

“5A-

calculating halftone screen threshold values associated with pixels identified in the
second subset of pixels that do not have corresponding cached halftone output data;

calculating updated halftone output data only for the pixels in the second subset of
pixels that do not have corresponding cached halftone output data with the calculated
halftone screen threshold values; and

displaying on a display device in real-time the halftone output data for the
identified second subset of pixels where the updated halftone data is utilized for the pixels
in the second subset of pixels that do not have corresponding cached halftone output data
and the corresponding cached halftone output data is utilized for the pixels in the second
subset of pixels that do have corresponding cached halftone output data.

According to one aspect, the present invention provides a method for soft proofing
iniagc data including a plurality of pixels, the method including the steps of:

receiving a halftone screen parameter;

calculating a plurality of halftone screen threshold values based on the screen
parameter;

identifying a first subset of the pixels for display;

generating halftone output data by screening the identified pixels with the
calculated threshold values;

caching the halftone output data;

displaying the halftone output data on a display device in real-time;

panning the halftone output data in real-time;

identifying a second subset of pixels for display;

calculating halftone screen threshold values associated with pixels identified in the
second subset of pixels that do not have corresponding cached halfione output data;

calculating updated halftone output data only for the pixels in the second subset of
pixels that do not have corresponding cached halftone output data with the calculated
halftone screen threshold valves; and

displaying on a display device in real-time the halftone output data for the
identified second subset of pixels where the updated halftone data is utilized for the pixels
in the second subset of pixels that do not have corresponding cached halftone output data

and the corresponding cached halftone output data is utilized for the pixels in the second
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subset of pixels that do have corresponding cached halftone output data.

According to one aspect, the present invention provides a method for soft proofing
image data including a plurality of pixels, the method including the steps of:

receiving a halftone screen parameter;

calculating a plurality of halfione screen threshold values based on the screen
parameter,

identifying a first subset of the pixels for display;

generating halfione output data by screening the identified pixels with the
calculated threshold values;

caching the halftone output data;

displaying the halftone output data on a display device in real-time;

zooming the halftone output data in real-time;

identifying a second subset of pixels for display;

calculating halftone screen threshold values associated with pixels identified in the
second subset of pixels that do not have corresponding cached halftone output data;

calculating updated halftone output data only for the pixels in the second subset of
pixels that do not have corresponding cached halftone output data with the calculated
halftone screen threshold values; and

displaying on a display device in real-time the halftone output data for the
identified second subset of pixels where the updated halftone data is utilized for the pixels
in the second subset of pixels that do not have corresponding cached halftone output data
and the corresponding cached halftone output data is utilized foe the pixels in the second

subset of pixels that do have corresponding cached halftone output data.

BRIEF DESCRIPTION OF THE DRAWINGS
The above-mentioned objects and features of the present invention can be more
clearly understood from the following detailed description considered in conjunction with
the following drawings, in which the same reference numerals denote the same elements
throughout, and in which:
FIG. 1 is a block diagram of a previously known soft proofing system;

FIG. 2 is a block diagram of an exemplary process in accordance with this

-10-
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invention;

FIG. 3 is a diagram of an exemplary halftone screen that may be used with methods
and apparatus in accordance with this invention;

FIG. 4 is a diagram of an exemplary contone image that may be processed in
accordance with methods and apparatus of this invention;

FIG. 5A is a diagram of an exemplary portion of the contone image of FIG. 4;

FIG. 5B is a diagram of another exemplary portion of the contone image of FIG. 4;

FIG. 5C is a diagram of another exemplary portion of the contone image of FIG. 4;

FIG. 6 is a diagram of the portion of FIG. 5A overlaid with the exemplary halftone
screen of FIG. 3;

FIG. 7 is a diagram of exemplary halftone output data in accordance with methods
and apparatus of this invention;

FIG. 8 is a block diagram of an alternative exemplary process in accordance with
this invention; and

FIG. 9 is a diagram of two exemplary overlapping portions of the contone image of

FIG. 4.

11-
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DETAILED DESCRIPTION OF THE INVENTION

Referring to FIG. 2, an exemplary embodiment of soft proofing processes in
accordance with this invention is described. Exemplary soft proofing process 20 begins
at step 22, in which contone image data are received. The contone image data may be
provided as any suitablc source of contone data. For example, image data may be
converted from a page description language to a contone bitmap. For color images, the
contone image data preferably are separated into individual color components, such as
CMYXK color components. For printing systems that use “spot colors” to extend the
gamut of colors that may be printed, such as printing systems that use Pantone, Toyo
DIC, HKS, or similar spot colors, the contone image data preferably arc scparated into
CMYK plus spot color components. The separated contone data may be stored in
memory, such as a hard disk, floppy disk, optical disk, read only memory (“ROM”),
random access memory (“RAM”), or any similar memory device.

At step 24, screen parameters, such as screen angle, size, resolution,
frequency, spot function, and other similar screen 'parameters are received for each
halftone screen used to convert contone data to halftone data. For each color channel, a
corresponding halftone screen and corresponding set of screen parameters exists. Thus,
a CMYK + spot color print process includes one halftone screen for each of the C
channel, M channel, Y channel, K channel, and each spot color, with each halftone
screen having its own set of parameters.

At step 26, threshold values for each halftone screen are calculated based on
the parameters received at step 24. Any conventional technique for generating halftone
threshold valucs may be used, For example, the threshold values may be created by
using a spot function, which is a mathematical description of the shape of a halftone
screen and the turn-on sequence for cells that comprise the halftone screen. Once the
threshold values have been created, they may be stored in a memory device, such as a
hard disk, floppy disk, optical disk, ROM, RAM, or similar memory device. In
particular, the threshold values may be stored in a “threshold cache” area of memory for
subsequent quick retrieval. An exemplary halftone screen for a single channel (e.g., Y)
is shown in FIG. 3. Halftone screen 42 includes a 16x16 array of cells 44, with each
cell being equal to the smallest size image or “dot” producible on the print device that
will be used to print the image. Although not shown in FIG. 3, each halftone cell has a

corresponding threshold value.

-12-
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Referring again to FIG. 2, at step 28, the halftone image pixels that will be
displayed on a display device, such as a cathode ray tube or liquid crystal display color
monitor, ate identified. Referring to FIG. 4, an exemplary illustration of a full-scale
contone intage is described. An 8 x 10 inch contone image 50, having peripheral
edges 52, and having a resolution of 2,400 dots per inch (“dpi”) includes
24,000 % 19,200 pixels. The resolution of a conventional color monitor, in contrast,
is 1,280 x 1,024 pixcls. Thus, at a 1:1 resolution, the monitor displays a portion 54 of
image 50 that is approximately 1/ 19" the width and approximately 1/ 19" the length of
the image.

Portion 54 may be identified based on user input. For example, a user may
specify portion 54 via a user interface such as a keyboard, mouse, pointing device, or
any other way for identifying a portion of image 50. Three such exemplary portions
54a, 54b and 54c are shown in expanded detail in FIGS. 5A-5C. For simplicity, unless
otherwise stated, the following discussion will refer to portion 54a of image 50. As
shown in FIG. 5A, portion 54a includes first, second and third areas 56, 58 and 60,
respectively and has edges 62. As discussed in more detail below, for onc color channel
(c.g., Y), area 56 includes image pixels having a first intensity (e.g., 0%), arca 58
includes image pixels having a second intensity (e.g., 33%), and area 60 includes image
pixcls having a third intensity (e.g., 60%).

Referring again to FIG. 2, at siep 30, the separated color data are screened
using the threshold values generated in step 26. In particular, the color data for
portion 54a identified in step 28 are screened. Because only portion 54a will be
displayed, it is unnecessary to screen the entire image 50. As a result, the time required
to generate halftone output data are significantly reduced compared to prior art
techniques.

For each color separation, the haiftone output data for that color are
calculated by comparing the corresponding screen threshold values to the color data on
a pixel-by-pixel basis. If the color data for a specific pixel exceeds the corresponding
threshold value, the halftone output for that pixel is a binary *1.” If, however, the color
data are less than or equal Lo the corresponding threshold value, the halftone output for
that pixel is a binary “0.” The halftone output data may b stored in a memory device,
such as a hard disk, floppy disk, optical disk, ROM, RAM, or similar memory device.
The halftone output data may be stored on the same memory device used to store the

threshold values, or may be stored on a different memory device. Further, the halftone
7
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output data may be stored in a “halftone cache” area of memory for subsequent quick
retrieval.

FIG. 6 shows exemplary portion 54a, overlaid with halftone screens 42. As
described above, each color channel has a corresponding halftone screen. For
simplicity, FIG. 6 shows an array of halftone screens 42 for a single color channel. In
general, halftone screens 42 may be aligned relative to peripheral edges 52 of image 50
(FIG. 4). Thus, depending on the location of portion 54a within image 50, edges 62 of
portion 54a may not align with edges of halftone screen 42. This is illustrated in FIG. 6,
in which halftone screen 42a extends beyond right edge 62. As described above, only
the color image data from portion 54a are screened. Thus, the time required to generate
the halftone output data for portion 54a is significantly reduced.

Referring again to FIG. 2, at step 31, the screened CMYK and spot color
data are color corrected for display in red, green, blue (“RGB”) color space. The color
correction may be any conventional color correction for converting CMYK and spot
color data to RGB data. Additionally, spot colors may be corrected in a CIEXYZ color
space.

Referring again to FIG. 2, at step 32, the screened output data for
portion 54a are displayed on a display device. FIGS. 7 illustrates an cxcmplary display
of halftone output data for a single color channel (e.g., Y) corresponding to portion 54a.
In particular, displayed image 66 includes area 56’, which includes exemplary halftone
spots corresponding to the first intensity (i.e., 0%), area 58’ includes exemplary halftone
spots corresponding to the second intensity (i.e., 33%), and area 60” includes exemplary
halftone spots corresponding to the third intensity (i.e., 60%). Although not shown in
FIG. 7, displayed image 66 also may include halftone output data from one or more of
the other color channels (e.g., C, M, K and any spot colors). Persons of ordinary skill in
the art also will understand that the displayed halftone output data may be conveniently
rotated by 90 degree increments so that the image appears properly oriented to the user.

Referring again to FIG. 2, at step 34, a decision is made whether any of the
screen parameters should be modified. For example, the displayed image 66 may
indicate that the previously sclected screen parameters result in an unacceptable moiré
pattern. As aresult, any of the screen angle, size, resolution, frequency, spot function,
or similar screen parameter may be changed, If the decision at step 34 is NO, the
process ends at step 36. If, however, the decision at step 34 is YES, the process returns

to step 24, wherein modified screen parameters are received.
8
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Based on the modified parameters, the threshold cache and halftone cache
may be selectively cleared. For example, if the screen parameters of only one channel
are modified, the threshold cache and halftone cache data associated with that color

channel may be cleared, and the remaining data may be retained and rensed in

subsequent steps, thereby reducing processing time. Thus, at step 26, threshold values

are generated only for the halftone screens 42 whose parameters have been changed.
Similarly, at step 30, the separated color data are screened only for the channels whose
halftone screen values have been modified. For the other color channels, the data
previously stored in halftone cache are retrieved. At step 32, the halftone output data
are displayed. The screen parameters may again be changed and the process repeated
until a desired set of screen parameters are obtained. Because the screening process is
fast, a user may quickly détemﬂne -- substantially in real-time -- the screen parameters
that optimally may be used to produce a hardcopy output of image 50. Once the desired
set of screen parameters have been obtained, the contone data for the entire image
optionally may be screcned, and the halftone output data for the entire image may be
saved to memory.

Referring now to FIG. 8, an alternative exemplary cmbodiment of soft
proofing process in accordance with this invention is described. Soft proofing
process 20’ includes steps 22-34 as described above with respect to FIG. 2. In addition,
however, after halftone output data are displayed at step 32, a decision is made at
step 38 whether to pan the display to another portion 54’ of image 50. If the decision is
YES, the process returns to step 28 where the halftone image pixels that will be
displayed on the display device are identified based on user-specified input. For
example, a user may specify a new portion 54° by scrolling across image 50 using a
mouse, keyboard, scroll bar, thumbwheel, joystick, or other similar device. An
exemplary new portion 54a’ of image 50 is shown in FIG. 9. The peripheral edge of
portion 542’ is shown in dashed line, and is located one-half a display screen to the left
of portion 54a.

Because the screen parameters have not been modified, the threshold values
need not be recalculated, and may be retrieved from threshold cache. Thus, the
separated color data for new portion 54a” identified in step 28 are screened using the
halftonc screens gencrated in step 26, Once again, the color image data from
portioﬁ 54a’ are screencd, thereby significantly reducing the time required to generate

the halftone output data. In addition, as described above, a portion of the halftone
9
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output data may be retrieved from halftone cache. Thus, for portion 54a’, the
previously stored halftone data corresponding to left half of portion 54a may be
retrieved from memory, thereby eliminating the need to re-screen that same data.

Referring again to FIG. 8, if the decision at step 38 is NO, the process
proceeds to step 40, at which a decision is made whether to reduce or enlarge the data
displayed on the display device. If the decision at step 40 is NO, the process proceeds
to step 34, wherein a decision is made whether to modify the screen parameters. If the
decision at step 40 is YES, however, the process returns to step 28 where the halftone
image pixels that will be displayed on the display device are identified based on user-
specified input.

For example, a user may specify a new portion 54a” by selecting a “zoom”
function to reduce or expand the displayed image using a mouse, keyboard, scroll bar,
thumbwheel, joystick, or other similar device. To expand an image (i.e., to zoom “in”
on the image), halftone output data may be retrieved from the halftone cache, and
interpolation techniques, such as bilinear interpolation or any other similar interpolation
techniques, may be used to vp-sample the data. To contract an image (i.e., to zoom
“out” on the image), the halftone image pixels that will be displayed on a display device
are identified (e.g., portion 54a”” in FIG. 4), the identificd data are screened, and then
the screened output data are down-sampled with interpolated averaging. To preserve
color accuracy, the averaging preferably should be performed in the CIEXY'Z color
space, or its equivalent. Otherwise, artificial moiré may be introduced in the displayed
image, or moiré that actually exists in the halftoned image may not be accurately
displayed. Following averaging, the halftone output data are displayed on the display
device, as described above.

Persons of ordinary skill in the art will understand that the sequence of steps
described above may be changed without departing from the scope and spirit of this
invention. For example, the halftone image pixels that will be displayed may be
identified before the screen parameters are received and the threshold values are
calculated. In addition, the decision to pan or zoom the image may be made before
deciding whether to modify the screen parameters,

Persons of ordinary skill in the art will understand that methods in
accordance with this invention may be implemented by a software application or other
similar computer program running on a general purpose computer, personal computer,

laptop, handheld computer, workstation, or other similar computing device. Persons of
10
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ordinary skill in the art also will understand that methods in accordance with this
invention may be implemented on a computing device as part of an automated image
processing application. For example, an image processing application may be
programmed to automatically detect moiré (e.g., by Fourier analysis or other similar
methods that detect low-frequency patterns of intensity), display an indication that
moiré has been detected (e.g., using red, yellow and green color indicators or a vernicr
scale to convey the severity of moiré detected) and use methods in accordance with this
invention to automatically select the screen parameters to eliminate or reduce moiré.

Persons of ordinary skill in the art further will understand that any form of
screening may be dynamically calculated and viewed, and that some of the steps
described above may be unnecessary. For example, some screening methods may not
generate threshold arrays (e.g., error diffusion dithering) so that generation and
application of the screen is performed in one step. Other screening methods may have
very slow generation of threshold arrays (e.g., stochastic screening), so that it may be
appropriate to precompute threshold values nsing screen parameters that have a high
probability of being selected.

The foregoing merely illustrates the principles of this invention, and various
modifications can be made by persons of ordinary skill in (he art without departing from

the scopc and spirit of this invention.
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The claims defining the present invention are as follows:

1. A method for soft proofing image data including a plurality of pixels, the
method including:
receiving a halftone screen parameter;
calculating a plurality of halftone screen threshold values based on the
screen parameter;
identifying a plurality of the pixels for display;
generating halftone output data by screening the identified pixels with the
calculated threshold values; and
caching the halftone output data;
displaying the halftone output data on a display device in real-time;
modifying a halftone screen parameter;
calculating updated halftone screen threshold values associated with pixels
affected by the modified screen parameter;
calculating updated halftone output data only for the identified pixels affected by
the updated halftone screen threshold values; and
displaying the updated halftone output data for the identified pixels affected by the
modified screen parameter and displaying the cached halftone output data for the identified

pixels not affected by the modified screen parameter.

2. The method of claim 1, wherein the image data includes contone image
data.

3. The method of claim 1, wherein the image data includes CMYK color data.

4. The method of claim 1, wherein the image data includes spot color data.

5. The method of claim 1, wherein the halftone screen parameter includes

screen angle.
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6. The method of claim 1, wherein the halftone screen parameter includes
screen size.

7. The method of claim 1, wherein the halftone screen parameter includes
screen resolution.

8. The method of claim 1, wherein the halftone screen parameter includes
screen frequency.

9. The method of claim 1, wherein the halftone screen parameter includes

screen spot function.

10.  The method of claim 1, wherein:

the receiving step further includes receiving a plurality of halftone screen
parameters, each associated with a corresponding halftone screen; and

the calculating step further includes calculating a plurality of halftone screen

threshold values for each of the halftone screens based on the associated screen parameter.

11. A method for soft proofing image data including a plurality of pixels, the
method including the steps of:

receiving a halftone screen parameter;

calculating a plurality of halftone screen threshold values based on the screen
parameter;

identifying a first subset of the pixels for display;

generating halftone output data by screening the identified pixels with the
calculated threshold values;

caching the halftone output data;

displaying the halftone output data on a display device in real-time;

identifying a second subset of pixels for display;

calculating halftone screen threshold values associated with pixels identified in the

second subset of pixels that do not have corresponding cached halftone output data;

-19-
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calculating updated halftone output data only for the pixels in the second subset of
pixels that do not have corresponding cached halftone output data with the calculated
halftone screen threshold values; and

displaying on a display device in real-time the halftone output data for the
identified second subset of pixels where the updated halftone data is utilized for the pixels
in the second subset of pixels that do not have corresponding cached halftone output data
and the corresponding cached halftone output data is utilized for the pixels in the second

subset of pixels that do have corresponding cached halftone output data.

12, The method of claim 11, wherein the image data includes contone image

data.

13.  The method of claim 11, wherein the image data includes CMYK color
data.

14.  The method of claim 11, wherein the image data includes spot color data.

15.  The method of claim 11, wherein the halftone screen parameter includes
screen angle.

16.  The method of claim 11, wherein the halftone screen parameter includes
screen size. V

17.  The method of claim 11, wherein the halftone screen parameter includes

screen resolution.

18.  The method of claim 11, wherein the halfione screen parameter includes

screen frequency.

19.  The method of claim 11, wherein the halftone screen parameter includes

screen spot function.
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20.  The method of claim 11, wherein:

the receiving step further includes receiving a plurality of halftone screen
parameters, each associated with a corresponding halftone screen;

the calculating step further includes calculating a plurality of halftone screen
threshold values for each of the halftone screens based on the associated screen parameter;
and

the modifying step further includes modifying one of the halftone screen
parameters, and repeating the calculating, identifying, generating and displaying steps

substantially in real-time.

21. A method for soft proofing image data including a plurality of pixels, the
method including the steps of:

receiving a halftone screen parameter;

calculating a plurality of halftone screen threshold values based on the screen
parameter;

identifying a first subset of the pixels for display;

generating halfione output data by screening the identified pixels with the
calculated threshold values;

caching the halftone output data;

displaying the halftone output data on a display device in real-time;,

panning the halfione output data in real-time;

identifying a second subset of pixels for display;

calculating halftone screen threshold values associated with pixels identified in the
second subset of pixels that do not have corresponding cached halftone output data;

calculating updated halftone output data only for the pixels in the second subset of
pixels that do not have corresponding cached halftone output data with the calculated
halftone screen threshold values; and

displaying on a display device in real-time the halftone output data for the
identified second subset of pixels where the updated halftone data is utilized for the pixels

in the second subset of pixels that do not have corresponding cached halftone output data
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and the corresponding cached halftone output data is utilized for the pixels in the second

subset of pixels that do have corresponding cached halftone output data.

22.  The method of claim 21, wherein the image data includes contone image

data.

23.  The method of claim 21, wherein the image data includes CMYK color
data.

24.  The method of claim 21, wherein the image data includes spot color data.

25.  The method of claim 21, wherein the halftone screen parameter includes

screen angle.

26.  The method of claim 21, wherein the halftone screen parameter includes

screen size.

27.  The method of claim 21, wherein the halftone screen parameter includes

screen resolution,

28.  The method of claim 21, wherein the halftone screen parameter includes

screen frequency.

29, The method of claim 21, wherein the halftone screen parameter includes

screen spot function.

30. A method for soft proofing image data comprising a plurality of pixels, the
method including the steps of:

receiving a halftone screen parameter;

calculating a first subset of halftone screen threshold values based on the screen

parameter;
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identifying a first subset of the pixels for display;

generating halfione output data by screening the identified pixels with the
calculated threshold values;

caching the halftone output data;

displaying the halftone output data on a display device in real-time;

zooming the halftone output data in real-time;

identifying a second subset of pixels for display;

calculating halftone screen threshold values associated with pixels identified in the
second subset of pixels that do not have corresponding cached halftone output data;

calculating updated halftone output data only for the pixels in the second subset of
pixels that do not have corresponding cached halftone output data with the calculated
halftone screen threshold values; and

displaying on a display device in real-time the halftone output data for the
identified second subset of pixels where the updated halftone data is utilized for the pixels
in the second subset of pixels that do not have corresponding cached halftone output data
and the corresponding cached halftone output data is utilized for the pixels in the second

subset of pixels that do have corresponding cached halftone output data.

31. The method of claim 30, wherein zooming includes expanding the displayed image.

32. The method of claim 30, wherein zooming includes interpolating the halftone output

data.

33. The method of claim 30, wherein zooming includes averaging the halftone output data.

34. The method of claim 33, wherein averaging includes averaging the halftone output data
in the CIEXYZ color space.

35. A method for soft proofing image data substantially as herein described with reference

to the accompanying figures.
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