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A page that is designated by a page description language
representation is printed using first and second print units,
wherein each print unit prints a portion of the page. A first RIP
rasterizes the page description language representation to
generate a first raster image representation that is printed by

CHICAGO, IL 60606 (US) the first unit. A second RIP rasterizes the page description
language representation to generate a second raster image
(21) Appl. No.: 11/985,917 representation that is printed by the second unit.
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SYSTEM AND METHOD OF OPERATING A
RASTER IMAGE PROCESSOR

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] Not applicable

REFERENCE REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] Not applicable
SEQUENTIAL LISTING
[0003] Not applicable
BACKGROUND OF THE INVENTION
[0004] 1. Field of the Invention
[0005] The present invention relates generally to printing

systems and more particularly to a system that generates data
to be printed by a plurality of printing cartridges.

[0006] 2. Description of the Background of the Invention
[0007] Composition programs such as QuarkXpress™ and
Adobe InDesign™ enable a document designer to specify the
content that is to appear on one or more pages of a document.
Thereafter, the composition program generates a representa-
tion of the pages of the document in accordance with a page
description language (PDL) such as PostScript or Portable
Document Format (PDF) developed by Adobe Systems, Inc.,
or Printer Command Language (PCL) developed by Hewlett
Packard, Inc. A raster image processor (RIP) generates a
raster image representation of each page of the document
from the PDL representation. The raster image representation
may be used by a platemaker to create plates that are used on
lithographic presses, an engraver to create engraved cylinders
for a gravure press, or by a controller to drive the print units in
adigital press. The raster image representation may be bitmap
representation (one bit per pixel), a grayscale representation,
or a color representation.

[0008] If a document incorporates variable data then the
designer uses the composition program to create a template
that specifies content of the fixed portion of the document
(i.e., those portions that are not variable) and information
regarding the position and content of the variable data areas.
The designer may use a composition program that is special-
ized for creating the template. Alternately, the designer may
use a composition program like InDesign or QuarkXPress
with a plug-in or an XTension (a type of plug-in that works
with by QuarkXPress) that allows the specification of infor-
mation regarding variable data areas of a document. An
example of a composition system that may be used to create
templates is described in Warmus et al., U.S. Pat. No. 6,327,
599, that is incorporated herein by reference. A data system
combines information from a database with the template to
generate PDL representations of the pages that represent the
renditions of the variable data documents. The PDL represen-
tations may be in PostScript or PDF as described above or in
formats (languages) designed to facilitate representation of
renditions of variable data documents such as PPML, PPML/
VDX, VPS, etc. The PDL representation may also be in page
description languages based on PostScript or PDF that extend
such formats through additional operators or libraries.
[0009] A RIP uses the PDL representation of the pages
generated by the data system to create raster image represen-
tations of the pages for printing on a digital press. Such raster
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image representations are sent to one or more controllers in
the press. The press controllers use the raster image represen-
tations to control printing by the press. The digital press may
use any of number of printing technologies including electro-
photography, ion deposition, magnetography, or ink jet.
[0010] Some printing systems use a printing unit that is
capable of printing an raster image representation that is the
width of a substrate supported by the printing system. How-
ever, the cost and complexity of such printing units increases
as the width of the raster image representation printed
thereby. To overcome this problem, printing systems have
been developed where a first and a second printing unit are
arranged such that the first printing unit prints a first swath of
afirst raster image representation and the second printing unit
prints a second swath of a second raster image representation,
wherein the first swath is printed adjacent to the second swath.
In this fashion, a printing system have use two printing units,
wherein each printing unit is able to print a 12 inch wide
swath of a raster image representation, to print on a substrate
that is 24 inches wide. Similarly, a printing system may use
more than two printing units arranged in this manner to print
on even wider substrates.

[0011] A RIP is associated with each printing unit of the
printing system in which multiple print units are arranged to
achieve a print width wider than the print width of an indi-
vidual printing unit. Each RIP generates a raster image rep-
resentation that is as wide as the printing unit associated
therewith. Furthermore, typical RIPS operate on page bound-
aries. If a page is to be printed on the region of the substrate
where a swath printed by a first printing unit abuts a swath
printed by the second printing unit, the page must be com-
posed using the composition system as two sub-pages. In
particular, a first sub-page is composed that contains the
information to be printed by the first printing unit and a
second sub-page is composed that contains information to be
printed by the second printing unit. Separate PDL represen-
tations are created for each of the first and second sub-pages,
which are sent to the RIPs associated with first printing unit
and the second printing unit, respectively. If a content element
(e.g., an image or a text box) spans the boundary between the
first sub-page and the second sub-page, the content element
must be split into two sub-elements, wherein the first sub-
element is part of the first sub-page and the second sub-
element is part of the second sub-page. The splitting of the
page and, possibly, the components thereof requires operator
skill or additional features in composition tools. In addition,
once a page is split into two sub-pages, the resulting sub-
pages are bound to a particular type of printing system that is
defines dimensions of the sub-pages. If the page is split in
accordance with the characteristics of a first printing system
and then needs to be printed on a second printing system (e.g.,
one with printing units that have a different print width), the
page may have to be split again into sub-pages in accordance
with the second printing system. For these reasons, it is dif-
ficult to use existing composition systems and RIP’s to a
generate raster image representation of a page that spans
multiple printing units of a printing press.

SUMMARY OF THE INVENTION

[0012] According to one aspect of the invention a system
for printing a page designated by a page description language
representation includes first and second print units and a first
RIP that rasterizes the page description language representa-
tion to generate a first raster image representation used by the
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first print unit to print a first portion of the page. The system
further includes a second RIP that rasterizes the page descrip-
tion language representation to generate a second raster
image representation used by the second print unit to print a
second portion of the page.

[0013] Other aspects and advantages of the present inven-
tion will become apparent upon consideration of the follow-
ing detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 shows an embodiment of a system for print-
ing three pages using two print units.

[0015] FIG. 2 shows an embodiment of a system for print-
ing a page using two print units.

[0016] FIG. 3 shows an embodiment of a system for print-
ing a page using three print units.

[0017] FIGS. 4A-4C illustrate how raster image represen-
tations of pages may be created by embodiments of the sys-
tems shown in FIGS. 1 and 2.

[0018] FIG. 5 illustrates parameters used by embodiments
of the systems shown in FIGS. 1-3.

[0019] FIG. 6 shows a flowchart of processing undertaken
by embodiments of the systems shown in FIGS. 1-3.

[0020] FIG. 7A-7D illustrate how raster image representa-
tion of pages that may be created by embodiments of the
systems shown in FIGS. 1 and 2.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0021] FIG. 1 shows how a composition and printing sys-
tem are used to print three pages of content 102-A, 102-B, and
102-C onto a substrate 104 using two print units 106-A and
106-B. In particular, a composition program 108 is used to
define content and position of the elements that are to be
printed on each of the pages 102-A, 102-B, and 102-C. The
composition program 108 generates a PDL representation of
each page. Optionally, a data system 110 processes each PDL
representation generated by the composition system to incor-
porate variable data from a database or perform other post-
composition processing using the PDL. Processing of the
PDL by the data system 110 results in another PDL that in the
same format (e.g., PostScript, PDF, PCL, etc) generated by
the composition system 108 or in a different PDL format. In
one embodiment, the composition system 108 produces first
PDL representations of the three pages to be printed in a
modified PDF format that uses PDF annotations to specify
information regarding position and content of elements to be
printed on each page. The data system 110 uses each of the
PDL representations generated by the composition system to
generate second PDL representations for the pages to be
printed in a proprietary format similar to PostScript. The
second PDL representation specifies the content of the pages
to be printed in accordance with the PDF annotations in the
first PDL representation. The data system 110 provides the
PDL representations that specify the content of pages 102-A
and 102-B to afirst RIP 112-A that is associated with the print
unit 106-A. In addition, the data system 110 provides the PDL
representations of pages 102-B and 102-C to a RIP 112-B that
is associated with the print unit 106-B.

[0022] The data system 110 may also be used to impose
PDL representations of pages generated by the composition
system. Imposing the PDL’s involves selecting which pages
are to be printed adjacent to one another or which pages are to
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be printed on opposite sides of a sheet (e.g., for duplexing).
The data system 110 may also be used to convert the PDL
representation of a page from a first format (e.g., PDF) pro-
duced by the composition system into a second format (e.g.,
PostScript) that may be consumed by the RIP.

[0023] As noted above, the data system 110 is optional and
in some embodiments, the composition system 108 generates
and provides PDL representations of pages 102-A and 102-B
to the RIP 112-A and PDL representations of pages 102-B
and 102-C to the RIP 112-B.

[0024] The RIP 112-A uses the PDL representation of the
pages 102-A and 102-B, from either the data system 110 or
the composition system 108, to generate raster image repre-
sentations of these pages. In particular, the RIP 112-A gen-
erates a raster image representation of the page 102-A and a
portion of the page 102-B that are to be printed using the print
unit 106-A. These raster image representations are provided
to a controller 114-A that controls the operation of the print
unit 106-A. In one embodiment, the print unit 106-A uses a
plurality of ink jet nozzles to transfer ink onto the paper 104
and the controller 114-A controls the firing of the individual
ink jet nozzles that comprise the print unit 1060A. In another
embodiment, the print unit 106-A may use electrophotogra-
phy and the controller 114-A controls a charge source (e.g.,
laser, LED) to select where a charge is placed on an electro-
photographic drum. It should be apparent that although the
embodiments of printing system described herein refer to
printing on paper, such printing system may be adapted for
printing onto other types of substrates by one skilled in the art.
Examples of other types of substrates include textiles, plas-
tics, vinyl, foils, etc.

[0025] The RIP 112-B operates in a manner similar to the
RIP 112-A described above, except that the RIP 112-B pro-
duces a raster image representation of a portion of the page
102-B and of the page 102-C, and such raster image repre-
sentations are used by a controller 114-B to control the print
unit 106-B.

[0026] In some embodiments the RIP 112-A generates a
raster image representation of only those page elements of the
page 102-B that are to be printed using print unit 106-A. In
addition, if an element of the page 102-B straddles the bound-
ary between the portions of the page 102-B to be printed by
the print units 106-A and 106-B, the RIP 112-A produces a
raster image representation of only that portion of the element
that to be printed by the print unit 106-A. Similarly, the RIP
112-B produces a raster image representation of only that
portion of the element that is to be printed by the print unit
106-B.

[0027] In another embodiment, the RIP 112-A produces a
raster image representation of the entire element that
straddles the boundary and includes such raster image repre-
sentation into the raster image representation that is provided
to the controller 114-A. The controller thereafter clips the
raster image representation to in accordance with the portions
of'the page 102-A and 102-B that are to be printed by the print
unit 106-A. Note that the RIP 112-A provides a raster image
representation to the controller 114-A that contains the raster
image representations of the page 102-A and the portion of
the page 102-B that is to be printed by print unit 106-A.
[0028] In some embodiments, the print units 106-A and
106-B are comprised of ink jet printing cartridges. Referring
once again to FIG. 1, the print unit 106-A comprises printing
cartridges 116- A through 116-F and the image representation
generated by the RIP 114-A is stitched among these printing
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cartridges 116-A through 116-F. Specifically, the image rep-
resentation is divided into swaths, and each of the cartridges
116-A through 116-F prints one swath of the image. Printing
of all of the swaths adjacent to one another results in a printed
representation of the entire raster image representation pro-
duced by the RIP 114-A. Print units comprised of ink jet
cartridges are described in jointly assigned U.S. patent appli-
cation Ser. No. 11/701,802, filed on Feb. 2, 2007, and U.S.
Provisional Application Ser. No. 60/765,353, filed on Feb. 3,
2006. Both of these applications are incorporated herein by
reference in their entirety.

[0029] The controller 114-A coordinates the division of an
image into swaths and the printing of each swath by one of the
printing cartridges 116-A through 116-F. In particular, each
line of the raster image representation created by the RIP
112-A is divided into segments and raster data corresponding
to each segment is used to determine when a nozzle of the
printing cartridge that is to print that segment ejects ink.
[0030] Insomeembodiments, the cartridges 116-A through
116-F that comprise the print unit 106-A are mounted on a
carrier plate. The carrier plate has apertures cut therein that
are, typically, precisely positioned. The apertures provide a
means to affix the cartridges to the carrier plate in particular
positions. The printing cartridges 116-A through 116-F may
be affixed to the carrier directly, or amount (or holder) may be
affixed to the carrier semi-permanently and a printing car-
tridge may be inserted into the mount. Such mounts allow a
cartridge to be easily inserted and removed (e.g., for mainte-
nance), yet the mount provides sufficient support to the car-
tridge to prevent movement thereof during operation.

[0031] The print unit 106-B may be similar to the print unit
106-A and be comprised of printing cartridges 118-A through
118-F. In this case, the controller 114-B divides the raster
image representation generated by the RIP 112-B into swaths
for printing using the printing cartridges 118-A through
118-F in a manner identical to that described above with
respect to the print unit 106-A. It is possible to use two print
units 106-A and 106-B, where in the print unit 106-A is
comprised of printing cartridges 116-A through 116-F but the
print unit 106-B is a discrete printing unit (i.e., is not com-
prised of printing cartridges). It is even possible that the print
units 106-A and 106-B use different printing technologies.
[0032] FIG. 2 illustrates printing of one page 202 using the
print units 106-A and 106-B. Specifically, the composition
system 108 is used to specitfy the content and position of the
elements that are to be printed. The system 108 provides a
PDL representation of the page 202 to the data system 110 or
directly to the RIPs 112-A and 112-B as described above. If
the data system 110 is used then the data system 110 generates
another PDL representation of the page and provides such
PDL representation to the RIPs 112-A and 112-B. The RIP
112- A generates a first image representation of the portion of
the page 202 that is to be printed by the print unit 106-A and
the RIP 112-B generates a second image representation of the
portion of the page 202 that is to be printed by print unit
106-B. The controller 114-A uses the first image representa-
tion to control printing by the print unit 106-A and the con-
troller 114-B uses the second image representation to control
printing by the print unit 106-B.

[0033] FIG. 3 shows how one page 202 may be printed on
a substrate 104 using three print units 106-A, 106-B, and
106-C and wherein each such printing unit prints a portion of
the page 202. In particular, the composition system 108 gen-
erates a PDL representation of the page 202 which may be
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used by the optional data system 110 to produce another PDL
representation of the page. The PDL representation produced
by the composition system 108 or, if it is being used, the data
system 110 is provided to each of the RIP’s 112-A, 112-B,
and 112-C. The RIP 112-A generates a raster image repre-
sentation of the portion of the page 202 that the print unit
106-A is to print. The controller 114- A uses such raster image
representation to control the print unit 106-A to print the
portion of the page 102 that is to be printed thereby. Similarly,
the composition system 108 or the data system 110 generate
a PDL representation of the page 102 that is used by the RIP’s
112-B and 112-C to generate raster image representations of
the portions of the page that are printed by the print units
106-B and 106-C, respectively. The controller 114-B uses the
raster image representation generated by the RIP 112-B to
control the print unit 106-B to print the portion of the page
102 thereby. The controller 114-C uses the raster image rep-
resentation generated by the RIP 112-C and controls the print
unit 106-C to print the portion of the page that is to be printed
by such print unit.

[0034] FIG. 4A illustrates a page 300 that an embodiment
of the system shown in FIG. 2, which uses two print units,
may produce. The page 300 comprises three elements 302,
304, and 306. These elements may be, for example, images or
text boxes. The line 308 illustrates how the print units 106-A
and 106-B print the page 300. That is, the print unit 106-A
prints a first portion 310 of the page 300 and the print unit
106-B prints a second portion 312. The composition system
108 generates a PDL representation of the entire page 300.
The RIPs 102-A and 102-B receive a PDL representation of
the entire page 300 from either the composition system 108 or
the data system 110 (as described above).

[0035] FIG. 4B shows a first image representation 314 that
one embodiment of the RIP 112-A produces for the first
portion 310 of the page 300 that is to be printed by the print
unit 106-A. Note that only the portion of the element 304 that
is to be printed by the print unit 106-A is included in the first
image representation 314. FIG. 4B also shows a second image
representation 316 that the RIP 112-B produces for the sec-
ond portion 312 of the page 300 and that is to be printed by the
print unit 106-B. Only the portion of the element 304 that is to
be printed print unit 106-B is included in the raster image
representation.

[0036] FIG. 4C shows a first image representation 318 that
another embodiment of the RIP 112-A produces for the first
portion 310 of the page 300. This embodiment includes the
entire element 304 in the first image representation 318. The
RIP 112-A provides to the controller 114-A information that
the controller 114-A uses to select the region of the first raster
image representation 318 to print using the print unit 106-A.
Such information may be provided as coordinates of a rect-
angle that defines a boundary of the selected region. Alter-
nately, the RIP may provide the controller 114-A with an
offset into the raster image representation and the width of the
raster image representation that is to be printed by the print
unit 106-A. The controller 114-A uses the data in the selected
region of the raster image representation 318 provided by the
RIP 112-A to control printing by the print unit 106-A. The
raster image representation 320 generated by the RIP 112-B
is used in a similar fashion by the controller 114-B to control
printing of'the second portion 312 of the page 300 by the print
unit 106-B. It should be apparent that the controller 114-A
may use the raster image representation 314 and the control-
ler 114-B may use the raster image representation 320 to
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cause print units 106-A and 106-B, respectively, to print the
page 300. Similarly, the controller 114-A may use the raster
image representation 318 and the controller 114-B may use
the raster image representation 316 to cause print units 106-A
and 106-B, respectively, to print the page 300.

[0037] FIG. 5 shows how the printing of a page 402-A on a
substrate 404-A is accomplished using two print units 406-A
and 406-B. In one embodiment, the operator defines the width
of the page to be printed (1,,,,,,,) and a value (I 4.,) offset into
the image representation that represents the first pixel that is
to be printed by the print unit. In addition, for each print unit
the operator defines the maximum print width of the print unit
(P,,..), an offset into the print unit with which the image to be
printed is aligned (P, ,), and the width of the image that the
print unit is to print (P,,,,;). The value P, defines the
position the swath of pixels pixel represented by the value
Iz, 1s to be printed. Therefore, in order to print the page
402-A using print units 406-A and 406-B, the operator
defines the value 1,,, ,,, to indicate the width of the page that is
to be printed (which is typically identical to the width of the
raster image representation of the page). The operator also
defines, for the first print unit 406-A, values P1,,,., P14,
and P1,,, ,,, that correspond to the parameters P, P, ., and
P, > respectively, described above. The value of the I,
with respect to the print unit 406-A is O because the print unit
406-A prints the portion of the page 402-A that begins at the
left-most pixel of the raster image representation of the page
402-A. The parameter I,z is not shown in FIG. 5 6 because
the value thereof is zero.

[0038] Similarly, the values 12,5, P2,,. and P2, ..,
shown in FIG. 5 correspond to the values of the parameters
L sers Praxs a0d P, 4, respectively, associated with the print
unit 406-B. As should be apparent, the value of P, ., for the
print unit 406-B is 0 because the portion of the raster image
representation that is to be printed thereby is aligned with the
left edge of the print unit 406-B. Therefore, the parameter
P, e 18 not shown in FIG. 5. In some embodiments, a graphi-
cal user interface is provided to an operator by the composi-
tion system to facilitate defining such parameters. In other
embodiments, the composition system may calculate some or
all of these parameters using page layout information pro-
vided by the operator. In still other embodiments, some of
these values (e.g., P1,, ) may be predetermined based on
characteristics of the printing system that is used. Although,
definition of parameters associated with two print units is
illustrated in F1G. 5, it should be apparent how parameters for
printing systems comprising additional print units may be
defined in a similar fashion.

[0039] FIG. 6 shows a flowchart 500 of how a RIP generates
data for a print unit using a PDL representation of a page
provided thereto by the composition system. It is assumed
that the values ofthe parameter [, , ;,;, associated with the page
represented by the PDL and the values of the parameters
Lser Praxs Pogser @and P, associated the controller and
print unit for which the RIP is to produce a raster image
representation have been provided to the RIP. At a block 502,
the RIP initializes a raster image representation that has a
width of at least P,,,. pixels in accordance with the pixel
resolution (i.e., pixels per inch or pixels per centimeter) of the
print unit associated with the RIP. A block 504 interprets the
PDL representation to create a display list.

[0040] Thedisplay lists have been used by PDL interpreters
and are known in the art. Typically, a display list is an array of
elements that are defined by the PDL representation of the
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page. For example, if the PDL representation uses the PDF
format, then the display list may contain an element for each
object defined in the PDL that produces marks on apage (e.g.,
rendering of an image, or text block). In some embodiments,
if the PDL representation is in PostScript, then each element
of the display list may contain rendering commands corre-
sponding to the PostScript commands that are interpreted
between saving and restoring of a graphics state. In other
embodiments, an element is created in the display list each
time a new path is started.

[0041] In some embodiments, the elements of the display
list are primitive drawing commands. In other embodiments,
the elements are references to bitmaps or image data, typi-
cally, created from the PDL.

[0042] A block 506 is optional and orders the elements of
the display list in accordance with the horizontal position of
each element. If the block 506 is not used then processing
proceeds from the block 504 to a block 508. The block 508
sets the value of a variable N to the number of elements in the
display list and a block 510 sets the value of a variable i to
zero. A block 512 determines if the value 1 is less than the
value N and, if so, continues to a block 514. The block 514
sets a variable E to the i element of the display list (assuming
that indexes into arrays are zero based as is common with
many programming languages such as C, Objective-C, C++,
and Java). A block 516 sets the value of a variable x to the
x-origin of the element E with respect to the origin of the page
represented by the PDL representation. A block 518 sets the
value of a variable w to the width of the element E (or the
bounding box of the element E if such element is rotated). A
block 520 increments the value of 1.

[0043] A block 522 determines if the value of x is less than
the value of the parameter [, and if so proceeds to a block
524. The block 524 determines if the value of x is less than the
value of the sums of the parameters P, ,, and P, . If the
block 524 evaluates to true then the element is within the
portion of that page that is to be printed by the print unit
associated with the RIP and so processing proceeds to the
block 526, which adds a raster image representation of the
element E to the raster image representation of the page. If the
element E comprises a raster image representation of the
element E at the resolution of the raster image representation
initialized at the block 502, then the raster image representa-
tion of the element E is copied (e.g., using a memory copy or
a BitBLT type of operation) into the raster image representa-
tion initialized at the block 502. If the resolution of the two
raster image representations are not identical, then the raster
image representation of the element E is up-sampled or down-
sampled so that the resolution thereof is identical to the raster
image representation initialized at the block 502. The
up/down-sampled version of the raster image representation
of the element E is thereafter copied into the raster image
representation initialized at the block 502.

[0044] If either of the blocks 522 or 524 evaluate to false,
processing returns to the block 512. Processing continues in
this manner until all of the elements of the display list have
been considered and the comparison in block 512 evaluates to
a false. Thereafter, processing proceeds to a block 528 that
makes the raster image representation of the page available to
the controller associated with the RIP. In some embodiments,
block 528 sends the raster image representation created by the
RIP to the controller. In other embodiments, the block 528
marks the raster image representation created by the RIP as
completed and provides the raster image representation to the
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controller on demand. In still other embodiments, the block
528 provides the raster image representation to the controller
as demanded by the controller one raster line at a time. Typi-
cally, the RIP uses a double buffering scheme, wherein ele-
ments are added to one raster image representation while
another, previously completed, raster image representation is
being provided to the controller.

[0045] Referring once again to FIG. 1, as described above
the composition system 108 or the data system 110 provides
to the RIP 112-A the PDL representations of the page 102-A
and the page 102-B. The RIP 112-A uses the processing
illustrated in FIG. 6 to rasterize both PDL representations into
one raster image representation that is provided to controller.
Such raster image representation comprises all of the ele-
ments of the pages 102-A and 102-B that are to be printed by
the print unit 106-A. In particular, the display list created at
the block 504 of FIG. 6 includes the elements defined by the
PDL representations of pages 102-A and 102-B. Thereafter,
the blocks 506 through 528 operate using the display list as
described above.

[0046] In some embodiments of a RIP, the raster image
representation of a portion of a page to be printed is generated
in a memory thereof (e.g., by the blocks 502-526) and com-
prises only those page elements that are to be provided to the
controller associated with the RIP.

[0047] FIG. 7A shows how a page description language
representation of a page 700. The page 700 is printed using
three print units, wherein a first print unit prints a portion 702
of'the page 700 delimited by lines 704 and 706, a second print
unit prints a portion 708 delimited by lines 706 and 710, and
a third print unit prints a portion 712 delimited by lines 710
and 714. Note that the lines 704, 706, 710, and 714 are shown
for illustration only and do not comprise the pages 702, 708,
or 712. The portion 702 comprises an element 722 and a
portion of an element 718. The portion 708 of the page 700
comprises an element 716 and portions of the element 718
and an element 720. The portion 712 of the page 700 com-
prises an element 724 and a portion of the element 720.
[0048] As described above, each of the first, second, and
third print units that print the page 700 are associated with a
RIP. Each RIP receives the page description language repre-
sentation of the page 700 and generates a raster image repre-
sentation of the portion of the page that is to be printed by the
print unit associated with the RIP. In particular, a RIP asso-
ciated with the second print unit generates and provides to a
controller associated with the second print unit a raster image
representation of the portion 708 of the page 700. The raster
image representation includes at least the element 716 and a
portion of the element 718 and a portion of the element 720.
[0049] Each RIP comprises a page buffer (i.e., memory)
into which the raster image representation generated thereby
is stored and the memory is read and provided to the control-
ler associated with the print unit. The raster representation of
each element that comprises (either wholly or a partially) the
raster image representation is stored in the page buffer at a
memory location that corresponds to the location where the
element is to appear in the raster image representation.
[0050] In some embodiments, the RIP comprises a page
buffer that is larger that the portion of the page is to be printed
by the print unit that is associated with the RIP. The bound-
aries of the page buffer delimit a rasterization region of the
page buffer. The portion of the page buffer that is sent to the
controller associated with the print unit and printed thereby
represents a printable region of the page buffer. In such
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embodiments, the RIP compares the boundary of each ele-
ment that is represented in the page description language and
if any portion of the element is within the printable region, a
raster representation of the element is added to the page
buffer. Furthermore, any elements that have boundaries that
are within the boundaries of the rasterizable region are also
added to the page buffer. Only those elements that are par-
tially in the printable region and whose boundaries extend
beyond a boundary of the rasterizable region are clipped.
Such elements are clipped to the boundaries of the rasteriz-
able region. After all such elements are processed in this
manner, the portion of the page buffer that comprises the
printable region is provided to the controller associated with
the print unit.

[0051] FIG. 7B illustrates how the portion 708 of the page
700 shown in FIG. 7A is rasterized by an embodiment of the
RIP described in the foregoing. In particular, the RIP com-
prises a page buffer that has a rasterizable region 726. The
memory of the RIP used for the page buffer is at least suffi-
cient to hold the rasterizable region but may be larger. The
lines 706 and 710 and the top and bottom boundaries of the
page defined by page description language delimit the portion
708 of the page 700 that is to be printed (and also the printable
region). As shown in FIG. 7B, the top and bottom boundaries
of'the rasterization region 726 may extend beyond the top and
bottom boundaries of the printable region 710. The element
716 is added to the page buffer because such element is
completely within the printable region 708 and the rasteriza-
tion region 726. The elements 718 and 720 are added to the
page buffer because at least a portion of each such element is
within the printable region 710. The elements 718 is added in
the entirety thereofto the page buffer because the boundary of
the element 718 does not extend beyond the boundary of
rasterizable region 726; however, only a portion of the ele-
ment 720 is added to the page buffer because the boundary
thereof extends beyond the boundary of the rasterizable
region. In particular, the boundary of the element 720 is
clipped in accordance with the boundary of the rasterizable
region 726. The elements 722 and 724 of the page 700 are not
added to the page buffer because such elements are outside of
the printable region 710.

[0052] FIG. 7C illustrates how the page 700 shown in FIG.
7A is rasterized by another embodiment of a RIP described
above. As with the embodiment shown in FIG. 7B, the RIP
comprises a page buffer having the rasterizable region 726
and the printable region 708. The embodiment of the RIP
shown in FIG. 7C adds all elements of the page 700 that are
within the rasterizable region including those that are outside
of the printable region. The elements 716 and 718 and a
portion of the element 720 are added to the page buffer for
reasons identical to those described above in connection with
FIG. 7B. Furthermore, the entire element 722 is added to the
page buffer because the element 722 is wholly within the
rasterization region. The element 724 is not added to the page
buffer because no portion of the element 724 is in the print-
able region 710 and because a portion of the element 724 is
outside the rasterization region.

[0053] Generally, throughput of the RIP should improve as
the number of comparison operation performed to determine
whether to add an element to the page buffer is reduced or the
number of elements that are clipped is reduced.

[0054] FIG. 7D illustrates the raster image representation
of'the portion 710 of the page 700 that is generated from the
printable portions shown in FIGS. 7B and 7C. Typically, only
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those bytes of the rasterizable region 726 that comprise the
printable region 710 are selected to comprise the raster image
representation. Typically, the RIP iteratively selects contigu-
ous bytes of the rasterizable portion (or the page buffer) that
correspond to each row of the raster image representation.
[0055] In some embodiments the RIP is implemented as
software executed in a computer and software may be written
using Java, C, C++, or other common programming lan-
guages. In other embodiments, the RIP is implemented as a
combination of software and hardware components. It should
be apparent that portions of the RIP (e.g., those requiring high
throughput) may be implemented using field programmable
gate arrays (FPGAs) or application specific integrated cir-
cuits (ASICs).

[0056] It should be apparent that the above-described print-
ing system may comprise any number of print units to print on
sheets or webs of paper of any width. In particular, the width
of'the paper is limited by the ability to transport the paper and
not by any limitations related to the number of printing units
that may be used in the printing system. It should also be
apparent, that any number of pages may be simultaneously
printed by a particular print unit of a printing system, wherein
a page is defined by a PDL representation. Specifically, the
number of such pages may only be limited by the resolution of
the print unit.

INDUSTRIAL APPLICABILITY

[0057] Numerous modifications to the present invention
will be apparent to those skilled in the art in view of the
foregoing description. Accordingly, this description is to be
construed as illustrative only and is presented for the purpose
of'enabling those skilled in the art to make and use the inven-
tion and to teach the best mode of carrying out same. The
exclusive rights to all modifications which come within the
scope of the appended claims are reserved.

I/We claim:

1. A system for printing a first page designated by a first
page description language representation, wherein the system
comprises:

a first print unit;

a second print unit;

a first RIP for rasterizing the first page description lan-
guage representation to generate a first raster image
representation used by the first print unit to print a first
portion of the page; and

a second RIP for rasterizing the first page description lan-
guage representation to generate a second raster image
representation used by the second print unit to print a
second portion of the page.

2. The system of claim 1 further comprising a controller,
wherein the controller controls the first print unit in accor-
dance with the first raster image representation.

3. The system of claim 2, wherein the first print unit com-
prises an inkjet head and the controller controls ejection of ink
from the nozzles of the inkjet head.

4. The system of claim 3, wherein the first print unit uses
electrophotography.

5. The system of claim 1, wherein the first print unit prints
a portion of a second page adjacent to the first portion of the
first page, wherein the second page is designated by a second
page description language representation.

6. The system of claim 5, wherein the first RIP rasterizes
the first and the second page description language represen-
tations to generate the first raster image representation.
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7. The system of claim 6, wherein the first RIP develops a
display list that comprises elements designated in the firstand
the second page description language representations.

8. The system of claim 1, wherein the first RIP includes a
page buffer that is larger than the first raster image represen-
tation of the first page.

9. The system of claim 8, wherein a raster representation of
an element designated in the first page description language
specification is stored in the page buffer, wherein a portion of
the stored raster representation of the element is not used by
the first print unit.

10. The system of claim 8, wherein the portion of the RIP
is implemented using an FPGA or an ASIC.

11. A method for printing a first page designated by a first
page description language representation, wherein the
method comprises the steps of:

rasterizing the first page description language representa-

tion to generate a first and a second raster image repre-
sentation, wherein the first and second raster image rep-
resentations are generated by a first and a second raster
image processor, respectively;

controlling a first print unit in accordance with the first

raster image representation to print a first portion of the
first page;

controlling a second print unit in accordance with the sec-

ond raster image representation to print a second portion
of the first page; and

wherein the first and second portions of the first page are

printed adjacent to each other.

12. The method of claim 11, wherein the step of controlling
the first print unit comprises the further step of controlling the
first print unit to print at a portion of a second page, wherein
the second page is designated by a second page description
language representation and wherein the portion of the sec-
ond page is printed adjacent to the first portion of the first
page.

13. The method of claim 11, wherein the method comprises
the step of merging a template with a data from a database to
develop the first page description language.

14. The method of claim 11, wherein the step of controlling
a first print unit comprises the further step of controlling ink
jet head in accordance with the first raster image representa-
tion.

15. The method of claim 11, wherein the step of rasterizing
the first page description language representation comprises
the step of creating a display list.

16. The method of claim 11, wherein the first and the
second raster image representations are identical.

17. The method of claim 11, wherein the page description
language includes the step of rasterizing an element repre-
sented designated in the first page description language speci-
fication.

18. The method of claim 17, wherein the first raster image
processor includes a page buffer and the method comprises
the step of adding a raster image representation of the element
to the page buffer.

19. The method of claim 18, wherein the step of adding the
raster image representation of the element to the page buffer
comprises the step of adding a portion of the raster image
representation of the element that is not printed by the first
print unit.



