H [ABSTRACT]

A method for printing more than one print job on a web based printer
divides the web into logical print zones. Print jobs are assignad to
different print zones by a multiplexer. The width and length of the
print zones can vary during the printing as function of the print

jobs. The method reduces the waste of unprinted substrate.

Fig. 4
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ICLAIMS])

1. A method for rendering multiple print jobs, the method comprising
the steps of:

~ creating first and second documents, said documents comprising a
first list and a second list of printer commands;

- interpreting said first and said second list of printer commands
to obtain first and second streams of interpreted printer commands
defining first and second print jobs;

the method characterized in that it additionally comérises the steps
of:

~ assigning said first print jeb to a first logical print zone;

~ assigning said second print job to a second logical print zone;

~ multiplexing said first and said second streams of interpreted
printer commands to obtain a multiplexed stream of interpreted
printer commands;

~ rendering said multiplexed stream of interpreted printer commands
to obtain a multiplexed bitmap addressing both said'first and said

second logical print zones.

2. A method according to the previous claim additionally comprising
the steps of:
~ gsending said multiplexed bitmap to a printer;

- printing said multiplexed bitmap on a substrate.

3. A method according to the previous claim, wherein said printing

‘is an inkjet printing method.

4. A method according to anyone of the two previcus claims
additionally comprising a step of:

- slicing said printed substrate.

5. A method according to anyone of the previous claims, wherein each
of said first and said second interpreted streams of printer
commands comprise at least one object selected from the set of a

graphic object, a graphic primitive and a bitmap.

1]

17



6. A method according to the previous claim, wherein said at least

one bitmap represents a complete rasterized page of a document.

7. A method according to anyone of the previous claims, wherein said

multiplexing is dynamic.

8. A system for rendering printer commands, -the system comprising:
- means for receiving and interpreting a first stream of printer
commands to obtain a first stream of interpreted printer commands
defining a first print job;

- means for receiving and interpreting a. second stream of printer
commands to cbtain a second stream of interpreted printer commands
defining a second print job;

the gystem characterized in that it additionally comprises:

- means for assigning said first print job to a first logical
printing zone;

- means for assigning said second print job to a second logical
printing zone;

- means for multiplexing said first and said second streams of
interpreted commands to obtain a multiplexed stream of interpreted
printer commands;

- means for rendering said multiplexed stream of interpreted printer
commands to obtain a bitmap addressing both said first and said

second logical print zones.

9. A system according to the previcus claim, the system
additionally comprising:

- means for printing said bitmap on a substrate.

10.A system according to the previous claim, wherein said means for

printing a bitmap comprises an inkjet printer.

11.A system according to anyone of the two previous claims,
additionally comprising a slicing system for slicing said substrate

into said first printed zone and said second printed zone,

12. 2 system according to anyone of the four previous claims, wherein

said means for rendering comprises a Field Programmable Gate Array.
* Mw’/
Dated this 12 day of June 2009 (ARINDAM PAUL)
18 Of De Penning & De Penning
Agent for the Applicants



53

SHEETS 3
SHEET |}

fCHENP/2009

%

"AGFA GRAPHICS NV

ore

¢ aunbi

ott

;

F.
Lzg Lt

0se 1

oze—"|

T e

OO0 00

—0LE

6002 NOF 2 B

Z ainbi4

KRR RIS
DI
eI Cev I Cay
DI

7

ooz

NIy

| ainbidy

./
(ARKE:?M PAUL)

onposd
pajuud

i

or _‘\._

" sauud

i)

0e—"|

deunyg

i)

JoZUsIsEl

i)

SpUBLILOD
Isjuud

i

ubisep
WsLNoop

6002 /ananyy Sheg

Of De Penning & De Penning

Agent for the Applicants



£ ]

AGFA GRAPHICS NV

SHEETS 3

SHEET 24

J/CHENP/2008

4

»

$ 2inbi4

L dewq gl gey

i)

{ Jasapual f—" oy

AW .

[ weans paxajdiinw B 244

{ Jaxadinw L.\.cwv

@ 4

.mcv}f{_ weans | | weans _\.Bq_
wovf/,_bmﬁm_n:mﬁ_ | [sardisyul T\mov
SPUBLULLIOD SpUSWIWD:
yor—_ 18yaud muud 244
Z0r—__| ubisap ublsep | __-jov
JUaUINIoP JuBWINIGP

Yoo

(ARINDAM PAUL)

Of De Penning & De Penning
Agent for the Applicants



AGFAGluu v iew 1ev
~ /CHENP/2009

SHEET &

Figure 7 .

o
(ARINDAM PAUL)
Of De Penning & De Penning

Agent for the Applicants



FORM 2

THE PATENTS ACT, 1970

&
S
= (39 of 1970)
=
ﬁ
o
=
COMPLETE
SPECIFICATION
(See Section 10; rule 13)
=
=
G
% TITLE
“METHOD TO REDUCE UNPRINTED SUBSTRATE WASTE DURING DIGITAL
PRINTING” -

APPLICANT

AGFA GRAPHICS NV
Septestraat 27
B-2640 Mortsel; Belgium
a Belgian company

The following specification particularly describes
the invention and the manner in which
it is to be performed

8342 jouen 2009



METHOD TO REDUCE UNPRINTED SUBSTRATE WASTE DURING DIGITAL PRINTING
[DESCRIPTION]

FIELD OF THE INVENTION

The invention relates to the field of digital printingl More
specifically the invention relates to the field of digital prinﬁing
devices such as inkjet and toner based printers suitable for
applications including label printing, package printing.,
transactional printing and commercial printing. More specificélly
the invention is related to digital imposition systems for such

applicaticns.
BACKGROUND OF THE INVENTION

Digital printing differs from conventional printing in that only a

digital master exists of a document that is to be printed.
A typical digital printer architecture is shown in Figure 1.

A user interacts with a document design application 100 running on =a

data processing system and defines a document.

The document is stored in a file as a series of printer commands
1i10. This file is send to a rasterizer 120 which transforms the
printer commands into a bitmap 130 having the same spatial and tonal
resolution as the printing device. The bitmap is sent to the

printing device 140.

The printing device marks a substrate in response to the density
value of the pixels of the bitmap and the result is a printed

product 150.

Printer commands are typically represented using a page description
language. Examples of page description languages known in the art
include PostScript (PS} developed and specified by Adobe Systems
Inc.,

Portable Document Fdrmat (PDF) developed and specified by the same

company and Extengible Paper Specification (XPS) developed by



Microsoft Corp. These page description languages represent a page as
8 collection of graphic objects to be printed. A graphic object can

be, for example, text, vector graphics or raster graphics.

Most objects have both contents and attributes. For example, a text
block contains text, but also information on how thé text should be
rendered including a font selection, a font size and a font color.
Similarly a graphic contains a graphic contour, but also information
on how the contour should be rendered, including the color of a

£ill, the color and thickness of a boundary etc.

A page description language tyvpilcally also makes use of a graphics
State comprising translation, rotation and scaling information for

rendering an object.

The existing page description languages have been designed to print
documents that are printed page by page. This approach is suitable
for printing a wide range of publications such as c¢ffice documents,

brochures, flvers, newspapers, magazines, packages etc.

The printing of a document that is represented in a page description
language conceptually comprises three steps. A first step consists
of interpreting the printer commands of the graphic objects that
belong to a single page. Interpretation involves translating the
graphic objects represented in the page description language into
graphic primitives that can be efficiently rasterized. Trn a next -
step the interpreted objects are rendered, i.e. a raster image -
usually referred to as. a bitmap - is calculated that represants the
interpreted objects at the printer's resolution. In a final step

this bitmap is sent to the printer.

To reduce memory requirements and to increase data processing speed,
the second and the third stéps can be subdivided into sub-steps,
whereby every sub-step corresponds to the calculation of a partial
bitmap of pixels and sending said partial bitmap to the printer. The
partial bitmaps typically correspond with successive bands of rows

of pixels.



Several options exist to organize the printing sequence of multiple

copies of a multiple page document.

A first possibility is to print multiple copies of a first page of
the document, next multiple pages of a second page and so on until
multiple copies of all the pages of the document have been cobtained.
In a next step the pages are mechanically collated so that multiple
copiles of the multiple page document are obtained. This first

approach is referred to as "mechanical collation".

A second possibility is to print a first copy of all the pages of a
multipie page document first, then a second copy. and so on, until
all documents have been printed. This second approach is referred to
as "digital collation”.

The second possibility avoids the need for a mechanical collator,
but generally requires the concurrent storage of the bitmaps of aill
the pages of a document or alternatively re-interpreting and

rasterizing every page as it is being printed.

Just as with traditional offset presses, the substrate in digital

printers can be sheet or web fed.

A sheet fed digital printer prints on sheets that are stored in a
stack. The size of the sheets is rectangular and is usually fixed
during a print job. A sheet fed digital press relies on a fairl?
complex sheet handling mechanism to pick the individual sheets from
a stack, to feed them to a priﬁt station and to collect the printed
sheets. The complexity of a sheet handling mechanism is a bottleneck

for achieving high print throughput.

Such a bottleneck does not exist in web-fed systems because the

substrate handling is more 5traightforward.

an example of a web fed based printing device is the Xeikomn 5000
digital press marketed by Punch Graphics in Belgium. Ancther example
is the Agfa Dotrix Modular digital press marketed and sold by Agfa-
Graphics in Belgium. Web fed presses may or may not comprise an

additional paper cutting stage to cut the web into individual pages.
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Printed labels are used to identify objects or their contents. They
are typically attached to an object using glue or a self-adhesive
substrate. Examples of objects include compact discs, bottles,

packaging boxes, computers, hardware atc.

the problem in the prior art as explained for the case of label

printing

Labelg can have many different shapes, such as rectangular, round,

elliptical, star shaped or any other shape.

A label is typically designed using a design software application

that is developed for this purpose.

A characteristic of traditional label printing is that the labels
that are printed in a print run are all identical. For this purpose
a printing master {(e.g. an offset printing plate, a flexographic
printing plate, a silk printing master) is created using a step and
repeat process so that on cone single printed sheet many identical
labels can be printed. In a post-printing step the individual labels

are then cut out or punched out from the printed sheet.

Figure 2 shows an example of a printed sheet on which labels 200 are

organized using a step and repeat process.

For certain applications, it is desirable to print labels having
variable content. For example, 'a label can include a serial number
of an object for which it is intended. One prior art technigue uses
a first printing step for printing the fixed contents of the label
and an additional printing step for printing the variable data.
Usually the first step uses a traditional printing technigue, while
the second step uses a digital printing technigque, for example

inkjet printing.

The availability of digital color printing presses enables to print

in one single step both the fixed and the variable data.



A variation of a step and repeat process for a web fed printing
press is shown in Figure 3, where a first label 310 and a second
label 320 are printed on a web. The printed web is collected on a
roll. ,
In a traditicnal print process the replication in the transversal
dimension 320 of the web is obtained by a digital step and repeat
process before the print master is made, while replication in a
longitudinal dimension 340 of the web is for example obtained by a
combination of digital replication and using a rotating print
master. The labels 310 and 220 in the transversal dimension may be

the same or may be different as is the case in Figure 3.

In a digital print system, the replication in both the transversal
and longitudinal dimensions is obtained by means of a digital step

and repeat process.

The printing is stopped when the required number of labels is

printed.

In a next step the resulting print roll is usually split up by means
of a splicing process into a plurality of narrow print rolls each
one containing only cne label in the transversal dimension of the

print roll.

A first problem with a pfior art method nriginates when
gubstantially the same number of labels is needed of a first labeil
310 having a first length 311 {measured along the longitudinal
dimensicn) and a second label 20 having a second length 321 that is
different from said first length. The step and repeat process of
both labels in the longitudinal dimension of the web inevitably

results in & waste 350 of printed substrate.

A similar problem originates when a first number is needed of a
first label having a first iength and a second number of a label
having a second length, wherein said first and second length are
substantially the same, but wherein the first and second numbers are

different.



In general, a prior art method results in the waste of printed
substrate when a print job comprises printing first 310 and second
320 labels on a single roll, whereby the product of the number of
labels times the label length 311, 321 of the two labels is not

identical.

It is c¢lear that a solution is needed that enables the printing of
labels on a web fed printing system in a way that minimizes the
waste of unprinted substrate and that at the same time optimizes the
use of print capacity along both the longitudinal and transversal

dimensiong of a web.

The same improved solution is needed for similar problems in digital

package printing, transactional printing and commercial printing.

SUMMARY OF THE INVENTION

The current application involves a method and a system as described
in the independent and dependent claims to overcome the limitations

of the prior art technigues.

Specifically the method and the system enable to reduce the waste of
unprinted substrate in label printing, package printing,
transactional printing and commercial printing while optimizing the

use of print capacity.

A method and the system according to the invention are particularly
suited for use in combination with & web fed digital printing

device.

+

A method according to the current invention is explained by means of

Figure 4.

To achieve the above objectives, a user prepares 401, 402 separate
documents 403, 404 comprising graphic objects described in a page
description language. Each of these documents is then separately
interpreted by an interpreter 405, 406 into & stream of interpreted

print commands that defines a print job 407, 408.



In a next step these multiple interpreted print command streams 407,
408 are multiplexed by a multiplexer 420 and the multiplexed stream
421 of interpreted print command is rendered by a renderer into a

bitmap 423. This bitmap i1s sent to a printer.

A print job in a specific print zone can be aborted and be followed
by another print job, independent of the print jobs in another print
zone. The width and/or the length of logical print zones can be
fixed or they can dynamically vary as a function of the different

print jobks that being printed on the web.

By dynamically assigning multiple print joks to print zones and
dynamically adjusting their length and width, the waste of substrate
can be substantially reduced, since each print zone can be given

exactly the right dimensions to fit a specific print job.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the different steps in a prior art method to design

and print a document;

Figure 2 shows a print master to print multiple identical labels

using a step and repeat technique as known in a prior art technique;

Figure 3 shows a variation of a step and repeat technique adapted

for a web fed printing press as known in a prior art technigue;

Figure 4 shows the steps of a preferred embodiment of a method

according to the current invention;

Figufe 5 shows a printing systém according to a preferred embodiment

of the current invention;

Figure 6 shows a system to splice a web into multiple spliced webs

according to a preferred embodiment of the current invention.

‘Figure 7 shows a segment of a web having two logical print zones and

having graphic objects in each print =zone.



DETAILED DESCRIPTION OF THE INVENTION

Figure 4 to 6 show various elements of a system that can be used for

carrying out the invention.

document design and list of printer commands

L

The invention assumes that separate documents are prepared on one or
more document editing systems 401, 402 that faithfully describe what
needs to be printed, and that these edited documents are stored as a

list of printer commands 403, 404 using a page description language.

In a first preferred embodiment a document is a label and the
document editing system is a label editing system. In other
embodiments, a document is the cover of a package, a transactional

document or a commercial print document.

The document design systems 401 and 402 may be different systems or
they may be the same system that is time-shared. In the embodiment
shown in Figure 4, only two printer command lists are shown, but in
general there can be any number of printer command lists

corresponding to a respective number of documents.

Printer commands are instructions for a rasterizer for rendering
graphic objects. Graphic objects can for example be text, vector
raphics or raster graphics. The graphic objects have a position on
a fictitious canvas that digitally represents the substrate on which
the objects are to be printed. The rendering of graphic objects
involves transforming said cbhjects into a bitmap having the same
spatial and tone resolution as a printing device.
A text object comprises text and information on how the text should
be rendered, including a font type, a font size, and a font
rendering intent (normal, bold, underlined, lowercase, italic,

color...).

A vector graphic comprises a description of the contour of the

graphic as well as information on how these contours should be



rendered, including the color of the fill and the thickness and

color of the boundaries.

A raster image object comprises a map or matrix of pixel wvalues and
a translation, scaling and rotation matrix that maps the raster
image to a specific position on the canvas.

:
Every graphic object is rendered at a current point, which is a
fictitious point on the canvas. Special printer commands are
available to set or change the current point to affect the position

of a graphic object.

Every graphic object 1is optionally accompanied with an additional
translation, scaling and rotation matrix to translate, scale or

rotate said object on the canvas.

Graphic objects are rendered in the order théy are listed. They may
spatially overlap. A graphic object that occurs later in a list may
overlap and cover a graphic object that occurs earlier in the same
list. The overlapping of a firgt object over a second object may be
opague in which case the first object hides the second object in the
overlapping area, or it may be transparent, in which case the two

objects visually blend.

Special printer commands also exist to repeat the rendering of

specific graphic dbjects or—groups of graphic objects.

interpreter

The lists of printer commands 403, 404 are sent to interpreters 405,
406. In one embodiment a single interpreter is used that is time

shared to interpret multiple printer command lists.

An interpreter 405, 406 interprets a list of printer commands 403,
404 and produces an interpreted'stream of printer commands 407, 408.
Interpreting involves determining a bounding box, i.e. a rectangular
area on the canvas that entirély contains thg graphic object.
Interpreting a graphic object also involves transforming said object

into a set of graphic primitives that are visually equivalent when
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rendered, but that enable fast rendering. For example, a circle can
be transformed into a contiguous set of trapezoids that closely
approximate said circle when rendered at the resolution of a
specific printing device, and a character can be transformed into a
bitmap having the tonal and spatizl resolution of a printing device.
In a preferred embodiment, interpreting involves rasterizing text
objects. In a very preferred embodiment of the current invention,
every character having a specific font type and font size that
occurs in a text object is rasterized only once, and an interpreted
text object comprises the rasterized characters and a sequence of

locations where said rasterized characters occur in the text cbject.

Interpreting a list of printer commands may also involve a step and
repeat process, for example. a step and repeat process in the
transversal and/or the longitudinal dimensions. Referring to Figure
7 a first graphic object or primitive 711 belonging to a first
document is replicated along the longitudinal dimension 750 of a web

of a printing device by means of a step and repeated process.

Referring again to Figure 7, an interpreter associates with every
*

graphic object or graphic primitive 711, 712 a bounding box 731,

732. This bounding box indicates the spatial scope of a graphic

object or primitive.

Unlike traditicnal page description languages such as PostScript
{TM) or PDF (TM{, a stream pf printer commands does not have to be
page oriented. In principle, a stream can describe a document having
an infinite length. A stream of printer commands is therefore
suitable to describe a series of objects that are to be printed on a

web based digital printing device.

logical print zone
) [
According to the current invention, the substrate of a printer is
subdivided into logical print zohes. A logical print zone is a

printable area on a specific substrate having a shape and having
dimensions that is defined on the unprinted stock and to which a

print job is assigned.

11



In the case of web based digital printing device, a logical print

zone may for example correspond to a rectangular area on a web of a
specific stock having a length and a width that is optimized for a
specific print job to comprising the printing of a specific number

of specific labels.
multiplexer

The multiple streams of interpreted printer commands 407, 408 are

multiplexed by a multiplexer 420.

The multiplexing preferably involves assigning a specific stream of
interpreted printer commands 407, 408 to a specific logical print
zone (701, 702) on'a web of a printing system. This assignment may
include a geometrical translation or another geometrical

transformation such a rotation or scaling of interpreted objects.

The effect of a multiplexing operation is also explained by means of
Figure 7. A first interpreted object 711 is assigned toc a first
logical print zone 701 and a second interpreted okbject 712 is
assigned to a second logical print zone 702.

'
The multiplexing is preferably dynamic in that the number of logical
printing zonesg, their width and length and the streams that are

‘assigned to them may vary while the printing on the web takes place.

This dynamic multiplexing i; preferably done in a way that minimizes
the waste of unprinted stock during printing, taking into account
the number and size of the labels that are to be printed. This is
achieved not just by adjusting the area of a single logical print
zone toc a specific print job, but by optimizing the use of the
complete area on a roll or on multiple rolls of unprinted stock as a
function of multiple print jobs.

:
In this document this is called ;dynamic multiplexing"- The stream

of multiplexed data is conceptually not limited in length.

renderer

12



The multiplexed interpreted printer command stream 4231 is sent to a

renderer 422.

The renderer 422 renders the graphic primitives, i.e. calculates the
values of the pixels of the bitmap that have the same tonal and

spatial resolution as a printing device.

The principles of rendering graphic objects are known to a person
skilled in the art and are for example found in the chapter "Basic
Raster Graphics Algorithmns for}Drawing 2D Primitives" in the book
“Introduction to Computer Graphics®, edited by James D. Foley... [et
all published by Addison-Wesley Publishing Company in New York.

The advantage of transforming objects into graphic primitives in a
first step and rendering said graphic primititves into a bitmap in a
second step is that the overall transformation process can be
implemented more efficiently because the rendering of the graphic
primitives can be implemented computationally more efficiently than

the direct rendering of complex objects.

According to a preferred embodiment of the current invention, the
rendering of graphic primitives is done by means of a graphic

»
primitive processor that is, for example, implemented using software

embedded on a Fileld Programmable Gate Array (FPGA).

The rendering nrocess of graphic primitives is preferably organized

in row by row and pixel by pixel fashion.

Referring to Figure 7, to render an active row 740 of pixels (i.e. a
row of pixels that is being rendered}, a list of active interpreted
objects is consulted. An interpreted object is said to be active if
its associated bounding box overlaps with the active row of pixels.
Ag the rendering process proceeds and the rows of pixels are
processed, new interpreted objects come inte scope and become active
and other interpreted objects do out of scope and become non-active.
For this purpose the active interpreted object list is updated every

time a row of pixels has been rendered.
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Because the rendering of graphic objects and raster image objects
typically produces pixels having a tonal resclution (for example 8
bits per colorant component) that is higher than the tonal
resolution (for example 1 b;’_t per colorant component) of a printing
device, the rendered pixels are halftoned in a halftoning step to
obtain a bitmap having pixels at the same tonal resolution of said
printing device. Halftoning methods are well known to & person
skilled in the art and include, for example, the "error diffusion"

algorithm.

Referring again to Figure 4, tHe end result of the rendering step is

a bitmap 423 that is ready to be sent to a printing device.

The bitmap 423 that is produced by the renderer 422 is preferably

buffered in bands of rows of pixels.

printing device

According to a preferred embodiment, the printing device is web fed
printing device 500. It comprises a first roll 520 containing
unprinted stock, a web 530 and a roll containing printed stock 540,
The web moves in a in a direction 550 and printing takes place at a
marking station 510. The marking station can be inkjet, toner based
or any other marking station. It can be a monochrome or a color
marking station. The marking station puts colorant onto the web in
response to the pixel values of the bitmap 423 that is sent to the
printing device 500. The printing device comprises a buffer (not
shown in Figure 5) that can contain a band of rows of pixels
produced by the renderér. Web based digital printing systems are
well known to a person skilled in the art and they are not further

elaborated here.

The bitmap that is rendered and printed is conceptually not limited
in & transversal dimension 550 of a web. In practice, a renderer
will stop rendering when a priqt job is finished or when the first

roll 520 of unprinted stock stops feeding the web 530.

splicing device.

14



According to a preferred embodiment, a system according to the
current invention also comprises a splicing device 680 to splice a
single web 610 on a roll 611 into multipie webs 630, 640 on rolls
631, 641. The slicing -is for example achieved by means of a cutter
620, which cuts the original web 610 along the boundary between two
print zones 701, 702. Alternatively a different method for cutting
the web is used such as a laser based slicing system. In yet another
alternative a laser based die cutter is used to cut out the
individual labels. The multiple webs 630, 640 are rolled on rollers
631, 641 for storage.

Splicing devices are well known to a person skilled in the art and

they are not further elaborated here.
cutter

In a later stage, a cutter can cut a web 630 on a roller 631 into

individual documents.

other modes for carrying out the invention

The terms "interpreting", multiplexing" and "rendering" should not
be construed in a restrictive way.

)
For example, while in above embodiment, the multiplexing takes place
on objects that comprise graphic primitives, the multinlexing can
also take place on the graphic objects that have been interpreted
but are not converted into graphic primitives during the
interpreting. This approachfincreases the complexity of a renderer,
as it is required.to be capable of rendering more complex graphic

objects instead of graphic primitives.

In an alternative embodiment, the objects that are multiplexed are
already rasterized during the inte:preting step, i.e. represented as
bitmaps of pixels. This approach enables to reduce the complexity of
the renderer, as it is not reqdired to be capable of transforming
graphic primitives into bitmaps of pixels. Reducing the complexity
of a renderer offers the advantage that such a renderer is easier to

implement in software embedded on a Field Programmable Gate Array.

15



Iin yvet another embodiment, the interpreting step produces bitmaps
representing a complete page of a document. This reduces the

complexity of the renderer even more.

In vet another embodiment, the interpreted rasterized ocbjects have
already been halftoned. This reduces the complexity of the renderer

even more.
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