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o (57) Abstract: A method of, and apparatus for, dithcring an image to be printed. Color component values of odd and even pixels of
an image are stored in a dither cell. The dither cell is mapped to a staggered dither cell such that lines of odd pixel component values
o are staggered relative to lines of even pixel component values, Addressing of the staggered ditber cell is determined by an address
generator that also addresses a buffer sioring an up-interpolated image. Corresponding values in the staggered dither cell and the
3 buffer are compared to determine which nozzles of a printhead are fired.
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METHOD AND APPARATUS FOR DITHERING

FIELD OF THE INVENTION
The invention relates to @ compact printer system able to print full-color, business card size documents from a
5 device about the size of a pen. The system includes various hot-connectable modutes that provide a range of functions. In
particular the invention relates to a method of, and apparatus for, dithering an image to be printed.
Reference may be had to co-pending applications cfaiming priority from Aastralian Provisional Patent
Application number PQOS560 dated 25 May 1999. The co-pending applications describe relaied moduies and methods for

implementing the compact printer system. The co-pendimng applications are as follows:

PCT Appiication Number Docket No.
PCT/AU00/00501 PPO1
PCT/AUQ0/00502 PPO2
PCT/AU00/00503 PPO3
PCT/AU00/00504 PPO4
PCT/AUGD/OO505 PPO7
PCT/AUDO/00506 PPO8
PCT/AU00/00507 PPO9
PCT/AU0C/00508 PP10
PCT/AUQ0/0050% PP11
PCT/AUGK/O0510 PP12
PCT/AUDD/DOS 32 PP13
PCT/AUDO/00513 PP15
PCT/AUO0/00515 PP17

10
BACKGROUND OF THE INVENTION

Microelectronic manufacturing technigues have led to the miniaturization of numerous devices. Mobile phones.
personal digital assistant devices, and digital cameras are very common examples of the miniarurization trend.

L5 One device that has not seen the advantage of microelectronic manufacturing techniques is the prinier.
Commercially available printers are large compared to many of the devices they could support. For instance, it is
impractical (¢ carry a color printer for the purpose of instantly printing photographs taken with known compact digital
cameras.

A compact printhead has been described in co-pending Patent Cooperation Treaty applications filed
20 simultaneously 1o the present application and hereby incorporated by cross reference: )
PCT Application Number Docket Number
PCT/AUQ0/00591 MJ6Z
PCT/AU00/00578 1152
PCT/AUQ0/00579 M52
PCT/AU00/00392 MJ63
PCT/AU00/00550 MJ58
Known ink jet printers are only capable of printing dots in a bi-level fashion whereas known image capture
devices (cameras) capture images in continuous tones. It is known in the prior art to transform the continuous (one
captured images to bi-level images for printing. The known techniques are processing intensive. A more efficient
25 processing methad 1s required for 2 compact printer system.
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SUMMARY OF THE INVENTION

In one form, the invention resides in 2 method of generating a staggered dither cell for an image to be printed,
said method comprising the steps of:
writing color component values corresponding to even pixels in first entry locations in said dither cell;
writing ceolor component values corresponding to odd pixels in second entry locations in said dither cell; and
mapping faid dither cell to a staggered dither celt such that lines of satd even pixel values are staggered relative 10 lings of
said odd pixe! values. '

Further features of the invention will be evident from the foilowing description.

BRIEF DESCRIPTION OF THE DRAWINGS
-n order to assist with describing preferred embodiments of the invention, veference will be made to the
following ﬁgﬁrcs in which:
FIG I is a printer module;
FIG2  is acamera module;
FIG3  is a memory module:
FIG4  is a communication module;
FIG5 s aflash module;
FIG6  isatimer module;
FIG7  isalaser module;
FIG8®  isan effects module;
FIG9  is acharacters module;
FIG 10 i3 an adaptor module;
FIG 11 isapen module:
FIG 12 is 2 dispenser module;
FIG 13 is afirst compact printer configuration.
FIG 14 is asecond compact printer configuration;
FIG 15 is athird compact printer configuration;
FIG 16 1 a founh compact printer configuration;
FIG 17 illustrates haif-toning using a 50 x 50 dither cell;
FIG 18 shows an Up-interpolate. Haltone and Reformat-for-Printer process: and
F1G 19 is shows mapping a Standard Dither Cell lo 2 Staggered Pixel Dither Cell.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIGs 1 10 12, there are shown various modules that together form a compact printer system.

Individual modules can be aiached and detached from the compact printer configuration 10 aliow a user-definable sofution
to business-card sized printing. Images can also be transferred from one compact printer to another without the uss of a
secondary computer system. Modules have a minimal user-interface to allow straightforward interaction,

A compact printer system configuration consists of a number of compact printer modules connected together.
Each compact printer module has a function that contributes 10 the overall functionality of the parucular compact printer
configuration. Each compact printer module is typically shaped like part of a pen, physically connecting with other
compact printer modules to form the compiete pen-shaped device. The length of the compact printer device deperds on

the number and type of compact printer modules connected. The functionality of a compact printer configuration depends

on the compact printer modules in the given configuration.
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Tte compact printer modules connect both physically and logically. The physical conrection allows modules 1o
be connectad in any order, and the logical connection is taken care of by the compact printer Serial Bus - a bus that
provides power. allows the modules to self configure and provides for the transfer of data.

In terms of physical connection, most compact printer modules consist of a central body, a male connector at
one end, and a female connector at the other. Since most modules have both a male and female connector, the modules can
typically be connecied in any order. Certain modules only have a male or a female connector, but this is determined by the
function of 1he modute. Adaptor modules allow these single-connector modules to be connected at either end of a given
compact printer configuration.

A lour wire physical connection between all the compact printer modules provides the logical connection
between then: in the form of the compact printer Serial Bus. The cormnpact printer Serial Bus provides power to each
module, and Jrovides the means by which data is transferred between modules. Importantly, the compact printer Senal
Bus and accompanying prolocol provides the means by which the compact printer system auto-configures, reducing the
user-interface burden on the end-user,

Comnpact printer modules can be grouped into three types:
. image processing modules including a Printer Module (FIG 1), a Camera Module (FIG 2),

and a Memory Module (FIG 3). Image processing modules are primarily what sets the compact printer system apart from
other pen-like devices. Image processing modules capture, print, store or manipujate photographic images;

. housekeeping modules including an Adapter Medule (FIG 10}, an Effects Module (FIG 8), a
Communicatians Module (FIG 4), and a Timer Module (FIG 6). Housekeeping modules provide services to other modules
or extended functionality to other modutes; and

. isolated modules including a Pen Module (FIG 11) and a Laser Module (FIG 7). Isolated
modules are those that agtach to the compact printer system but are completely indcpcridcm of any other module. They do
not necessarily require power, and may even provide their own power. {solated Modules are definad because the
functionality they provide is typically incorporated inte other pen-like devices.

Altkough housekeeping modules and isolated modules are useful components in a compact printer system. they
are extras in a system dedicated to image processing and photographic manipulation. Life size (1:1) illustrations of the
compact printer modules are shown in FIGs 1 1o 12, and example configurations produced by connecting various modules
together are stown in FIGs 13 to 16.

FIG 1 shows a printer module that incorporates a compact printhcad desenbed in co-pending United States
Patent Applicztions Jisted in the Background section of this application, incorporated herewith by reference. and referred
1o herewith as a Memjet printhead. The Memjet printhead is a drop-on-demand 1600 dpi inkjet printer that produces bi-
level dots in up to 4 colors to produce a prnted page of 2 particular width, Since the printhead prints dots at 1600 dpi, cach
dot is approxirnately 22.5um in diameter, and spaced 15.875um apart. Because the printing is bi-level, the input image
should be dithired or error-diffused for best results. Typically a Memijet printhead for a p:micula-r application is page-
width. This enables the printhead 10 be stationary and allows the paper to move past the printhead. A Memjet printhead is
composed of a number of identical 1/2 inch Memjet segments.

The printer module 10 comprises a bedy |1 housing the Memjet printhead. Power is supplied by a three volt
battery housed in battery compartment 12. The printhead is activated to commence printing when a business card (or
similar sized printable media) is inserted into slot 13. Male connector 14 and fernale connector 15 facilitate connection of
other madules (o the printer module 10.

F1G 22 shows a camera module 20. The camera module provides a peint-and-shoot camera component to the
compact printe- system as a means of capturing images. The camera module comprises a body 21 having a female
connectar 22. A lens 23 directs an image to an image sensor and specialized image processing chip within the camera 24.

A conventional view finder 25 is provided as well as a lens cap 26. An image is captured when the Take button 27 is
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pushed. Captured images are transferred to the Printer Module 10 for subsequent printing, manipulation, or starage. The
Camera Module also contains a self-timer mode similar to that found on regular cameras.

FIG 3 shows & Memory Module 30 comprising a body 31, LCD 32, IN button 33, OUT button 34 and SELECT
button 35. The Memory Module 30 is a standard module used for storing photographic images captured by the Camera 20.
The memory modulie stores 48 images. each of which can be accessed cither at full resolution or at thumbnail resolution.
Full resolution provides read and write access to individual images, and thumbnail resolution provides read access to 16
images at orce in thumbnail form.

Tte Memory Module 30 attaches to other modules via 2 female connector 36 or male connector 37. The male
ang female connectors allow the module to be connected at either end of 2 configuration. Power is provided from the
Printer Mod ile 10 via the Serial Bus.

A Communications Module 40 is shown in FIG 4. The communications module 40 consists of a connector 41
and a cable <2 that terminates in an appropriate conncctor for 3 computer port, such as a USB port, R$232 serial port or
parallel port. The Communications Module 40 allows the compact printer system to be connected 1o a computer. When so
connected, images can be ransferred between the computer and the various modules of the compact printer system. The
communications moduie allows captured images to be downloaded to the computer. and new images for printing o be
uploaded into the printer module 10.

A Fiash Module 50 is shown in FIG 5. The Flash Module 50 is used to generate a flash with flash cell 51 when
taking photographs with the Camera Module 20. The Flash Module attaches 10 other modules via famaie connector 52 and
male connec:or 53. It contains its own power source. The Flash Module is automatieally selected by the Camera Module
when required. A simpie switch allows the Flash Module to be explicitly turtied off to maximize battery life.

F1G 6 shows 2 Timer Module 60 that is used to automale the taking of multiple photos with the Camera Medule
20, each photo separated by a specific time interval. The caprured photos are stored in Memory Module 30. Any flash
requirements are handled by the Camera Module 20, and can therefore be ignored by the Timer Moduie. The Timer
Module 60 consists of a body 61 housing a LCD 62, START/STOP button 63 and UNITS button 64. A SELECT bution
65 allows the user (o select time units and the number of units are set by UNITS button 64. The Timer Module 60 includes
a male connector 66 and female connector 67, The Timer Module takes its power from the Printer Module 10 via the
Senat Bus.

A Laser Module 70 is shown in FIG 7. The Laser Module 70 consists of a body 71 containing a conventional
laser pointer operated by button 72. As the Laser Module is 2 terminal module it only has one connector, which in the
example is 2 nale connector 73. The Laser Module is an isolated module, in that it does not perfonn any image caprure,
storage, or processing. It exists as a fynctional addition to the compact printer system. bt is provided because laser pointer
services are tvpically incorporated into other pen-like devices. The Laser Module contains its own power supply and does
not appear 45 a device on the Serial Bus,

The Effects Module shown in FIG 8 is an image processing module. 1t allows a user to select a number of
effects and applies them to the current image stored in the Printer Module 10. The effects include borders, clip-art,
captions, wards, color changes. and painting styles. The Effects Module comprises a body 81 housing custom electronics
and a LCD 82. A CHOOSE button 83 allows a user to choose between a number of different types of effects. A SELECT
bution 84 allews the user to select one effect from the number of effects of the chosen type. Pressing the: APPLY: button
85 applies the effect to image stored in the Printer Module 10. The Effects Module obtains power from the Seral Bus.
Male connector 86 and female connector 87 allow the Effects Module to be connecied 1o other compact printer system
moduies.

FIG 9 shows a Character Module 90 that is a special type of Effects Module (described above) that only

contains character clip-art effecis of a given 1opic or genre. Examples include The Simpsons®, Star Wars®, Batman®, and

Ditbert® as well as company specific modules for McDonalds® etc. As such it is an image processing module, It consists
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of a body 91 housing custom electronics and a LCD 92. SELECT button 93 allows the user 1o choose the effect that is 1o
be applied with APPLY button 94. The Character Module obtains power from the Serial Bus through male connector 95

and female connector 96.
The Adaptor Module 100, shown in FIG 10, is a female/female connector that allows connection betweer: two

modules that rerminate in mate connectors. A male/male connector (not shown) allows connection between two maduies

n

that termenate in female connectors. The Adaptor Module is 2 housekeeping module, in that it facilitates the use of other
modnles. and does not perform any specific processing of its own. ' ‘

All “through” modules have a male connecior at one end. and a female connector at the other end. The modules
can therefore be chained together, with cach module connected at either end of the chain. However some modules, such as

10 the Laser Mocule 70, are terminaung medules. and therefore have either a male or female connector only. Such single-
connector modules can only be connected at one end of the chain. 1f two such modules are 10 be connected at the one ume,
an Adaptor Module 100 is required.

FIG 11 shows a Pen Module 110 which is 2 pen in a module form. It is an isolated moduie in that is attaches to
the compact printer system but is completely independent of any other module. It does not consume or require any power

15 The Pen Module is defined because it is a convenient exiension of a pen shaped. pen sized device It may also come with a
cap 1 11. The cap may be used to keep terminating connectors clean in the case where the chain ends with a connector
rather than a terminating module.

To assist with accurately feeding a business card sized print media into slot 13 of the printer module 10, a
dispenser mod sle 120 is provided as shown in FIG12. The dispenser module 120 compnses a body 121 that holds a store

20 of business card sized print media. A Printer Module 10 locates into socket 122 on the dispenser module 120. When
correctly aligned, a card dispensed from the dispenser module by slider 123 enters siot_ 13 and is printed.

In th: sense that a minimum configuration compact printer system mast be able to print out photos. a munaimum
compact printer configuration conrains at least a Printer Module 10. The Printer Module holds z single photographic
image that can be printed out via its Memjet printer. It also contains the 3V battery required to power the compact printer

25 system.

In thus mimmum coanfiguration, the user is only able to print out photos. Each time a user inseris a business card
130 into the sict in the Printer Module. the image in the Printer Module is printed onto the card. The same image is printed
cach time a business card is inserted into the printer. In this minimum configuration there is no way for a user to change
the image that is printed. The dispenser module 120 can be used to feed cards 130 into the Printer Module with a

30 mintmum of fuss, as shown in FIG 13.

By connecting a Camera Module 20 to the mjni_mum configuration compact printer system the user now has an
instant printing digital camera in a pen. as shown in FIG 14. The Camera Module 20 provides the mechanism for
capturing images and the Printer Module 10 provides the mechanism for prinung them out. The battery in the Printer
Module provides power for both the camera and the printer. '

35 Wher the user presses the “Take" button 27 on the Camera Module 20, the image is captured by the camera 24
and transferred 1o the Printer Module $0. Each time a business card is inserted into the printer the captured image is
printed cut. If the user presses “Take” on the Camera Module again. the old image in the Printer Module is replaced by the
new image.

If the Camera Module is subsequently detached from the compact printer system, the captured image remains in

40 the Printer Module. and can be printed out as many times as desired. The Camnera Module is simply there to capture
images to be placed in the Printer Module.

FIG 15 shows a further configuration in which a Memory Module 30 is connected to the configuration of FIG
14. In the embodiment of FIG 15, the user has the ability to transfer images between the Printer Module 10 and a siorage

area contained in the Memory Module 30. The user selects the image number on the Memory Module. and then either
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sends tha: image to the Pritter Moduls (replacing whalcver image was alveady stored there), or brings the gurment image
from the Printer Module 1o the specified image number in the Memory Module, The Memory Module also provides a way
of sendiny sets of thumbnail images to the Printer Module.

Mulitiple Memory Modules can be included in a given sysiem, extending the number of images that can be
stored. A given Memory Module can be disconnected from one compact printer system and connected 1o another for
subsequent image printing. B

With the Camera Module 20 artached to 2 Memory Module/Printer Module compact printer system, as shown in
FIG 15, the user can “Take™ an image with the Camera Moduie. then transfer it to the specified image namber in the
Memory Medule. The captured images can then be printed out in any arder.

By connecting a Communications Module 40 te the minimum configuration compact printer system, the user
gains the zbility to transfer images between a PC and the compact printer system. FIG 16 shows the configuration of FIG
15 with th: addition of a Communications Module 40. The Communications Module makes the Printer Module 10 and
any Memery Modules 30 visible to an external computer system. This allows the download or uploading of images. The
communications module also allows computer control of any connécted compagt printer modules, such as the Camera ‘
Module 2C.

ln the gencral case. the Printer Moduie holds the *'current” image, and the other modules function with respect to
this central repositery of the current tmage. The Printer Module is therefore the central location for image interchange in
the compact printer system. and the Printer Module provides a service to other modules as specified by user interaction.

A given module may act as an image source. It therefore has the ability to wansfer an image to the Printer
Module. A different module may act as an image store. It therefore has the ability to read the image from the Printer
Module. Some modules act as both image store and image source. These modules can both read images from and wnite
images 10 the Printer Module’s current image.

The standard image type has a single conceptual definition. The image definition is derived from the physical
auributes of the printhead used in the Printer Module. The printhead is 2 inches wide and prints at 1600dpi in cyan,
magenta and yellow bi-level dots. Consequently a printzd image from the compact printer system is 3200 bi-levei dots
wide.

‘The compact prinier system prints on business card sized pages (85mm x 55mm). Since the printhead is 2 inches
wide, the business cards are printed such that | line of dots is 2 inches. 2 inches is 50.8mm. lcaving a 2mm cdge on a
standard business-card sized page. The length of the image is detived from the same card size with a 2mm edge.
Consequently the printed image length is 8 lmm, which equals 5100 1600dpi dots. The printed area of 2 page is therefore
Blmum x 5lmm, or 5100 x 3200 dots.

To obtain an integral contone to bi-level ratio a contone resolution of 267 ppi (pixels per inch) is chosen. This
yields a contone CMY page size of 850 x 534, and a contone to bi-level ratic of 1:6 in each dimension. This ratio of 1:6
provides no perceived loss of quality since the cutput image is bi-level.

The printhead prints dots in cyan, magenta, and yellow ink. The final cutput to the printed page must therefore
be in the gaimut of the printhead and take the atiributes of the inks into account. It would at firs seem reasonable 1o use the
CMY color space 1o represent images. However, the printer’s CMY color space does not have a linear response. This is
definilely tnie of pigmented inks, and partially true for dye-based inks. The individual color profile of a particular device
(input and outpul) can vary considerably. Image capture devices (such as digital cameras) typically work in RGB (red

green blue) color space, and gach sensor will have its own color response characteristics.
Censequently, to allow for accurate conversion. as well as 10 allow for future image sensors, inks, and printers,

the CIE L*a*b* color mode) [CIE, 1986, CIE 15.2 Colorimetry: Technical Report (2™ Edition). Commission
Internationale De I'Eclairage] is used for the compact printer system. L*a*b* is well defined, perceptually linear, and is a

superset of other traditional color spaces (such as CMY, RGB. and HSV).
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The Prnter Module must therefore be capabie af converting L*a*b* images to the particular pecuiiarities of is
CMY color space. However, since the compact printer system allows for connectivity 1o PCs, it is quite reasonable to also
allow highly accurate color matching between screen and printer to be performed on the PC. However the printer driver or
PC program must output L*a*b*.

Ezch pixel of a compact printer image is therefore represented by 24 bits: 8 bits each of L*, a*, and b*. The to1al
image size is therefore 1,361,700 bytes (850 x 534 x 3).

Ezch image processing module is able to access the image stored in the Printer Module. The access is either ©
read the image from the Printer Mcdule, or to wnite a new image to the Printer Module.

The communications protocol for image access to the Printer Module provides a choice of internal image
organization. Images can be accessed either as 850 x 534 or as 534 x 850. They can also be accessed in interieaved or
planar format. When accessed as interleaved, each pixel in the image is read or written as 24 bits: 8 bits each of L*, a*, b*.
When accessed as planar. each of the color planes can be read or written independently. The entire image of L* pixels, a*
pixels or b* -ixels can be read or wniten at a time.

The Memjet printhead in the Printer module 10 is only capable of printing dots in a bi-level fashion. The stored
contone CM'Y image must therefore be converted to a dithered CMY image. More specifically, a dispersed dot ordered
dither is produced using a stochastic dither ceil. converting a contone CMY image into a dithered bi-levet CMY image.

Th: 8-bit 1600 dpt contone vaiue is compared to the current position in the dither cell. If the 8-bit contone vaiue
is greater than the dither cell value, an output bit of 1 is generated. Otherwise an output bit of 0 is generated. This ourput
bit will eventually be sent to the printhead and control a single nozzle 1o produce a single C, M, or Y dot. The bit
represents whether or not a particular nozzle will fire for a given color and position. This Half-toning process can be seen
in FIG 17.

The same position in the dither cell can be used for C, M, and Y. This is bc&use the actual primthead produces
the C, M., and Y dots for different lines of the image to be printed in the same print cycle. In the present invention. the
staggering of the different colored dots effectively produces staggening in the dither cell.

The size of the dither cell depends on the resolution of the output dots. Since we are producing 1600 dpi dots,
the cell size should be larger than 32 x 32, In addition. to allow the dot processing order to match the printhead segments,
the size of the dither cell should ideally divide evenly into 800 (since there are 800 dots printed on one line by each
segment of tre pnnthead}.

A Cither cell size of 50 x S0 is large enough to produce high guality results, and each dimension of the dither
cell divides evenly into 800 (16 times). Each entry of the dither cell is 8 bits, for a total of 2500 bytes (approximately 2.5
KB). However, alternative dither cell sizes that produce high quality results are envisaged.

Since the CMY image size is 534 x 850 pixels and the final print resclution is 3200 x 5100 dois, the CMY
image must be up-interpolated by a ratio of 1:6 in both dimensions. This is achieved by the process of pixel replication
whereby a sirgle pixel value is used for a larger area, in this case a 6 x 6 block. Since the pixels are 10 be dithered, the 36
resultant bi-level dots take on the contone value of the replicated pixel.

The Up-Interpolate and Halftone processes produce the dots in the correct order for printing. The bits
representing the dots are then collected in groups of 12 and sent to the printhead. This is the Reformat for Printer process.

Althaugh the Up-Interpolate. Halftone. and Reformat For Printer tasks are defined as scparate tasks, they are
implemented as a single process in the hardware implementation of the central processor of the Printer Module 10.

The Up-Inierpolate, Halftone and Reformat for Prinier process is shown in FIG 18. The input to the Up-
Interpolate, Halfione and Reformat Unit (UHRU) 15 the contene buffer (Buffer 2) containing the partial CMY image. The
output 1s a set of 12-bit values in the correct order to be seat to the Memijet Interface (MJI) for subsequent output to the

printhead via Buffer 1, The 12 output bits are generated 1 bit al a time. and sent to the 12-bit shift regisier in Buffer 1.
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“he control of this process is via an Advance sigoal from the MJ1 and a LineSyncO pulse from a LineSync
Generator Unit (LSGU). When the UHRU starts up, and afier each LineSync0 pulse, 12 bits are produced. and zre clocked
into the 12.bit shift register of Buffer 1. After the [2th bit has been clocked in, 2 TransferWriteEnable pulse is sent to
Buffer | ard the next 12 bits are generated. The UHRU then waits for the Advance pulse from the MJ1. When the
Advance pulse arrives, the TransferWriteEnable pulse is sent to Buffer 1, and the next 12 bits are calculated before
waiting agzin. In practice, once the first Advance pulse is provided. synchronization has occurred and future Advance
puises will occur cvery 12 cycles thereafier. -

As shown in FIG 18, the Halftone task is undertaken by a simple 8-bit Unsigned Comparator. The two inputs 1o
the comparator come from the Staggered Dither Ceil and Buffer 2. The order that these values are presented 10 the
Unsigned Comparator is determuned by an Address Generator State Machine, which ensures that the addresses into the
CMY image stored in Buffer 2 match the segment-oniented order required for the printhead. The Address Generator Siate
Machine therefore undertakes the Up-Interpolation and Reformatting for Printer tasks. Rather than simply access an entire
line at a time at high resolution, and then reformat the line according to the printer bookup requirements, the reformatting
15 achieved by the appropriate addressing of the CMY conione buffer (Buffer 2). and by ensuring that the cormparator uses
the correct lookup from the dither cell to match the staggered addresses.

The Half-toning task is as described above, The 50 x 50 Staggered Dither Cell ensures that a given position in
the Staggered Dither Celi for one segmant will be the same fer the remaining 3 segments. The same position in the Dither
Cell can be used for different colors due to the fact that dots on different lines of the final image are being generated at the
same time for cach of the colors.

Tte addressing for the Dither Cell is therefore quite simple. Starting at a particufar row in the Staggered Dither
Cell {c.g. row Q). the first Dither Ceil entry used is Entry 0. This entry is used 12 times (12 cycies) to gencrate the 3 colors
for all 4 segments. The entry is then advanced to Entry | of row 0. Aftcr Entry 49, u;e revert back to Entry 0 of row 0.
This continuss for all 9,600 cycles in order 1o generate ail 9,600 dots. The Halftone Unit then stops and waits for the
LineSync( pulse that causes the address generator to advance to the next row in the Dither Cell,

The Staggered Dither Cell is so called because it differs from a regular dither cell by having the odd and even
lines staggered. This is because the odd and even pixels (starting from pixel 0) arc generated on different lines. This saves
the Address Generator from having (o advance to the next row and back again on alternate sets of 12 pixels. thus reducing
the circuitry “equired. FIG 19 shows a simple dither cell, and how 1o map it 1o a staggered dither cell of the same size
Note that, for determining the “oddness” of 2 given position, we number the pixels in & given row 0, I, Z etc.

The &-bit value from Buffer 2 is compared (unsigned) to the 8-bit valye from the Staggered Dither Cell. I the
Buffer 2 pixel value is greater than or equal to the Dither Cell value, a *17 bit is output to the shift regisier of Buffer 1.
Otherwise 2 ' 0™ bit is output to the shift register of Buffer |.

In order to halfione 9,600 contone pixels, 9,600 contone pixels must be read in. The Address Generator Unit
performs this task, generating the addresses into Buffer 2, effectively implementing the Uplnterpolate task. The address
generation fo- reading BufTer 2 is slightly more complicated than the address generation for the Dither Cell. but not ovesly
0.

The Address Generator for reading Buffer 2 only begins once the first row of Buffer 2 has been written. The
remaining rasss of Buffer 2 are 0. the reading of which would result in ne printed dots.

Each of the 6 effective ourput lines has a register with an integer and fractional component. The integer portion
of the register is used to select which Buffer line will be read to effectively up-interpolate the color for that particular
color's odd ard even pixels. 3 pixe! counters are used to maintain the current position within segment 0, and a single
temporary counter P_ADR (pixel address) is used 10 offset into the remaining 3 segments,

In summary. address generation for reading Buffer 2 requires the following registers. as shown in Table |
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Table 1. Registers Required for Reading Buffer 2
Register Name Size
CyanEven 6 bits (3:3)
CyanOdd 6 bits (3:3)
MagentaEven 6 bits (3:3)
MagentaOdd 6 bits (3:3)
YellowEven 6 bits (3:3) l
YellowOdd 6 bits (3:3)
Cyan_P_ADR 13 bits (10:3)
Magenta P_ADR 13 bits (10:3)
Yeliow_P_ALR 13 bits (10:3)
P_ADR 13 bits (100:3)

The nitial values for tha 6 buffer line registers is the physical dot distance between nozzles (remember that the
fracuonal component is effectively 2 divide by 6). For example, if the odd and even output dots of a color are separated by
adistance of | dot. and nozzles of one color are separated from the nozzles of the next by B dots, the initial values would
be as shown in the First Line column in Table 2. Once each set of 9,600 dots has been generated, each of these counters
must increment by 1 fractional component. representing the fact that we are sampling each pixel 6 times in the verucal
dimension, The: resultant values will then be as shown in the Second Line column in Table 2. Note that 5:5 + 1 = 0:0 since

there are only ¢ buffer lines.

Table 2. Examole Inital Setup and Second Line Values for the 6 Buffer Line Registers

Name Calculzation First Line Second Line
Value Buff Value Buff

CyanEven Initial Position a0 0 01 ¢]

CyanOdd CyanEven+0: | 0:1 0 0:2

MagentaEven CyanOdd+1:2 (8) 1:3 l 1.4 1

MagentaQdd MagentaEven+0:1 1.4 l 1:5 1

YeilowEven MagentaOdd+1:2 (8) 3:0 2 3:1 3

YeilowOdd YeliowEven+0:1 31 3 32 3

The & buffer line registers determine which of the buffer lines is to be read for a given color's odd or even
pixels. To dete:mine which of the contone pixels are read from the specific line of Buffer 2, we use 3 Pixel Address
counters. one for each color, and a single temporary counter (P_ADR) which is used Lo index into each of the 4 segments,
Each segment is separated from the next by 800 dots. In contone pixels this distance is 133:2 (§00/6). We generaic the 4
addresses for the even cyan pixels. then the 4 addresses for the even magenta, and finally the 4 addresses for the even
yellow. We then do the same for the odd cyan, magema, and yellow pixels. This process of two sets of 12 bits - 12 even
then 12 odd, is performed 400 times. We can then reset the Pixel Address counters (X_P_ADR) to 0 and advance the 6
buffer line registers. Every 6 line advances, the next buffer line is now free and ready for updating (by the Convert 1o

CMY process). Table 3 lists the steps in a simple form.

Table 3. Address Generation for Reading Buffer 2
! # ] Addres, rCaicuiaLion lCommcm
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Generate address for even pixel in

0 P_ADR =Cyan_P_ADR

Cyan_P_ADR += 0:1 Cyan segment 0 and advance to next
pixel for cyan

1 CyanEven:P_ADR P_ADR +=133:2 Advance to scgment | (cyan)

2 CyanEven:P_ADR P_ADR +=133:2 Advance 10 segment 2 {cyan)

3 CyanEven:P_ADR P_ADR +=133:2 Advance 1o segment 3 (cyan)

4 CyanEven:P_ADR P_ADR = Magenta_P_ADR Generate address for even pixelin
Magenta_P_ADR += 0:1 Magel_ua segment O and advance 10

next pixel for magenta

5 MzgentaEven:P_ADR P_ADR +=133:2 Advance to segment | (magenta)

6 MagentaEven:P_ADR P_ADR += 133: Advance to segment 2 (magenta)

7 MagentaEven:P_ADR P_ADR += 1332 Advance (o segment 3 (magenta)

8 MagentaEven:P_ADR P_ADR = Yellow_P_ADR Generate addtess for even pixet in

A Yellow segment O and advance 10

Yellow_P_ADR +=0:1 next pixel for yellow

9 YellowEven:P_ADR P_ADR +=133:2 Advance 1o segment | (yellow)}

10 YeliowEven:P_ADR P_ADR += 1332 Advance 1o segment 2 (yellow)

!l YellowEven:P_ADR P_ADR += 13322 Advance o segment 3 (yellow}

12. ! Yel owEven:P_ADR P_ADR = Cyan_P_ADR Generate address for odd pixel in

. Cyan segment U and advance 1o next

Cyan_P_ADR +=0:1 pixel for cyan

13 CyanQdd:P_ADR P_ADR += 133:2 Advance 1o segment | (cyan)

ete

Throughout the specification the aim has been to describe the preferred embodiments of the invention without

fimiting the invention 1o any one embodiment or specific collection of features. Persons skilled in the relevant an may

realize variztions from the specific embodiments that will nonetheless fall within the scepe of the invention.
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CLAIMS

1. A method of generating a staggered dither celi for an image 1o be printed. said method comprising the steps of:
writing color camponent values corresponding to even pixels in first entry locations in said dither ceil:
writing color component values corresponding to odd pixels in second entry locations in said dither celi; and
mapping said dither cell 10 a staggered dither ceil such that lines of said even pixel values are stagpered relative
to lines of said odd pixel values. 7 .

2. The methed of claim | wherein said writing step further includes writing said color component values in said
first and second entry locations in a correct order for printing by a printhead.

3. The method of claim | wherein said writing step further includes writing a number of color componen? values in
one entry location. said number being determined by Joading criteria of a printhead.

4. Tte r.nethod of claim ! wherein said writing steps further comprise writing twelve color component values in
each of said first and second entry locations.

5. A staggered dither cell for storing eolor compoﬁem values of an image to be printed, said dither cell comprising: '
an n x n entry celt where n divides evenly into the number of dots pnintabie by each segment of 2 printhead;
more than one color component value stored in each entry location of said cell; and
lin=s of said values corresponding to odd pixels of said image in said cell staggered relative to lines of said

values corresponding 10 even pixels of said image.

6. Th= staggered dither ceil of claim § wherein n=50.
The= staggered dither celi of claim 5 wherein twelve of said color component values are stored in each entry
location. 3

8. The dither cell of claim 7 wherein said twelve color components consist of three colors to be printed for four

segments of a printhead.

9. A rnethod of converting an image into a dithered, bi-level image for printing. comprising the steps of:
storing an up-inierpolated version of said image in a first buffer:
storing color component values comresponding to odd and even pixels in a dither ceil;
staggering lines of said color componen: values corresponding to odd pixels refative to lines of even pixel
values:
comparing each pixel vatue in said first buffer with ils corresponding value in said staggered dither cell; and
oulpulting an instruction to print to a second buffer if said value from said first buffer 1s greater than or equal to
said staggered dither cell value.

10. The method of claim 9 wherein said storing of said vp-interpolated image and
said stoning of said color component values are controlled by means of an address generator.
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