1 PEC13-SG PRI NT ENG NE CONTROLLER W TH DI THERI NG AND COMPQCSI TI NG

CIRCU TRY FIELD OF THE I NVENTION The invention relates to a print

engi ne/controller (PEC) able to receive_print data and generate and out put
inaformat suited to what inks are avafl able at the print head. BACKGROUND
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example, 1600 dpi bi-level dots of liquid ink across the full width of a page. Dots are easily produced in
isolation, allowing dispersed-dot dithering to be exploited to its fullest. Color planes might be printed in
perfect registration, allowing ideal dot-on-dot printing. The print head enables high-speed printing using
microelectromechanical ink drop technology.

Various methods, systems and apparatus relating to the present invention are disclosed in the
following co-pending applications filed by the applicant or assignee of the present invention
simultaneously with the present application:
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respective input bits to the dot merger unit being ANDed with respective

& i i form an
col or rrasthwmﬁbgmﬂjﬁ@EQ@ﬁ)ﬁ he resultant bits Oed together to
output bit in_a cll}anne for which there is an ink at the print head. The

dot nmerger unft threlaventiqraesifes i5ya R enging/epnipllsr Warise i inks drop prirh diead
respecti venprisigs at a print head. A color mask register within the dot

ner ger unit hmlqtérfa"&‘e H%fcﬁ{o%cgt/?é%ngl%ss%&]agag (% feCt the mapping of image bits
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on an ous pattorpsig@positorithifompbsiieliniapdplandp@gd ni ght be such that a fixative
needs t Othpﬁalﬁaﬁﬁcommﬁoéh%?u%}ng;pr int head then works with six ink channels.
Some a dot merger unit taking bits from the respective planes as inputs; and

a color mask re;gister holding masking bits in number equal to the number of image planes;

respective input bits to the dot merger unit being ANDed with respective color mask register bits and the

resultant bits Ored together to form an output bit in a channel for which there is an ink at the print head.

The dot merger unit provides a means by which to map data bits to the respective inks at a print

head. A color mask register within the dot merger unit holds a pattern of bits that effect the mapping of

image bits input to the dot merger unit. Image data might be delivered to a client with image planes in

all of CMY and K together with data to go into tags on an output page in infrared ink. Speed might be

such that a fixative needs to be used. The ideal print head then works with six ink channels. Some

printers may not provide for all of CMY and K and K may need to be expressed through use of the CMY

channels. It might be desired in some circumstances to put a high-resolution plane otherwise destined for

the K channel into one of the color channels. These outcomes are met through what bits are loaded into



printers may not provide for all of CW and K and K nmay need to be
expressed through use of the CMY channels. It mght be desired in sone
circunstances to put a high-resolution plane otherw se destined for the K
channel into one of the color channel s.3These outcones are net through what
bits are |oaded into 3 PEC13-SG the color nmask register. BRI EF DESCRI PTI ON
OF THE DRAANINSS FIG 1 is a diagramillustrating data flow and the
functions performed by the print engine controller. FIG 2 shows the print
engine controller in the context of the overall printer system

ar chi t ect fif @lor mpskgegister || ystrates the print engine controller architecture.
FIG 4 illustrates the external interfaces to the hal ftoner/conpositor unit
(HCU) of i I showing internal circuitry to the HCU
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* CMY, for regular color printing.

e K, for black text and other black printing.
« IR (infrared), for tag-enabled applications.
« F (fixative), to enable printing at high speed.

Because the printer is to be capable of fast printing, a fixative may be required to enable the ink
to dry before the next page has completed printing at higher speeds. Otherwise the pages might bleed on
each other. In lower speed printing environments the fixative will not be required.

A PEC might be built in a single chip to interface with a print head. It will contain four basic levels of
functionality:
¢ receiving compressed pages via a serial interface such as I[EEE 1394
* aprint engine for producing a page from a compressed form. The print engine functionality includes
expanding the page image, dithering the contone layer, compositing the black layer over the contone
layer, optionally adding infrared tags, and sending the resultant image to the print head.
e aprint controller for controlling the print head and stepper motors.
e two standard low-speed serial ports for communication with QA chips. Note that there ought to be
two ports and not a single port to ensure strong security during the authentication procedure.

In Figure 1 is seen the flow of data to send a document from computer system to printed page.



a print controller for controlling the print head and stepper notors. t wo
standard | ow speed serial ports for communication with QA chips. Note that
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* a memory buffer. The memory buffer 24 is for storing the compressed page image and for scratch
use during the printing of a given page. The construction and working of memory buffers is known
to those skilled in the art and a range of standard chips and techniques for their use might be utilized
in use of the PEC of the invention.

* amaster QA chip. The master chip 25 is ideally matched to replaceable ink cartridge QA chips 26.
The construction and working of QA units is known to those skilled in the art and a range of known
QA processes might be utilized in use of the PEC of the invention. For example, a QA chip is

described in co-pending United States Patent Applications:
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QA chip communication may be best included within the overall functionality of the PEC chip

since it has a role in the expansion of the image as well as running the physical print head. By locating

QA chip communication there it can be ensured that there is enough ink to print the page. Preferably the

QA embedded in the print head assembly is implemented using an authentication chip. Since it is a

master QA chip, it only contains authentication keys, and does not contain user-data. However, it must

match the ink cartridge’s QA chip. The QA chip in the ink cartridge contains information required for

maintaining the best possible print quality, and is implemented using an authentication chip.

Preferably a 64 MBit (8§ MByte) memory buffer is used to store the compressed page image.

While one page is being written to the buffer another is being read (double buffering). In addition, the

PEC uses the memory to buffer the calculated dot information during the printing of a page. During the

printing of page N, the buffer is used for:

Reading compressed page N

Writing compressed page N+

Reading and writing the bi-level dot information for page N

Preferably a PEC chip will incorporate a simple micro-controller CPU core 35 to perform the
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resolution using halftoning. The page description is therefore divided into a black bi-level layer and a

contone layer. The black bi-level layer is defined to composite over the contone layer. The black bi-
level layer consists of a bitmap containing a 1-bit opacity for each pixel. This black layer matte has a
resolution that is an integer factor of the printer’s dot resolution. The highest supported resolution is
1600 dpi, i.e. the printer’s full dot resolution. The contone layer consists of a bitmap containing a 32-bit
CMYXK color for each pixel, where K is optional. This contone image has a resolution that is an integer
factor of the printer’s dot resolution. The highest supported resolution is 320 ppi over 12 inches for a
single PEC, i.e. one-fifth the printer’s dot resolution. For higher contone resolutions multiple PECs are
required, with each PEC producing an strip of the output page. The contone resolution is also typically
an integer factor of the black bi-level resolution, to simplify calculations in the RIPs. This is not a
requirement, however. The black bi-level layer and the contone layer are both in compressed form for
efficient storage in the printer’s internal memory.

In FIG. 3 is seen the print engine architecture. The print engine’s page expansion and printing
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bi-level data has a size of 7MB. Coherent data such as text compresses very well. Using lossless bi-

level compression algorithms such as Group 4 Facsimile (see below), ten-point text compresses with a
ratio of about 10:1, giving a compressed page size of 0.8MB. Once dithered, a page of CMYK contone
image data consists of 114MB of bi-level data. The two-layer compressed page image format described
below exploits the relative strengths of lossy JPEG contone image compression and lossless bi-level text
compression. The format is compact enough to be storage-efficient, and simple enough to allow

straightforward real-time expansion during printing. Since text and images normally don’t overlap, the
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compression ratios ranging from 20:1 to 60:1 for the CCITT set of test images. The design goals and

performance of the Group 4 compression algorithm qualify it as a compression algorithm for the bi-level
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inch and 8.5 inch page widths respectively during maximum printer speed performance (30,000 lines per

second). Given that the decompressed data is output to a line buffer, the G4 Fax decoder can readily
decompress a line from each of the outputs one at a time.

The G4 Fax decoder is fed directly from the main memory via the DRAM interface. The amount of
compression determines the bandwidth requirements to the external DRAM, Since G4 Fax is lossless, the
complexity of the image impacts on the amount of data and hence the bandwidth. typically an 800 dpi
black text/graphics layer exceeds 10:1 compression, so the bandwidth required to print 1 page per second

is 0.78 MB/sec. Similarly, a typical 320 dpi dither select matrix compresses at more than 50:1, resulting
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luminance/chrominance separation is deemed necessary, either for the purposes of table sharing or for

chrominance subsampling, then CMYK is converted to YCrCb and Cr and Cb are duly subsampled. The

(or CMY) contone layer is compressed to a planar color JPEG bytestream. If

JPEG bytestream is complete and self-contained. It contains all data required for decompression,
including quantization and Huffman tables.

The JPEG decoder is responsible for performing the on-the-fly decompression of the contone data layer.
The input to the JPEG decoder is up to 4 planes of contone data. This will typically be 3 planes,
representing a CMY contone image, or 4 planes representing a CMYK contone image. Each color plane
can be in a different resolution, although typically all color planes will be the same resolution. The
contone layers are read from the external DRAM. The output of the JPEG decoder is the decompressed

contone data, separated into planes. The decompressed contone image is sent to the halftoner/compositor



separately. The imge is divided into 8x8 pixel blocks. Each block is then
transforned into the frequency domain via a discrete cosine transform
(DCT). This transformation has the effect of concentrating i mage energy in
relatively |ower-frequency coefficientd1which allows higher- frequency
coefficients to be nore crudely quantized. This quantization is the

princi pal PES&tf%e of conpression in JPEG Further conpression is achieved
by ordering coefficients by frequency to maximze the |I|ikelihood of

adj acent zero coefficients, and then runlength-encodi ng runs of zeroes.
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cores are suitable: it can be any JPEG core with sufficient processing power to perform the required

calculations and control functions fast enough. For example, the BTG X-Match core has decompression
speeds up to 140 MBytes/sec, which allows decompression of 4 color planes at contone resolutions up to
400ppi for the maximum printer speed (30,000 lines at 1600dpi per second), and 800ppi for 1 page/sec
printer speed. Note that the core needs to only support decompression, reducing the requirements that
are imposed by more generalized JPEG compression/decompression cores. The size of the core is
expected to be no more than 100,000 gates. Given that the decompressed data is output to a line buffer,
the JPEG decoder can readily decompress an entire line for each of the color planes one at a time, thus

saving on context switching during a line and simplifying the control of the JPEG decoder. 4 contexts



contone pixels for a 320ppi line of length 12 inches. If the full 12 inches
of output was required at higher contone resolution, nmultiple PEC chips
woul d be required, although it should be noted that the final output on
the printer will still only be bi-levell2Wth support for 4 colors at
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address is toggled (double buffering). The logic for the scale unit is the same for the 8-bit and 1-bit case,
since the scale unit only generates addresses.

Since each of the contone layers can be a different resolution, they are scaled independently.
The bi-level spotl layer at buffer 45 and the dither matrix select layer at buffer 46 also need to be scaled.
The bi-level tag data at buffer 47 is established at the correct resolution and does not need to be scaled.
The scaled-up dither matrix select bit is used by the dither matrix access unit 48 to select a single 8-bit
value from the two dither matrices. The 8-bit value is output to the 4 comparators 44, and 49 to 51, which

simply compare it to the specific 8-bit contone value. The generation of an actual dither matrix is



Typically, the contone |layer is CWK or CW, and the bi-level spotl |ayer
is K In FIG 5is seen the HCU in greater detail. Once started, the HCU
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6 input bits. Each of the input bits is ANDed with the corresponding ColorMask register bit, and the
resultant 6 bits are then ORed together to form the final output bit.

The ColorMask registers for each output are set depending on the meaning of the input layers
and the available inks in the print head.

Assuming contone layer 1 is cyan, contone layer 2 is magenta, contone layer 3 is yellow, and

contone layer 4 is black, bi-level spot! is black, bi-level tag is infra-red:
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If none of the cyan, magenta, yellow or black inks require fixative, but the infra-red ink requires

fixative, the ColorMask register for fixative would be 100000.

In FIG. 7 is seen the dot reorg unit (DRU) which is responsible for taking the generated dot
stream for a given color plane and organizing it into 32-bit quantities so that the output is in segment
order, and in dot order within segments. Minimal reordering is required due to the fact that dots for
overlapping segments are not generated in segment order. The DRU contains a 32-bit shift register, a
regular 32-bit register, and a regular 16-bit register. A 5-bit counter keeps track of the number of bits
processed so far. The dot advance signal from the dither matrix access unit (DMAU) is used to instruct
the DRU as to which bits should be output.

In FIG. 7 register(A) 62 is clocked every cycle. It contains the 32 most recent dots produced by
the dot merger unit (DMU). The full 32-bit value is copied to register(B) 63 every 32 cycles by means of
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The margin unit (MU) 57, in FIG. 5, is responsible for turning advance dot and advance line

signals from the dither matrix access unit (DMAU) 48 into general control signals based on the page

margins of the current page. It is also responsible for generating the end of page condition. The MU

keeps a counter of dot and line across the page. Both are set to 0 at the beginning of the page. The dot

counter is advanced by 1 each time the MU receives a dot advance signal from the DMAU. When the

MU receives a line advance signal from the DMAU, the line counter is incremented and the dot counter

is reset to 0. Each cycle, the current line and dot values are compared to the margins of the page, and

appropriate output dot advance, line advance and within margin signals are given based on these



the full 32 bits fromregister B A 32-bit value nmade up fromthe 16 even
bits of register A (bits 0, 2, 4, 6 etc.) and the 16 even bits of register
B. The 16 even bits fromregister Aformbits O to 15, while the 16 even
bits fromregister B formbits 16-31. 16 32-bit value nmade up fromthe 16
odd bits of register B (bits 1, 3, 5 7 etc.) and the 16 bits of register
C. The bi ¥ register Cformbits 0 to 15, while the odd bits from
register Bformbits 16- 31. The state machine for the DRU can be seen in
Table 1. It starts in state t ch es state ev cycles. Durin
Che 32 cyBiEd dnePMD oDt s A PEar O rHE® B BEDal | the dot |
advance bits fIrFIG.t Bdseen3ke ling ddads / fomo@weit (AU W otceieed detricfermam fopcthe 0, and

noOver | apHCU r]QaQs’ ﬁl@ ld@tp foe‘wg)/ %nn@-ﬁﬁ’e"’\%% Jr(%ﬁxate GMﬁ* §§ragL (;0918 %g):hlp,-gﬁpgo%leln State
machi ne for DRU St ate Et) Val Next State 0 X

id

B 0 Start@fsmet QRaM,34) and femﬁts ﬁ@@uwafher?&hr Wéﬁeﬁi &’b“‘f pring wnt%flﬁ% el plogk 1 0 B 1
2 over | afiagrath GrEHRILAFD & t&rei€ 6fid ektetedl inferfa@\iehovid iXFIG. QVEiklimpm 63 to tBe BLRUOSN ai ns
first ove r cond 1
over | ap' TR zrRT R d ‘giﬁah@?ﬁ ot Mgl otine BE0, BronuE@IL Bier BRAETT
advance d6PressRie amnle@ of il hering gl a@rg@ew ofrf %Oi?és dot Hbﬁ% © AR Pits mryde yalidyni ¢
(DVAU)  48depsntiiag gﬂ{mrn@lhy M&éﬂcmaly@mllr?thmﬁada@n t he page mar gi ns of t he
current page. LS. e for end of
condi ti on. Thejn’f/lalhyskcg]é%acené{mt(s:gfﬁ%iné POl o 5“ gli’ adﬁée]fggné? owgVe ﬁouleso °Both
are set toise raus, méqes that oddrand evgn dotts of the sapng gelor aetfer teiediffereng lings- ehe pygn é@i/aa?lc ed by
l%/U each tifpide fleadv%ero@@ @dté@@foﬁluﬁ(}lz A YRINGR, (Bdr B @-hunfllfep&"lﬁlé%%e%%e M@@ﬂ t he

recei ves ne ¢

i ncrenent ®8§° ‘g‘?f&“‘{]'ﬁ%? d’? Efnts e tL‘T écoﬁ’églé‘les f°f[))t[}‘/Asah’E3% ﬁosétﬁ?ﬁ fre c'ﬁ‘i“%&g 3&? ? ent
line and thotbywid HES tiereds Tonpardeidy the ditldeta fraragh pighedolot blenepergibthe samg dot is

appropri argogng},g@mdgrtgqur%\é@é@gg,m&lene advance and within margin signals are

gi ven based on_t hese
The size of each buffer line depends on the width of the print head. Since a single PEC

generates dots for up to 15 print head segments, a single odd or even buffer line is therefore 15 sets of
640 dots, for a total of 9600 bits (1200 bytes). For example, the buffers required for color 6 odd dots
totals almost 45 KBytes.

The entire set of requisite buffers might be provided on the PEC chip when manufacturing
techniques are capable. Otherwise, the buffers for colors 2 onward may be stored in external DRAM.
This enables the PEC to be valid even though the distance between color planes may change in the
future. It is trivial to keep the even dots for color 1 on PEC, since everything is printed relative to that
particular dot line (no additional line buffers are needed). In addition, the 2 half-lines required for
buffering color 1 odd dots saves substantial DRAM bandwidth. The various line buffers (on chip and in
DRAM) need to be pre-loaded with all 0s before the page is printed so that it has clean edges. The end of
the page is generated automatically by the HCU so it will have a clean edge.

In FIG 10 is seen a block diagram for Color N OESplit (see Oesplit 70 of FIG. 9), and the
block diagram for each of the two buffers E and F, 71,72 in FIG. 9 can be found in FIGs. 10 and 11.
Buffer EF is a double buffered mechanism for transferring data to the print head interface (PHI) 32 in
FIG. 3. Buffers E and F therefore have identical structures. During the processing of a line of dots, one
of the two buffers is written to while the other is being read from. The two buffers are logically swapped
upon receipt of the line-sync signal from the PHI. Both buffers E and F are composed of 6 sub-buffers, 1
sub-buffer per color, as shown in FIG. 11, the color 1 sub-buffer numbered 73. The size of each sub-
buffer is 2400 bytes, enough to hold 15 segments at 1280 dots per segment. The memory is accessed 32-
bits at a time, so there are 600 addresses for each sub-buffer (requiring 10 bits of address). All the even
dots are placed before the odd dots in each color’s sub-buffer. If there is any unused space (for printing

to fewer than 15 segments) it is located at the end of each color’s sub-buffer. The amount of memory



mar gi ns. The DVMAU contains the only substantial menory requirenents for the
HCU. In FIG 8 is seen the line |oader / format unit (LLFU). It receives
dot information fromthe HCU, |oads the dots for a given print line into
appropriate buffer storage (sone on chi¥ and some in external DRAM 34)
and formats theminto the order required for the print head. A high |evel

bl ock di&§t%iH of the LLFU in ternms of its external interface is shown in
FIG 9. The input 67 to the LLFUis a set of 6 32-bit wrds and a
DataValid bit, all generated by the HCU The qutput 68 is a set of 90 bits
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cycle group. Once the first Advance pulse arrives, the LLFU is synchronized to the PHI.
The read process for a single dotline is shown in the following pseudocode:
DoneFirst = FALSE
WantToXfer = FALSE
For DotInSegment0 = 0 to 1279
If (DotInSegment0:bitd == 0)



to fewer than 15 segnents) it is located at the end of each color's

sub- buffer. The anobunt of nenory 17 PECL13-SG actually used from each
sub-buffer is directly related to the nunber of segnents actually addressed
by the PEC. For a 15 segment print heddthere are 1200 bytes of even dots
foll owed by 1200 bytes of odd dots, with no unused space. The nunber of
sub- buf f e 1ﬁ%ﬁ nfully used is directly related to the nunber of colors
used in the print head. The maxi mum nunber of colors supported is 6. The
addr essi ng decodi ng_circuitr or each qf buffer nd Fis such that in a
given cycle, a singf&ds3P B’i“%éegé‘&?&tgggghgﬁﬁ(%‘é“mﬂfé%t%6 6 sub-buffers -
either aread fromdll 6 or a wite to one of the 6. Only one bit of the
32-bits read fromgagh,G@l.QnddtdRhsi s sel ected, for a total of 6 output
bits. The process I's shown in G 11. 15 bits of address allow the
reading of a partPeular bit by means of 10-bits of address being used to
sel ect 32 bits, andwamtbixfs =gkfeBHehatg -elopose 1-bit from those 32. Since all

color sub-buffers L gives a total
of 6 bits out, one ﬁ\pﬁ{e&a&e gwl?)n?ﬂb%ééﬁlﬁidt}gﬁ% %@Bkgpgﬁ gg{/&géﬁas its own
WiteEnable |ine, tBOIﬁTITSme@eE‘TSh‘Qlﬁ@WgEE’éﬁbF value to be witten to a

particul ar col or bufdier wediTexrgiAk@NOY aiv@iteERdbR) | ndi vi dual Wi teEnabl es are
gener ated by ANDI ng_{.h in (teEnabl e input with the decoded form of
Col or Sel ect. The 32§\gmeEnaa? %é%%ﬁyz\’:q on line 79 are shared, since only one
buffer will actual | ¥(&Vrédkatile data in. Address generation for reading from

buffers E and F is stgmﬂ&tstep;m&httbuE@&IhEm&le[ﬁeggﬁl@eﬂaéuema bit address
that is used to fetch bltfs«wrg&ig % enting I-bit per color for a particular

segnent. By adding 69}f5rAtd6~ %nt bit address, we advance to the next
segnent's equi val ent XfetsRemAingdKiG4Bmbinog - 1280) since the odd and even
dots are separated jjt he buffer. W do this NunBegnents times to retrieve
the data represent the even dots, and transfer those bits to the PHI .
Wien NunmSegments 0 t‘ig%rt‘ﬂ?éa%rrber of bits is 90 (15 x 6 bits). The process
is then repeat eehdf@r the odd dots. This entire even/odd bit generation

process is repeﬁ,&g‘gﬁlpﬁgfek%rmﬁe?wg&rhg Rtdgng the start address each tine.

Thus all dot values are transterred to the PH in the order required by
the print head §ifesa0NRTEEeNEInSegnent s cycl es.  Wien NunSegnents = 15, the
nunber of cycles is 19,200 cycles. Note that regardl ess of the nunber of

col ors act ua! l\)é]fil’ésreea }orc] s;[ Q%‘Fxg {*rlrrlltg d'(baﬁ 13 E or p}o the % \%tggr%gegsqs grrqpaﬂagtgthven read

cycle (one bit from tion,
TW i teEnaB*téOtd@ﬁwtbﬂot@t@ﬁw for witing to the 90-bit Tr ansfer regi ster 90

[ nI FI Gb ]9 Si nge datb&lﬂgbal%hdelstbi;@r&slslzefopr &utd Rerdrddiby tmowsl{dcbxbmsﬁﬂﬁ&lhehfi rst
val ue efore t \ u S te the
next val L}’égf‘fm$?§cf%%§ I\B ﬁlgr Ha?sst wi} vgrllﬂgew}lenev%etﬂ% 8“5& F\paf Bs to

t ransf er sethand£glert6 daallwmtemdtlrlheotﬁ'erramgff@mrc&sgqr§t er after NurrSegrrents cycl es,
and then to shatd ofNURBEORRNt & isCy§) lﬁtsreélﬁ&qfsed twofdl angngieopic@ b&eAdy 30Ge pul se

to start the next Nupﬁ ment s cl e group the fir dvance pul se
arrives, PHEPERUYS OEW%CEH ‘]fé% a’%ﬁ%““ﬂ‘—ﬂus o5r{ig Piegd 8‘3: LE IS singl e
dot | i ne ipsinshaifferent tithee f ol | owi ng pseudocode: DoneFirst = FALSE
Buffer AB 82 is a double buffered mechanism for delaying odd dot data for color 1 by 2
dotlines. Buffers A and B therefore have identical structures. During the processing of a line of dots,
one of the two buffers is read from and then written to. The two buffers are logically swapped after the
entire dot line has been processed. A single bit flag 4BSense determines which of the two buffers are
read from and written to.
The HCU provides 32-bits of color 1 data whenever the output valid control flag is set, which is
every 32 cycles after the first flag has been sent for the line. The 32 bits define a contiguous set of 32
dots for a single dot line - 16 even dots (bits 0, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5 etc.). The output
valid control flag is used as a WriteEnable control for the OE, register §1. We process the HCU data
every 2 OutputValid signals. The 16 even bits of HCU color 1 data are combined with the 16 even bits of



Want ToxXfer = FALSE For Dotl nSegnmento = 0 to 1279 |If (DotlnSegnento:bit0 =
0) 18 PEC13-SG CurrAdr = DotinSegnentO (high bits) (puts in range 0 to
639) Endlf XfersRermaining = NunSegnents Do Want ToXfer = (XfersRenaining
0) TWiteEnable = (Want ToXfer AND NOT dheFi rst) OR PHI : ADVANCE DoneFir st
= DoneFirst OR TWiteEnable Stall Want ToXf er AND (NOT TW i t eEnabl e)

SW it eEnaBic&Se NOT(Stall) If (SWi t eEnabl e) Shift Register = Fetch 6 bits
from EFSense[ ReadBuffer]: CurrAdr CurrAdr = CurrAdr + 640 XfersRenai ning =

XfersRemaining - 1 Endlf Until (TWiteEnable t un | | BufferEF
Wite pr d&%%%f%ﬁ’aéo PR P& PitsPT e ep gRlprsledata. Iﬁ@?ﬁq’éﬁgelﬁé&jﬁ%‘?f pgb °818r Wotess is
t r ansf er rdonginetaieh the @roddEbiarof fegitter QR o e 32-bitswf bddecolor b dats Jposrepripgpthe ng t he
next dot- rgt%éb&aﬂéﬁ gngt Efﬁé Féagg Jfﬁ»‘dnj, wi B ds{@({eﬁAﬁjﬁ,ltagsfeMﬂem@&awcoﬁ)r@r73 EnDI S

color | data generate from buffer

(suppl i edf16r & mwfer%mpn ‘Ieceﬂ’&f’%fh‘i %“Wl PripYrlid sigrabolthrediang &F Vo WU s

fOJt put Val hél3£di@gr dds datS@lthe saidodafdndh bifeBAB Gkt réad\ifoint presfoustit) Bridvg vatidyee  ti mes
romregister IG 9 is a 32-bit register used to hold
a single f_z] ‘éee‘ﬁeéir%ﬁt[eo olgh w’thfn]bu(%:fgrn i guous 32 dots for color 1. Wiile the
dots are cont i Basi¢y poyideh bhisnefalata pprecolotitiang fbenexgethe QutpValideontigl fag dssef- at

differ entTﬁéd&&%evgyif @Eleg%ﬁce&?duf c&idﬂ%&ﬁh@tlr@dfT&rﬁﬂnsﬂﬁﬁﬂaaﬂbrﬁgﬂoﬁﬁd’etdﬂeﬁ ayi ng

odd dot for d herefore have
i dent i cal ‘%és? &EY‘QF&?MDJPF%&%?% ltSpo %qﬁig’laﬁégj o(gd OtTAqb%snl S “§dts, one of the
two buf fers i sWhikédffdr OBm(8AMdFIGh&d iswséd b etpre b oingld Prabit vatye Bmf?¢1@rlsblléfpreoﬁogi cal |

swapped afoR! artk Red oSfdfe I shigd 85-bik LML f&@&o@@% @fp@&i@<§§ 8kt ashheSlatd @r o1kt 1tis f | @Q

ABSense determ nes which of the two ers are fr
split into 32-bits representing color 1 odd dots and 32 K)lts representing co or ? eve cgg ea\'lgrgl 6X\/<r:ycfet en to.

(once every two OutputValid flags), the remaining color planes are also split into even and odd dots.

However, instead of being written directly to buffer EF, the dot data is delayed by a number of
lines, and is written out to DRAM via buffer CD (84 in FIG. 9). While the dots for a given line are
written to DRAM, the dots for a previous line are read from DRAM and written to buffer EF (71,72).
This process must be done interleaved with the process writing color 1 to buffer EF.

Every time an OutputValid flag is received from the HCU on line 85 in FIG. 10, the 32-bits of
color N data are written to buffer OEy (83). Every second OutputValid flag, the combined 64-bit value
is written to color buffer N (86). This happens in parallel for all color planes 2-6. Color Buffer N (86)
contains 40 sets of 64-bits (320 bytes) to enable the dots for two complete segments to be stored. This
allows a complete segment generation time (20 x 64 = 1280 cycles) for the previous segment’s data (both
odd and even dots) to be written out to DRAM. Address generation for writing is straightforward. The
ColorNWriteEnable signal on line 87 is given every second OutputValid flag. The address starts at 0,
and increments every second OutputValid flag until 39. Instead of advancing to 40, the address is reset
to 0, thus providing the double-buffering scheme. This works so long as the reading does not occur
during the OutputValid flag, and that the previous segment’s data can be written to DRAM in the time it
takes to generate a single segment’s data. The process is shown in the following pseudocode:

adr=0

firstEncountered = 0

While NOT AdvanceLine)

If (HCU_OutputValid) AND (firstEncountered))
ColorNWriteEnable = TRUE
ColorNAdr = adr
If (adr == 39)
adr=0

y



The HCU provides 32-bits of color 1 data whenever the output valid control
flag is set, which is every 32 cycles after the first flag has been sent
for the line. The 32 bits define a contiguous set of 32 dots for a single
dot line - 16 even dots (bits 0, 2, 4 .), and 16 odd dots (bits 1, 3, 5
etc.). The output valid control flag IS used as a WiteEnabl e control for
the OF1 rRE§1%Cer 81. W process the HCU data every 2 QutputValid signals.
The 16 even bits of HCU color | data are conbined with the 16 even bits of
19 PEC13-SG register_OE, to make 32-bits of even color 1 data. Simlarly,
the 16 odd bits of HEcolor 1 data are combined with the 16 odd bits of
regi ster OE, to make 32Zdbtddss+of odd col or | data. Upon receipt of the

first QutputValid sighgl of the group of two, we read buffer AB to transfer
the odd data to col or 73 in FIG | | within buffer EF. Upon receipt of
t he second Qut putBksl i d S|gnal of the group of two, we wite the 32-bits of
odd data to the sam»idOwai-ioble=FADSEfer AB that we read from previously,
and we wite the -bits of even data to color 1 within buffer EF. The HCU
provi des 32 bits 0Of data per color plane whenever the QutputValid control
flag is set. Thils(Hs&cOntput¥alidty 32 cycl es except during certain startup
tinmes. The 32 bits @gkichfitefd CNUT(@MBAMSunRRId) of 32 dots for a single dot
line - 16 even d If(bits 0, 2, 4 etc.), and 16 odd dots (bits 1, 3, 5
etc.). Wile buff OE, (83 in FIG 10) is used to store a single 32-bit
val ue for col orEn@Whituffers OE2 to OE6 are used to store a single 32-bit

val ue for col o{fres deferdfiod ReRER! 1§/ %klMer sirlé@ ft isARd e ERh@sof QRAMQJ:&k (ot S
split into 32-bits rep resentln

d dots and 32-Db nting
col or | &tAdie et %’“‘é‘ﬁérbﬁ}ffe@flzﬁ?? %nd tg‘if?f?:r& g%]r generagen-odt 15 GV ‘I%I%I )ﬁagﬁ@ t he
remai ni nge@l or planes are also split into even and odd dots. However,

I nst ead [t ?sl #&r&%ﬁ fot glﬂ‘fegld %El A ah@ccpdﬂtl faferan FEd tottltfkeu fciﬁiA@vI hc%esg%@-yed by
a nunber o nes IS Wwitten out to DRAM vi a £84 |Q?FIG

9). Wil émtsh‘@t istae Y”é‘f‘”h’rb?”\?‘é‘“‘?ﬁmgl“ﬁ@ regprds to RpffepsEand f OTIESW Pripgile §EPEG or a
Previ ous daiafi@ adige sepicht 6rcoms NDRAMr adttbr weh éte s ttaosfdmad frém thEPRANIo FiZler EF Thi s

Process m’l t ereCﬂjQ%% {he %l% )}ag ge\éﬁ Fea%&rp thﬁ/[ tRJsQ (gssaﬁe x\r%lﬁctea Elagedcbg |ﬂ{3 allxestlrp buf fer

EF. Every ag I's receive l1ne 85 in
FIG 10, Ct‘oﬂr@Blgfz@bu Fhis le)flone d@sleagh ofthd splars & edd\gpd ?"@’é ﬁot% oA F‘é‘i’m‘ﬁﬁ‘iﬁft‘ﬁ%ﬁ Every
second QWdPIH folddksingk dedua@iatel @6 s&dTlal E\}eﬁs)ﬁtﬂmbhetprdéékls bkins hgainWOhdetti@rath €or 6lD] Or

buf fer .Thi s ha en for | or
Buf f er %%‘6%‘ e S %a eerpg?ns%ﬁ%bﬁ ]%(RJ{ h %ﬂgﬁdé%f o he dots
for two oomwm @ReMst@gwemdganp@ spéhait gflhs. themprgpnaw qu@tm oéhr@bwwl e Ear%‘ébﬁe nt
gener at i QRalthr R dobPs Xinhid read BB oG MRARS) Inf ik rdsfder thohEMé DH&MS@@ Aeftons oflat a

et ng G SoniiORR N e St o i ERART RS by BT RRCe-PRRENRE P T
gi ven eveN farsesidiedn Qs it buferi @ Theagpyinglobdatadel beBsC %@ﬁrﬁogx %ﬂt cydles depanding
i ncrene nto?i v&%gtﬁgrﬁle %ﬁﬁ)&%ld@iﬁ% Q&hr\/%ring e |2@9aﬂs!f31ts| bncd %oth {018 heREindHfed @ﬂﬂ@ﬂﬁ Ing to

40, the address iIs reset rovi e, doubl e- buf f eLi schene.
Thi's wor ktge IRAN! gocgss 3l herthe S}"g&rdi‘shb thﬁ Ef‘é@“dr%'f 0#613:33’51‘?”55 BEPFni AR m(Bﬂ{feﬁ &anl id
flag, andwiteato DRYM phesdine beatisegsoat jist ral) andcizniatyén et R ot tORART Ein t he

tinme it gl\%lﬁeéo dor g%gtgf Ehta%fe e&fo %gilfe‘? EF GAIEAL O&pﬂ%hﬁ 'ﬂaér D6t BhQGEISS] dat iShOWN i N
the foll ow ng pseudocode: =
being transferred). When both tasks have ﬁmshed the same process occurs for the other sense of color N

(either odd or even), and then for each of the remaining colors. The entire double process happens 10
times. The addresses for each of the current lines in DRAM are then updated for the next line’s
processing to begin.

In terms of bandwidth, the DRAM access for dot data buffers consumes the great majority of all DRAM
access from PEC. For each print line we read an entire dot line for colors 2-6, and write an entire dot line
for colors 2-6. For the maximum of 15 segments this equates to 2 x 5 x 15 x 1280 bits = 192,000 bits
(24,000 bytes) per print line. For the fastest printing system (30,000 lines per second) this equates to 687



firstEncountered = 0 Wiile (NOT AdvancelLine) If (HCUQutputValid) AND
(firstEncountered)) ColorNWiteEnable = TRUE Col orNAdr = adr If (adr ==
39) adr = 0 20 PEC13-SG Else adr = adr + 1 Endlf Else

Col orNWiteEnable = FALSE Endlf If (Ha}_OJt put Val i d) firstEncountered =
NOT(firstEncountered) Endlf End Wiile Address generation for reading is
trickier,PE&'H%® it is tied to the timng for DRAM access (both readi ng and
writing), buffer EF access, and therefore color 1 generation. It is nore
fully expl ained bel ow. Addr ess eneratl on faor. ffers E . E. .and

col or N ar¥Bass Foy kpyes psr feﬁ‘é‘dﬂ’f“ﬁ‘i"ﬁg‘ e BRI HEL LS 12 “&%ﬁc' T%%t%er%r{dw?dm RBrfere
wi t h col od }ﬂghpme@messengfw tvdmousdgtimds forceatiudofoe irs DEAMrstioufd beTdpamipaksioc the
principl e ér§or}t ?ﬁetabﬁgsn?%sedd Bﬂm%ﬁLﬁteﬁqgw}ﬁpleoéfz QQJ' st }le-(hﬁé Exﬂ@rr jsodd or

even dots erre rom-t vi a buff . Once
the data ?Hl@@?dlf@éﬁChﬁélaﬂtofarIM%B%XWé’a%rhéts P%BMMé’&eﬁaéééhed’ﬁ”‘I“ﬁe
val ues i NseghdtsQkBpbeREdN! is TldeSsaty S0 ElRME tHaOif teaah 0Othe hbxe @b M@s aingoddhe and

even dots étitafbé/te)a%g l S}tte qxB ec,]g%gtt};e§ Blew ﬁlhacgefss \g&id%g'ﬂlazspageg c gﬁglgf&% ﬁ\lg (20

sets of 6485¢ ns again or all

segnent s Yarjabde @W@H@fﬁﬂh lfn‘!SPcl tﬁé dflaBr pisemset qné Ffstf‘é?"lfseﬁle p4ders i Frynded uDiRAE t he
current agglRESind Qfredt (D38 pag@-ﬁligﬁé’d QIOMnQUﬁJ (ﬁ‘x[y WaSte db4DNGEFEr $Dsefhidts, bt W | |

bethe appropriate n ines uny articular data for the
color's | %@ ??V@&éa&@é@??%?ﬁswwf P'H”tt"ﬁasm e¥hect then, the DRAM acts as
a formof FIFe adﬁmsgquemn prgcossahmlve chhs{deied weumGabtendy wathe@h)0 sets off 2t r om
DRAM i nt uf f h ense) to buffer
C. The cgblpreadS%l?weg\é?%d %%) ggqm '%aglggge’\l&%%%r%%%ﬁgé% cg)g) dgependl ng on
whet her the OJtEEﬁt%FhidOflag occurs during the 20 transfers. Once both

t asks have fi niﬁbﬁﬁinf(egﬂ{msqﬂeiy t he DRAM access wi |l be the slower task),

t he second part olfé ?h %?51&&3199&0'? The data in buffer Cis witten to

DRAM (the same | otAFFEHET ad WP €Y r ead) and the data in buffer Dis
copi ed to buffer EFPRAMStartAddress = ColorCurrAdr[CurrColor]

While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr=0
While (ColorNAdr 1= 20)
If NOT HCU_OutputValid)
Transfer ColorNBuffer] ColorNAdr|CurrColor_bit0] to C[ColorNAdr]
ColorNAdr = ColorNAdr + 1
EndIf
EndWhile
EndWhile - wait until read has finished

While writing 640 bits from C into DRAMStartAddress (>=20 cycles)
ColorNAdr=0
EFAdr = EFStartAdr
While (ColorNAdr !=20)
If INOT HCU_OutputValid)
Transfer D[ColorNAdr] to EF[CurrColor|EFAdr]
If ((ColorNAdr == 19) AND (CurrColor == NumHalfColors))
EFStartAdr = EFAdr + 1
Else
EFAdr=EFAdr +1



(again, no color Ndata is transferred to buffer EF while the QutputVvalid
flag is set since color 1 data is being transferred). \Wen both tasks have
finished the sane process occurs for the other sense of color N (either
odd or even), and then for each of t he 2% mai ni ng colors. The entire double
process haq%ganss 10 times. The addresses for each of the current lines in
DRAM ar e Qpdated for the next line's processing to begin. In terns of
bandw dt h, the DRAM access for dot data buffers consunes the great majority
of all DRAM access from%PWEi%. For each print line we read an entire dot
line for colors 2-6, and te an entire dot line for colors 2-6. For the
maxi mum of 15 segnents t hCdorSgdrat@dorliadr2 1x 5 x 15 x 1280 bits = 192, 000
bits (24,000 bytes) pegygprint line. For the fastest printing system
(30,000 lines per second) this equates to 687 21 PEC13-SG MB/sec. For 1
page per second pri nt ¥y e bandwi dt h required is 312 MB/sec. Since the
bandwi dth is so higlawnilhevaadak esigdss fofshddne vari ous half-1ines for each
color in DRAM should be optim zed for the nenory type being used. In an
RDRAM nenory system for exanple, the very first half-line buffer is

al i gned for each co‘lfﬂ?Rﬁtl\é)St‘?itAfl’éBerDBéH%éY%} to maximze page-hits on DRAM
access. As the vari OUSolorS@HHUEBIrCoRF|E rilin® GEBRAUSatAddfesNEARSIKBYY pige ensur e
that if the start Ise t he next segnent was going to be aligned at byte 960
within the I KByte p Je, then the 640-bit access woul d span 2 pages.
Therefore the vari abfeorORxKEyalorli-PRIMHartAddrelie SO ¥i6r this case, and if
it occurs, the addrggsg is rounded up for the next half-line buffer to be
page- al i gned. Consequently the only waste is 64 bytes per 13 segnents, but
have t he advantage of the 640-bit access conpletely within a single page.
The address gener atlf (hagqmntocessSeamntle consi dered as NunSegnments worth of 10

sets of. 20 x 32- bi tIf{(ﬁ)ﬁ)@@\nfoQ% @M@Qorﬁ@&orﬁaﬁ%wm&rcwﬂ)t es, and it can be
seen in the foll owi ng pseudocode: EFS

rt Adr :‘2'8“28 l]mSegnents times: For
CurrCol or = 0 to MaxHal $3tumRovicalst 2t Ngar 8% or cur - Adr [ Cur r Col or]
VWi | e read| ng 640 bits ¢decrDRAMTICabt] AdthfoesatAdrituorCBiot= 20 cycl es)
Col or NAdr 0 Wile (&Kol orNAdr '= 20) If (NOT HCUOJtputVaIid) Tr ansf er
CoIorNBuffer[CoIorNA CurrCol or _bit0] to C Col or NAdr Col or NAdr =
Col or NAdr + | Endl f  EnfeRistreRowEREGH 2 ColofaiRowlarCrlod 8dd has fi ni shed
VWhile witing 640 bi tgadffrom C i nt o DRAMSt art Address (>=20 cycl es)

EndIf
EndFor
EndDo
Wait until next Advance signal from PHI
Note that the MaxHalfColors register is one less than the number of colors in terms of odd and

even colors treated separately, but not including color 1. For example, in terms of a standard 6 color
printing system there are 10 (colors 2-6 in odd and even), and so MaxHalfColors should be set to 9.
The LLFU requires 2NumSegments cycles to prepare the first 180 bits of data for the PHI. Consequently
the print head should be started and the first LineSync pulse must occur this period of time after the
LLFU has started. This allows the initial Transfer value to be valid and the next 90-bit value to be ready
to be loaded into the Transfer register.
The print head interface (PHI) is the means by which the processor loads the print head with the dots to
be printed, and controls the actual dot printing process. It takes input from the LLFU and outputs data to
the print head itself. The PHI will be capable of dealing with a variety of print head lengths and formats.
The internal structure of the PHI should allow for a maximum of 6 colors, 8 segments per transfer, and a
maximum of 2 segment groups. This should be sufficient for a 15 segment (8.5 inch) printer capable of
printing A4/Letter at full bleed.

Throughout the specification the aim has been to describe the preferred embodiments of the



Col or NAdr = 0 EFAdr = EFStart Adr Wile (ColorNAdr !'= 20) If (NOT

HCU Qut putValid) Transfer D[ Col orNAdr] to EF[CurrCol or| EFAdr] If

((Col orNAdr = 19) AND (CurrColor = NumHal fCol ors)) EFStartAdr = EFAdr + 1
El se EFAdr = EFAdr + | 22 PEC13-SG ER@ f Col orNAdr = Col or NAdr + 1
Endl f EndWile EndWile - wait until wite has finished If

( DRAVSt arfFAHd%ess == DRAMMVaxVal ) Col or Curr Adr[currCol or] = round up

DRAMSt art Address to next 1KByte page Else ColorCurrAdr[currColor] =
DRAMSt art Address + 640 bits, Endlf If (Segnent maxSe nb%{‘] | f

( Col or CurlPYRBRR CYifhpeedimgiing the %?“B?Mméswé‘tﬁ‘g‘? eWr ) SPects| GRELPr B E S r Col or ]
= Col or Strrsbi2emifl€luil thCat fsy reali@ovagiationy fioddihé specificGadbodithents that will nonetheless fall

Coi or5targ | se Col orStartRowf currColor] =

Col or mrréé\fli\;[t{éeusﬁp%:ogl%eq Jentlo:f:r Endif Endlf EndFor EndDo Wait until next
Advance signal from PH Note that the MaxHalfColors register is one |ess
than the nunber of colors in terns of odd and even colors treated
separately, but not including color 1. For exanple, in terns of a standard
6 color printing systemthere are 10 (colors 2-6 in odd and even), and so
MaxHal f Col ors should be set to 9. The LLFU requires 2NunSegnents cycles to
prepare the first 180 bits of data for the PH . Consequently

€




the print head should be started and the first LineSync pul se nmust occur
this period of tine after the LLFU has started. This allows the initial
Transfer value to be valid and the next 90-bit value to be ready to be

| oaded into the Transfer register. Thezﬂri nt head interface (PH') is the
nmeans by which the processor |oads the print head with the dots to be
printed, &fAtFontrols the actual dot printing process. It takes input from
the LLFU and outputs data to the print head itself. The PH w Il be
capable of dealing with a variety of print head | engths and formats. The
internal tA™MEture of the PH should allow for a maxi mumof 6 colors, 8
segment s per tA pinséngine coamalleafor apagdwidihinkgét pﬁntsh@gnmnrin@ngmmntrowriirsluéhmul d be
suffi ci ent for Fslg?esiﬁt%&tcxr(:lﬁt V%xl&h%haesgﬁ inpﬁt%terﬁl@ao\@lh&hQS %nﬁgtf?éd' t@rréca%

Adl Letter at fu Throughout the specification the aimhas been to
descri be dlagenspseias FORPrsiTh FeECBATS a@ﬁf aty Igpst ong degoglerythat dseeqnpRgleth 19 B HREY hout
limting iht@ict idetonfired © dadolle dRGepBRENLY ifBL!plaes tikpeaitihitthcobrestd oge of
feat ures. lmalIgsertseo sstsolr<1| l !e dted el mpgch%rt may realize variations fromthe
specific e nat tHat W I honet fiel ess fall within the scope of the
i nventi on. 24 PECHBhesitz @Emmmsltlrg cirgyitpythieh issaefisred edither g1dicampodsiecaged
lpageW dt h i nkjighgeltata Rdceil@aHbdm t\tllﬁ@r RER, El&:o&ﬁgller'tﬁ@thﬁ*iﬂgl'Eu[dcﬂoinﬁd’mtlhg]6:1}cl.ildv\;lynI Bg?]g at

east one inte circuit iC i.ne n.in in e is
configured to ‘1%8@@{685’ Ry gL BrEst dlhr‘f:tr ageR gorrt%? %ec%dgglma DB an‘rat%en}sap§£n at | east
one decoder t hdither¢dglaie trihpgueintberdt 0 t he i nput i nt erface and is configured to
decode data representing image pl anes that consti tute the corrpressed page

i mges, the at |east one ci rcu I din itheri

conposi ting cH?@ﬂ‘?tteP%}"evﬂ‘H‘ ag g{f‘?fg “@ﬁ‘?‘gld t"bw ﬂ%f’t gﬁgO’Ede)%%% cdré‘f:‘toded

i mage datdafiree @eiontiadout tapmimdge data rde@de ronndeisiot ethe lnplhentdfatdmrdeﬂge amddata
COMpoSi t i fgeG m& &nﬁoifeye&ﬂc%ht&qous &leﬁﬂagég&e%avéd@mﬁmhaﬁum@rfaeé more di t her
matrices to th eco I mage data and to nap at |least dithered data to

t he printhead. 2. A pr| nt engine controller as clainmed in claim1, in which
the at | east oA@riit Bigigcaitrelthr a5 claiidtin cldafli onesin ahiclohé itkagwse inlegrated ¢imge dat a
decoder CRRNEE Ml Mabd ' JUML: doftbGld AR iyl HEAROR AMbke 43! dha ERRLERENT T NG
conpresse§ cont’I nuous I mages recei ved fromthe I nput’ interface.

print engqom@remﬁﬁiemlrr@ge%reqela?dr@aﬂ%mmweﬁﬂ or 2, in which the at Ieast
one integrated circuit defi nes a bi-level inmage data decoder connected to
the |nput int e1£f a(%e tng cglg‘cl er ascal dql:?' ! aolﬁe&rt}% p?%‘édu%g:lalrgsomhﬁﬁ?h%qlﬂghn% evel

i mage dath recePVEEH T SMPne I np Ef erface engi ne controller
as cl ai nedd campasingeiianitof indlydes cpﬁhercr@mmceés wcwﬁy whigh \ﬁmrmptatbhéo HMEREY fhg  and
conmposi t i Bifleve lahts Mook & PairloN@inbtAREriceH stohlin thBhdnhoky. access circuitry which is
connectable to a nenory to retrieve data froma pair of dither nmatrices

stored in the nmenory. _
5. A print engine controller as claimed in any one of the preceding claims, in which the dithering

and compositing circuitry includes dot merging circuitry that is configured to define a number of
merging units that correspond with respective image planes, each merging unit being configured to
receive input data representing each image plane and to generate output data representing a

predetermined combination of the input data.

6. A pagewidth inkjet printer which includes a print engine controller as claimed in any one of the

preceding claims.

7. A method of processing image data for printing by a pagewidth inkjet print head, the method
including the steps of:

receiving data representing compressed page images;

decoding compressed image planes which constitute the compressed page images; and

dithering and compositing the decoded image planes by applying one or more dither matrices to



5. A print engine controller as clained in any one of the preceding clains,
in which the dithering and conpositing circuitry includes dot nerging
circuitry that is configured to define a nunber of nerging units that
correspond with respective image planes, 2gach nerging unit being configured
to receive input data representing each i mage pl ane and to generate output
data repres€&ft3$®g a predeterm ned conbi nation of the input data. 6. A
pagewi dt h inkjet printer which includes a print engine controller as
clainmed in any one of the preceding clains. 7. A nethod of processing

i mage dat a theglecoded ippgemignds pndsmappingaiicat ditheradk dagato fe print headad, t he met hod

i ncluding the steps of receiving data representing conpressed page i mges;
decodi ng conpressed i mage planes which constitute the conpressed page

i mages; and dithering and conpositing the decoded i nage pl anes by applying
one or nore dither matrices to 25 PECI 3-SG the decoded i mage pl anes and
mappi ng at | east dithered data to the print head.



