WO 03/ 018316 PCT/ AUO2/ 01060 PRI NTER | NCLUDI NG PRI NTHEAD CAPPI NG MECHANI SM
TECHNI CAL FIELD 5 This invention concerns a printhead cappi ng nechani sm for
prevent i ngoasapssnat i on of ink froma printhead when it | Omtumznieese. The
invention has utility, for instance, in a color printer which uses a
drop-on-demand i nkjet printhead. BACKGROUND OF THE | NVENTI ON 10 Wen not in
use, a drop-on-demand printhead typically remains filled wwth ink, and so
nmust be capped to prevent evaporation of ink through the nozzles. Ink
evaporation can |ead to gradual deposition of ink conmponents which can

i npair nozzle operation. SUMMARY OF THE | NVENTI ON 15 The invention is a
print head cappi ng mechani smfor preventing evaporation of ink froma
printhead. The nechaniPRINTHER IN(dIRING PREYEBABA BGA RHYNGaMESHANISM g
structure attached to said cap to selectively nove said cap between an
engaged position to press against the printhead, and a di sengaged position
spaced away fromthe printhead. ThEECENIGAdt FIRGDst ructure includes a slip
menber 4 o0 engag i Y | 0 rinter in whi ch. t he pri nt head
s ot o, oat 4 S RnBef b4t AR Toulc Bl Echa P R g Mt
revol ut i onobinktfiven diprinteahehdn it Ul it et Thetialeh0on Bis Bt felrihmencehigel i n a
first direction causes novenent of said cap fromsaid engaged position to
sai d di sengAGeRAiBeVRIChHses atlop-prrdemand wkicpRrintheadhi d drive wheel in a
second direction causes novenent of said cap from said di sengaged position
to said engaged position. 25 In use, the nechanismw || usually be nounted

in a printer adjacent the prPACKERQUNDRE TEBINYENTIANOI ve one or nore
cappi ngy mol di nggyHRLAE ﬁlﬁﬂe}é)dr%g%'rl—rd%n{ah@%gﬁdhka& @gifcgﬁ%lzellﬁ%s fﬁfedtwhﬁx Rki Hghead

can be capped. The cappi ng nol di ng may nsi st a cappl ng plate which

hol ds an ebaswusirherdappesigalprevett evpporgeon dhiek eirasghathre nozzlasehlk,eveporseal cap ar e
shaped and, si,zed to. seal.against the face of the printhead when the
mechani sm |84 %%ré‘g'é%fjegfsfﬂqngﬁl@f COE”P%’”%“‘%”EB QP BPZZIGORGRIIOB0si t i oned t o
catch any drops of ink when the nechanismis engaged. The actuating

structure will typically cooperate with the nmechanismof the printer in
which the printhead is nnuntgﬁﬁthgﬁé r eHE Y ENTION oper ated at

approprj ate ti Mehc irQeiidibs b PEntRRPEDPiTERhbhRG sAEEMEIBerlinS CABAARH AR
di sengaged positions.
from a printhead. The mechanism includes a printhead cap and an actuating structure
attached to said cap to selectively move said cap between an engaged position to press
against the printhead, and a disengaged position spaced away from the printhead. The
actuating structure includes a slip member to engage with a drive wheel in a printer in
20 which the printhead is mounted, said engagement extending through at least part of a
revolution of the drive wheel, such that rotation of said drive wheel in a first direction
causes movement of said cap from said engaged position to said diseng-aged position, and
that rotation of said drive wheel in a second direction causes movement of said cap from
said disengaged position to said engaged position.
25 In use, the mechanism will usually be mounted in a printer adjacent the printhead.
The cap may involve one or more capping moldings provided to ensure that all the nozzles
of the printhead can be capped. The capping molding may consist of a capping plate which
holds an elastomeric seal and sponge. The elastomeric seal, or seals, are shaped and sized to
seal against the face of the printhead when the mechanism is engaged. Similarly, the
30 sponges are sized and positioned to catch any drops of ink when the mechanism is engaged.
The actuating structure will typically coopefate with the mechanism of the printer in which
the printhead is mounted to ensure that it is operated at appropriate times to move the

capping molding between the engaged and disengaged positions.



WO 03/ 018316 PCT/ AU0O2/ 01060 2 \When the printhead is not in use, the
actuating structure is operated to nove the capping nolding to the engaged
posi ti on wioa®i1ssiei s hel d agai nst the face of the print headT/Advenershhe

el astonmeric seal conforns to the face2of the printhead and creates an
airtight seal around the printhead . The sponge is used to catch drops
ejected fromnozzles in the 5 printhead during the printhead cl eaning
cycle. Wien the printhead is in use, the actuating structure is operated to
nove the capping nolding away fromthe printhead assenbly where it is held
out of the pap ath aof .the. printer. The nmechani sm nma nveni ently
operate by b o MG B ERRAT B! bhisgbe M PR B SRR BRI B o
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rotatable rod, but spaced laterally away (or offset) fromthe rod. In this

case rot arhegnthgrelasipanarisgeadisenforis &o tg facewil the prtead gpd ereatss ambairtighe e he
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end of t ne ety fERRRTC PR pOR: i ToRakR oL RRLTRons o AR B 2 o Ve
wheel Bay pmtieaddueng the prihehepdpleinihg aypdort notor of the printer so that

when printing i s occurring the rod is driven in the unc§$Ping di rection.
Once the slip YWBFHEE PAgtheadts ip §5¢ ke AsHREPS SHEFILriIHoRssated o MR e FaPDMETher
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drive whe IS revérsed a riven rn°the capping direction. ce the slip
menber rotpings. to the capping slip point, the slip nmenber and the 20

i | di t t at | d hplds the. . i | in plac
2gai nst the. T acegreeHEs PRI RESebBREIY VPRl Pt PR be used
to asgipst di&ngsrggdiﬁagmbh@ To2RRING N AL @appinPMBERingadA} BSdonh&ed A6%; BE t he

printhead assenbly. Resilience has been found to be ‘conveniently ~included
in the corlfrath pbnrasetable eed, tbhespaegsblaieepiiylaaay (aifsendranpthe rahils tiseatenot be a

25 contin i nd. . ries of flexible nms_ hav n found to
2o vo e 18tiEaf RPBE LA By B0 6 WARLARS rtlvelleBrtePl for A Bp I BYEu R Lo 2080
menber. | pds@ohs. i n sone enbodi nents where plastics materials have been

enpl oyed to fabricate the capping plate and rod, a_ continuous connecting

web has been f olwd!ipanesebegimayiheimeunted aiieeend of thegiod he ereage wihgidsive wheel

15 1in the printer. The drive wheel may be coupled to the paper transport motor of the printer so
that when printing is occurring the rod is driven in the uncapping direction. Once the ship
member rotates to the uncapping slip point, the slip member and the capping molding stop
rotating. When printing is complete, the drive wheel is reversed and driven in the capping
direction. Once the slip member rotates to the capping slip point, the slip member and the

20  capping molding stop rotating, and holds the capping plate in place against the face of the
printhead assembly. o | |

A resilient member may be used to assist in holding the capping plate in place
against the face of the printhead assembly. Resilience has been found to be conveniently
included in the connection between the capping plate and the rod. This need not be a

25  continuous connection, and a series of flexible arms have been found to serve well, both as
an adequate connection and a suitably resilient member. In fact, in some embodiments
where plastics materials have been employed to fabricate the capping plate and rod, a
continuous connecting web has been found to be difficult to make sufficiently flexible.

In another aspect the invention is a printhead assembly including a printhead and

30  the printhead capping mechanism.



I n anot her aspect the invention is a printhead assenbly including a
printhead and 30 the printhead cappi ng nechanism WO 03/018316

PCT/ AUO2/WwD0B018336 | N a further aspect the invention is a porm@e/oioscel udi ng
t he printhead capping mechanism whese a drive wheel of the paper
transport systemof the printer operates the actuating structure of the
mechani sm WO 03/018316 PCT/ AU02/ 01060 4 BRI EF DESCRI PTI ON OF THE DRAW NGS
An exanple of a printer enbodying the invention will now be described with
reference to the acconpanying drawings, in which: Figure 1 is a table which
illustrates th i ned Lnt] t I; e -buffering
in the printer3"%?@&%%agxfgkg"%kg%%Lgﬁﬁngﬁﬁﬁﬁﬁgﬂbgg%%%ﬁgggggg#mggta flow
from appl i éthiapidmt @h@reiandried whealgsf.thdpaper @ardpois sgstgn of tieipaintev opavawes titehe
iPrint printer inits closed configuration. Figure 4 is a pictorial view
of the i PraCHiatipg piptcare PhthetaechpipMeonf i guration. 10 Figure 5 is a cut away
di agram showi ng t he paper path through the printer. Figure 6 is a pictorial
cutaway view of a Menjet printhead cartridge and printhead capping
mechanism Figure 7 is a sectional view of the Menjet printhead cartridge
and printhead capping nechanismof Figure 6. 15 Figure 8 is a pictori al
view of the printer controller. Figure 9 is an exanple of coding-a sinple
bl ack and white image. Figure 10 is a schematic diagram of a pod of ten
printing nozzles nunbered in firing order. Figure 11 is a schematic

di agram of the sanme pod of ten printing nozzles nunbered 20 in |oad order.
Figure 12 is a schematic diagram of a chronmapod.



Figure 13 is a schematic diagram of a podgroup of five chromapods. Figure
14 is a schematic diagram of a phasegroup of two podgroups. Figure 15 is a
schemat i cwoiragussns showi ng the rel ati onshi p bet ween SegnmentPEI/AW%/01060

Fi regroups, Phasegroups, Podgroups and Chromapods. Figure 16 is a phase

di agram of the AEnabl e and BEnable lines during a typical Print Cycle.
Figure 17 is a diagramof the Printer controller architecture. Figure 18 is
a flowchart sunmarising the page expansion and printing data flow. 30
Figure 19 is a block diagramof the EDRL expander unit. Figure 20 is a

bl ock di agram of the EDRL a bl ock di agram of

t he Runl ength Decoder. B@#%@%%%ﬁ%&%ﬁ%é’%ﬁ&%ﬁéﬁgure 22 is a block
di agram of the RANSKURBET EREBEEEmbodiegithe im@niign wilbpe e dessgbedhwisth t he JPEG
decoder. F}egéféﬁ'ce%IHeSacg?r%)é?é'K\glder\W %?]hﬁ)(”hg e Hal ftoner/ Conpositor unit.

Figure 25 1s a series I nes at show the rel ationshi ps between

page widths 5 HBigdrentisgitalde whidhlitlest2€esitise cushimedipridtiagradadiievable with
I\/UIti-t{w étﬁ)ld d ther. Figure 27 is a block diagramof the |ogic of the
Tri pl e-3 hr 84 Huﬁerﬂ”tg‘“lﬁ?egiﬂ“r"éer28 is a block diagramof the internal

Someontuel Cover Fielfe 2isaGRsh i 3hopREhe SnButifal SR Sy DRINBL 1d B |

conceptual overvi ew of double buffering during print nes
Fi gure 30 pagea bl ock di agram of the structure of the LLFU. Figure 31 is a
di agram of the ﬁlonc tual structur of _a Buffer 2 is a diagram of

the | ogical struét'r S&p’%oré‘ﬂf"feé‘fo F&mr@pé‘@teiré‘“ésﬂf’ IEOH?%?% of the

generation of A a&lﬁsa%t&ﬂla«mv@om&%nﬂpﬁni&m i@ssopeﬁlcgﬁﬁgur%d s a diagram
of the Dot Count Iogl c. Figure 35 is a block diagramof The speaker
i nterfHte. Figure 5 is a cutaway diagram showing the paper path through the printer.

Figure 6 is a pictorial cutaway view of a Memjet printhead cartridge and printhead
capping mechanism.
Figure 7 is a sectional view of the Memjet printhead cartridge and printhead
capping mechanism of Figure 6.
15 Figure 8 is a pictorial view of the printer controller.
Figure 9 is an example of coding a simple black and white image.
Figure 10 is a schematic diagram of a pod of ten printing nozzles numbered in firing
order.
Figure 11 is a schematic diagram of the same pod of ten printing nozzles numbered
20 °  in load order. . .
Figure 12 is a schematic diégram of a chromapod.
Figure 13 is a schematic diagram of a podgroup of five chromapods.
Figure 14 is a schematic diagram of a phasegroup of two podgroups.
Figure 15 is a schematic diagram showing the relationship between Segments,
25  Firegroups, Phasegroups, Podgroups and Chromapods.
Figure 16 is a phase diagram of the AEnable and BEnable lines during a typical
Print Cycle.
Figure 17 is a diagram of the Printer controller architecture.
Figure 18 is a flowchart summarising the page expansion and printing data flow.
30 Figure 19 is a block diagram of the EDRL expander unit.
Figure 20 is a block diagram of the EDRL streém decoder.
Figure 21 is a block diagram of the Runlength Decoder.



Figure 36 is a diagramof a two-layer page buffer. Figure 37 is a series of
di agrans showi ng the conpositing of a black object onto a 20 white imge.
Fi gure 38woasmises i es of diagrans showi ng the conpositi ngrafi/avmconisone
object onto a white image. Figure 395is a series of diagranms show ng the
conpositing of a black object onto an 1inage containing a contone object.
25 Figure 40 is a series of diagrans show ng the conpositing of an opaque
contone object onto an inage containing a black object. Figure 41 is a
series of diagranms show ng the conpositing of a transparent contone object

onto an i mage lﬁg&é'ﬁilggbﬁ)cpld?a%kanqml%EtR'unEaln le]@ncég o) S a block di agram of

the W ndows 9x/ printing systemw:t prln driver conponents.
DESCRI PTI ON OF FigaieERREDbAND d@EHBRoENMBIEEGHENEGIer.l | nt roducti on WO 03/ 018316

PCT/ AU02/ 01060 _6 T ion w scribed with reference to a
hi gh- perfornand@gWB ‘beﬁﬁ%gﬁgnﬁﬁPtW g@ﬂHWWEQOHWBPB§ﬁQBh|C qual ity image

reproduction W giBugBGagh %&%bhéeﬂxﬁe@ﬁ{at sH&@f&QQH‘éﬁb&ﬂlpsBQﬁ/e@ﬁ 'rpEﬂ%ee%d‘tﬁs' lizes
an 8" page-w dt h drop-on-denand ~m croel ectronechani cal inkje "Menj et™

print hédad swdiretrgmsoduces 1600 dots per inch 5 (dpi) bi-level CMYK (Cyan,

wnute. and i o TRLSARaNe Btk o M el or. The primter has

been desi gnat eFiga@ J7R% h BlocR@shginh bf e 168 6f thedripR-thYeshM@tunftane in the
foll ow ng descrlptlon 1.1 Operational erview 10 i Print reproduces bl ack

text and graphildgugiZ8dee b&mhgmganbpf the yiernpl gekturgabithe Ponthepdiitastacone
(cont one) ! nmag 1g§I@C§9§]£ ?Hﬁ'&&@? ngﬁyefﬁtﬁ?f@\%r\t}%wgggggblgyf{%ﬁn& Hurin r%%%' cal

pur poses, | Prin sSuppor reso Ion O a contone
r esol utO onliek N 2GI/Npl .xel s per |nch (ppi). iPrint is, in use, attached to a
vorkstation or Rer SONA a Bk dagrant i the Hroctare of the VELY
Figure 31 is a diagram of the conceptual structure of a Buffer.
Figure 32 1s a diagram of the logicai siructure of a Buffer.
Figure 33 is a block diagram of the generation of AEnable and BEnable Pulse
I5  Widths.
Figure 34 is a diagram of the Dot Count logic.
Figure 35 1s a block diagram of the speaker interface.
Figure 36 is a diagram of a two-layer page buffer.
Figure 37 is a series of diagrams showing the compositing of a black object onto a
20  white image. . .
A | * Figure 38 is a series of diagrams showing the compositing of a contone object onto
a white image.
Figure 39 is a series of diagrams showing the compositing of a black object onto an
image containing a contone object.
25 Figure 40 is a series of diagrams showing the compositing of an opaque contone
object onto an image containing a black object.
Figure 41 is a series of diagrams showing the compositing of a transparent contone
object onto an image containing a black object.
Figure 42 is a block diagram of the Windows 9x/NT printing system with printer
30  driver components.
DESCRIPTION OF PREFERRED AND OTHER EMBODIMENTS

1 Introduction



15 | owspeed (1.5MBytes/s) universal serial bus (USB) connection [14].
iPrint relies on the PC to render each page to the | evel of contone pixels
and bl ackwdais®issine PC conpresses each rendered page to lpessatcamneMB f or
sub-two-second delivery to the printes. iPrint deconpresses and prints the
page line by line at the speed of the Menjet printhead. iPrint contains
sufficient buffer nenory for two conpressed pages (6MB), allowing it to
print 20 one page while receiving the next, but does not contain sufficient
buffer nmenory for even a single unconpressed page (119MB). 1.2 Page Wdth

The standard - ' an be
trivially 25 §§§¥%8§§hﬁ%g§ﬁ§#§P%?&%ﬁF%%%&FQBnﬂl@pB%ggﬁgk“Hgﬁg'an %hch
Arbitrary vﬂagmcwmﬁhé@plmmgrbm:c qadiiteiregbewe prbdweasivh embnazgdzmel qugbtyttsxt i n

mar kets which justify such s eC|aI|sat|on The |n|t|al Menj et buil di ng
bl ock is deRicdettipnyddeBrntepuiilizesn pPPﬁ%Wéﬁ@ IR ¥hdsmads ef ficient use of

a Six-1nchygt e'lé‘cgﬂm\é@ﬁaa‘ﬂ{cal fﬁﬁféttlﬂﬁérﬂfet*y‘fyﬁhﬁiga& Qﬁ{ct ﬁ’g‘; cOSFMIRBsFRr ficANt - 1 nCh

Menj et print e up of two foour-i1nch prin ads jolned together. The
use of 5a Wdp®mbi- mvelrﬁ:lvfiﬂ( (Exd, Magahi Yallow, blacKbl hq»dntsrBOAdel{cetdrém qzre[gaetsr only
affects a feM/aspects of, . the iPrint desi ecific y the ex

P ehan calPaaEurs ARRE it Mienidel bt 8 @001 deri SRS Bt Al ordnian B 8316
PCT/ AU02/ QitQ%Rated aglpﬁﬁmﬁ wBRSER fdteldb b thafn R rBthe ﬂmd%ngaeicﬁ?mﬁces 1600

dpi bi-level 'CWK. On | owdiffusion paper, each ejected drop forns an

al most perfectly circular 22.5 mcron diameter dot. Dots are easily

pr oduced |n i sohat i | owm ng di spersed-dot dithering to be exploited to
its fuIIes (éPﬂ@JOPﬂﬁngﬁfﬁg printhead is page-wi dth and operates with a

const aot paper iPahoepioducds beack it fand glaphicpiRERE WBIng tMlévatl Bidck, mn@erfect
regi stration, allow ng ideal dot-on-dot rlnthg Si nce there
consequentqog?tlﬁ‘épuéﬁ%‘%q PRPRG)AMAEES| 45 Zphigs aising sithered bilfagl CME. §z9rre di t her

matrix is dﬁﬁ%af ﬁ[rp:%@g hpGals %gﬂs%acﬁe%%oA %W tdﬁ?%%d%%ﬂﬁl%hg're{é‘olﬂgéﬂ yf e of

i mges, graphics t'ext. ti nuous-tone on I mage
gr aphi cs akﬁlnapspﬂumadppslng a stochastic dlspersed dot dlther Unlike a

cl ust er ed- dot anplitude ul ate dither, a erse
frequency- nodd?&f‘b‘a)md‘ﬁ? ﬁ&?‘%ﬂb‘? B HPERLAtON G PEISSH éP PPtéEqajeCrd?cﬁ‘f’e%reé?“Vé‘Y

i mage det ably)spRbdDSIMBOel/BudiVéRd Serial bus (USB) connection [14]. iPrint relies on the PC

to render each page to the level of contone pixels and black dots. The PC compresses each
rendered page to less than 3MB for sub-two-second delivery to the printer. iPrint
decompresses and prints the page line by line at the speed of the Memjet printhead. iPrint
contains sufficient buffer memory for two compress'ed pages (6MB), allowing it to print

20  one page while receiving the next, but does not contain sufficient buffer memory for even a

single uncompressed page (119MB).

1.2 Page Width
The standard Memjet nozzle layout has a half-inch unit cell, and so can be trivially

25  adapted to page widths which are multiples of half an inch. Arbitrary page widths can be

achieved with custom nozzle layouts, in markets which justify such specialisation. The

initial Memjet building block is a widely useful four-inch printhead which makes efficient

use of a six-inch silicon wafer. The iPrint design therefore assumes an eight-inch Memjet

printhead, made up of two four-inch printheads joined together. The use of a wider print-
30  head to achieve full bleed on A4/Letter pages only affects a few aspects of the iPrint design

- specifically the exact mechanical design, and the logic of the printhead interface.



of the dot resolution, while sinmultaneously reproducing | ower spati al
frequencies to their full color depth. A stochastic dither matrix is

car ef ul | ywoasiogsseel to be free of objectionable 15 | ow fr egqaamag2paich er ns
when tiled across the image. As such 7ts size typically exceeds the

m ni mum si ze required to support a nunber of intensity levels (i.e. 16x16x8
bits for 257 intensity levels). iPrint uses a dither volune of size
64x64x3x8 bits. The volunme provides an extra degree of freedom during the
design of the dither by allowing a dot to change states nmultiple tines

t hrough t i nt .fynra .(rather than just once as in a conventional 20
di t her ma'??i X) .%ﬂﬁtﬁl}%sgﬁg&g&{ngsensi tivity peaks at a spatial frequency of

about 3 cycl es peveriRgpe@heddi pryduseal 600 &Ji 8i-avel CREFK.fed low-@iffusion paper,
| ogarithm cally, decreasing by a factor of 100 and becom ng difficult to
9

nmeasur e beSAshacalsd dropforag an dgosepertesdy eiscylar]22. amicgohdiamgler ¢pteliorsgire
di st J d 1 hi : 1 - 250
Cycl os. percesiE pRYESBNORERL I shell AL AR tE GBI fliafiedtRl

accor disng $iacd\ihg Mehjespriftaeadaspagehaidingnd spetntaowiduntonshmt pagt vélbaty, del or
sensitivit%Pis | ess acute than grayscale sensitivity, contone resolution
beyond aboQHT oo PRSI praied Wakriepgesisrationpalioyyigg edeak dqtionrqos aripting. i ty, and
in fact coghed imBkSS cSsbQinlY nbQpf) RlierfEilonN fed K text
and graphics are regréhgggdygir%ct gﬁﬁééﬁbtﬁ?@%g$gprk aggtﬁggé?cgﬁgcare 30
t her ef or e matrixantsecal foogast color plant.ow- pass filtered) before being printed.

Text is therefore suypersampl ed.beyond the perceptual |jmts, discussed
above, to produ%é’agerrg’g?% "é%gcé)gt%%_ 1%%5}/'6@%@1%'%?)@?% ﬁlﬁ??béﬁwwgs'w“c
spatiaid y (cbhesé)ahRges ahepraph@sakdicbRIduttd Jsmga@gwhaa{&o@z,med%ﬂahmes to
contribute to perceived text sharpness (assum ng | owdiffusion paper, of

course) . 3Unligohdusteicdtdot ©r mplifudaimaeduisasd) Sitherah d3pesed-dot (aefrequghelar d

| ow speed i i L4). a r i gh- speed
oot Shecs ASURLSI Al rABSBLNaP R BeRalil s T SLATERFGHIb S FREFY
optional iof thheéotREsdRicmpenilé siealliatgbus§lrepradetisoloWry spitil hequchicivd dasdr ead
use when iPrint is first |launched. iPrint therefore connects to a personal

conput er (BE)col depir Rstastiesis dither agx infrretuly dsperd tebe fise olgBedaet i on
therefoye 1'owpﬁé<§§né t@RRIwHER Bl SRk ﬁéﬁtng%gggge &gp% s0B G eclichefur e of

the i Print systéem At a sustained printin
minimum size required to support a number of intensity levels (i.e. 16x16x8 bits for 257

intensity levels). iPrint uses a dither volume of size 64x64x3x8§ bits. The volume provides

an extra degree of freedom during the design of the dither by aliowing a dot to change

states multiple times through the intensity range (rather than just once as in a conventional
20 dither matrix). | ‘

_. . Human contrast sensitivity péaks at a spatial frequency of about 3 cycles per degree
of visual field and then falls off logarithmically, decreasing by a factor of 100 and
becoming difficult to measure beyond about 40 cycles per degree [2]. At a normal viewing
distance of between 400mm and 250mm, this translates roughly to 150-250 cycles per inch

25 (cpi) on the printed page, or 300-500 samples per inch according to Nyquist’s theorem.
Taking into account the fact that color sensitivity is less acute than grayscale sensitivity,
contone resolution beyond about 400 pixels per inch (ppi) is therefore of limited utility, and
in fact contributes slightly to color error through the dither.

Black text and graphics are reproduced directly using bi-level black dots, and are
30  therefore not antialiased (i.e. low-pass filtered) before being printed. Text is therefore

supersampled beyond the perceptual limits discussed above, to produce smooth edges when



30 pages/ mnute, USB at 1.5MByte/s inposes an average |imt of 3MB/ page.
Since the act of interrupting a Men et-based printer during the printing
of a pagewprdusses a visible discontinuity, it is advant @gaous2docot he
printer to receive the entire page be8ore comencing printing, to
elimnate the possibility of buffer underrun. Since the printer can 15
contain only limted buffer nenory, i.e. two pages' worth or 6MB, then the
3MB/ page |imt nust be considered absolute. Figure 1 illustrates the
sustained printing rate achievable with double-buffering in the printer.

The first LT | .rendered in the PC,  and
this takes§l§£{lj]%ﬁ¥g).n t%%o%g'ef%ﬁ}s& leﬁ ;ﬁhé&%‘%gt g%bcogﬁécs@gggs%ct Eaangextf) page is
render ed aperctived faxt starprge(assinifly Iovabdisfusiongdpérpottdbarspy.i nter, again this
takes up to two seconds. In the third stage 3 the first page is printed,

t he second page is transferred and a third page is rendered, this takes two
seconds. Agja r%“%grajnttstakes up to six seconds for the first page to be
printed and thereafter a page can be printed every two seconds. O her
deskt opS connect iUSB Aptivase Sprid\Budpisshersthadard bovdypedd perfighetdSBonrentdorson hewpose

25 simlar constraints on the architecture. These jnclude the parallel port
at 2MB/s, gﬁa’fi‘]l @gg@nqﬁrﬁi}g@fsaqu REPAFS ‘ffﬁmi%’é’/“sﬁzégq%g’é IREARIBENdSE bihd
Conpr essi oQnfoatiRatt §RARIIpAGNA] H the %! 69 {ediricAidn G hnl%o %ﬁg'n%h F\fﬁ%ﬁ@sptr&ﬁ PC

and printer in various 30 vvags. ~Sone printers Support page
descri pti oHsd wheyudgiat [SHDe)lawngbed. alkriRdkareford gmpecint a posenal congotar €BGpodi ngl y

sophi stica nder.e O her pri,nter ovi de.speci al support onl for
reﬁderi ng EVZ))%SFZS 0 Vé%Qng%nJr}lg% etegfiﬁ}%é% ﬁ?’?'&?ﬁt.lo'#ﬁF@?%g UH\Q(F Sfthﬁérl“?f es
suppor 10 f osighifickfit-dofsty¥htQ3/ 0d 83 Ae AT bAURIPAAQGQemOADE sikorid ipL @atk BNt S.

In each case the use of an enbedded renderer reduces the rendering burden
on the PC aR@agesduaus. UAB adodMByte/s imnesss ap armsegerlinaid of 3B page e the adte

printer. -t hi r - o > i . onpl ex
Phan they o otk NerRrERcproplbif i BRIV L BTN REr  ho
gr aphi cs systemnaitytihe dCntideooufph tprierSo agepive ciad dntife prge@em® construct,
render and gri nt .pages.. Theé/.o.ften fail to exgl oit the high performance of
current PCE,mH‘ﬁHC‘gg TR FRElBnptE s BeysibPity PEBYET UadsBie RiNca egrBigrsan n PC

per f or PRNCEontain only limited buffer memory, i.e. two pages’ worth or 6MB, then the 3MB/page
limit must be considered absolute.

Figure 1 illustrates the sustained printing rate achievable with double-buffering in
the printer. The first stage | requires the first page to be rendered in the PC, and this takes
up to two seconds. During the second stage 2 the next page 1s rendered and the first page is

20 - transferred to the printer, again this takes up to two seconds. In the third stage 3 the first
page is printed, the second page is transferred and:a third page is rendered, this takes two
seconds. As a result it takes up to six seconds for the first page to be printed and thereafter a
page can be printed every two seconds.

Other desktop connection options provide similar bandwidth to USB, and so impose

25  similar constraints on the architecture. These include the parallel port at 2MB/s, and

10Base-T Ethemet at around 1MB/s

3.2 Page Rendering and Compression
Page rendering (or rasterization) can be split between the PC and printer in various
30 ways. Some printers support a full page description language (PDL) such as Postscript, and
contatin correspondingly sophisticated renderers. Other printers .provide special suppbrt only

for rendering text, to achieve high text resolution. This usually includes support for built-in



iPrint relies on the PC 4 to render pages, i.e. contone inmages and graphics
to the pixel level, and black text and graphics to the dot level. iPrint 5
cont ai ns wolog/oas3sé npl e 10 rendering engi ne which ditherspciaameniene dat a
and conbines the results with any foreground bi-Ilevel black text and
graphics. This strategy keeps the printer sinple, and independent of any
page description | anguage or graphics system It fully exploits the high
performance of current PCs. The downside of this strategy is the
potentially |arge amount of data which nust be transmtted fromthe PC to

the printeg. 4o aﬁlgqﬁmtlh Xaéfﬁc%séﬁ_’ieﬁgmﬁse?ﬁ&ﬁdécpgteégggfr%glg&g The@hdtend | he

3MB/ page required to allow a sustained printing ra pages e.
Fi gure 2 ilburderf brothe P4l 4nd detlucss rhatamognt dfedaccomaspiittkal frafatize PC evhe pemean

application 6 to ,a printed pa 7. An 8" by 11.7" A4 page has a bi-|evel
CII[\)/II?KKI paglasﬁ?‘g%qf’ g .°§i9§3§?f %ER%?%E%SG@““W Hﬁ%orﬁﬁﬂnﬁeﬁg{%ﬂgh@ koD a8 si ze

f 32.1MB ' i ' j i I jon 9
0 &k ofieR uRMle to ﬂ}aw'ﬂ@ ﬁllp:%l:pP&l’? Forﬁﬁé %r%%nlgss s%ﬁ%rr]rgc?@gg Fgctlhg@fs@@,\@?&

to conpress the contone data. hough J or
conpr essi o¥ppligatiapsprogramd construct, emdlert 4ng frims pages. Timyalftey faihegxpitthehigh6] . To

obtain an integral conto 0_bj-level tio, and. to provide sone, .
conpr essi o%erfoé_g\?}éi?,&\%”gﬂg)gea d?f%HP%r\%{oﬁg‘éeéf’gfth%mel exponepiiyl graihdn Ple) ds
a contone ghfdeififeepagesi ze of 25.5MB, a corresponding conpression ratio of
8.5:1to fit within the 3MB/page limt, and a contone to bi-level ratio of
1: 6 in each di nER8t tshes ap thg!AC $Eyendstr PaRese ke-coRtong Enases endgraphce)the

rasteri zed; ri f i 1600, I i &) i-level i e of

28. 6MB. Si ‘2%1 ‘?éés‘{g‘e‘?ibz‘%cﬁég’{‘é&? g%?‘"%ggoo‘hggw 16?’%8?5‘%;5 %@3‘&‘5 BN G, Che pc
for a Hiral tendaing engimecttocisdittens thasdreonezdatd end contibiesfthid teguldcw@phmbl e 800

dpi. This 30 yields.a bi-level ipage of 7.1MB, requiring a |ossless

conpr essi off" gé?‘?r\SﬂBT]e‘fegEEaC]E iexhansl graphics, Jhisistratgey keops theePrangyspaRle: a%dni t . we
achi eve t hj,geyu 54l j f j oup
3 Facer m | mocmh Ot A e O e R P S LR RO MO0 ™ o
As | ong asparfremianegd carrdnttREGst Theddvomsdeodt this pagtegiaisehapotemiadly lappamgyntany

ggg}:()i nat i O&% tpi%htwo [f)i Ls vaﬁ‘t%]j[trr] t qgegé/lt_% tIhi m t e .I tgxt | i es .on top of a
gr ound”’i TR EMEN MHERDG FSTHBP<t TYRd YINE PRPIESY EGOPRGRAY &5 ppr oachi ng
6MB ( depenginiigeRibnttb@edifet Ufd data to the 3MB/page required to allow a sustained printing rate
of 30 pages/minute.
Figure 2 is a flowchart illustrating the conceptual data flow from an application 6 to
a printed page 7. -
An 8" -by L1.7” A4 page has a bi-level CMYK pagesize of [14.3MBytes at 1600
20  dpi, and a contone CMYK pagesize of 32.1MB at 300 ppi.
| In the printer driver 8, we use JPEG compression 9 to compress-the contone data.
Although JPEG is inherently lossy, for compression ratios of 10:1 or less the loss is usually
negligible [16]. To obtain an integral contone to bi-level ratio, and to provide some
compression leeway, we choose a contone resolution of 267 ppi. This yields a contone
25 CMYK pagesize of 25.5MB, a corresponding compression ratio of 8.5:1 to fit within the
3MB/page limit, and a contone to bi-level ratio of 1:6 in each dimension.
A full page of black text (and/or graphics) rasterized at printer resolution (1600 dpi)
yields a bi-level image of 28.6MB. Since rasterizing text at 1600 dpi places a heavy burden
on the PC for a small gain, we choose to rasterize text at a fully acceptable 800 dpi. This
30  yields a bi-level image of 7.1MB, requiring a lossless compression ratio of less than 2.5:1
to fit within the 3MB/page limit. We achieve this with a two-dimensional compression

scheme adapted from Group 4 Facsimile, all indicated generally at 10.



text conpression ratio). This fits within the printer's page buffer nenory,
but prevents 5 doubl e-buffering of pages in the printer, thereby reducing

the printwo ms/opsge rate by two- thirds, i.e. to 10 pages/ mcmusw@2/0868 Page
Expansi on and Printing As described atove, the PC renders contone images
and graphics to the pixel level, 10 and black text and graphics to the dot

| evel . These are conpressed 11 by different nmeans and transmtted together
to the printer. The printer contains two 3MB page buffers - one 12 for the
page being received fromthe PC, and one 13 for the page being printed.

The printer expaqqsnd AGneaiReaa R reggcggfggp%% 4r8 nBF LU PPl B TH S

expansi on consists o0 conpr essi ng cont one i mage data
14, hal ft ondmbingtien oigbelkwo fig witnt draNIBiehis If ©x{UGESOndpp obi backy@lunCitiige, dot s

15, deconpressi ng the 800 dpi bi-level black text data 16, and conpositing
the res lrJrIp fheﬁdg‘%g'f’fsé@aéfa %1 %‘E"‘i&prf’%ﬁ‘? PEGEIZC BRIPAGNHS %gr(g%‘ﬁ&ﬂ‘&ﬂ Y Ui aq) el

CMYK | mageteGl@_&&nﬁx%ssiJmﬁtisp%gﬁitwv!ithﬁ%égﬁh%\gsEﬁ%‘%&ff&?nféH{Hr'y V%gl; 'gx%Oer{tQ the

printed page is Illustrated in Figure nter Hard Because of
t he sinpli épuble-buffering efampegesin dhenprivien, thergbyiredusangdhe piteris pags ratetby twoonpact .
It neasureﬁﬂk#s}e%g?gn%@i %lé 85mm deep x 77nmm hi gh when cl osed. Figure 3
is a pictorral” view o EREMBFi nt 21 when cl osed. The cover 22 opens to
formpart of the paper tray, as shown in Figure 4. A second 25 part 23 is
hi nged within cover 22 and opens to extend the paper tray. A paper exit
tray 24 is3-3s|i HagpEypmsianabPentingm the front of the printer. The front

panel 25, reveal r i C i the.u i ntenface -
Phe poner but £ of S35 SONRT e Rt #nBREBGHonBNLA N7 iy dOGIne M IGRT S
and t hé0 outndblaclpepeind&aptic to the davevad0 ThEddsare 3@mpredseBPapery difddrbntinannt uses
a standard %? er Lna %E%é%ﬁnechanisn1 The paper path 50 is illustrated in

WD 03/ 0183% o theyprinter.
The printer contains two 3MB page buffers - one 12 for the page being received

from the PC, and one 13 for the page being printed. The printer expands the compressed
page as it is being printed. This expansion consists of decompressing the 267 ppi contone
15  CMYK image data 14, halftoning the resulting contone pixels to 1600 dpi bi-level CMYK
dots 15, decompressing the 800 dpi bi-level black text data 16, and compositing the
resulting bi-level black text dots over the corresponding bi-level CMYK image dots 17.

The conceptual data flow from the application to the printed page is illustrated in

Figure 2.

20 4 * Printer Hardware
| Because of the simplicity of the page width Memjet printhead, iPrint is very
compact. It measures just 270mm wide x 85mm deep x 77mm high when closed. Figure 3
1s a pictorial view of the iPrint 21 when closed.

The cover 22 opens to form part of the paper tray, as shown in Figure 4. A second

25  part 23 is hinged within cover 22 and opens to extend the paper tray. A paper exit tray 24 is
slideably extendable from the front of the printer.

The front panel 25, revealed when cover 22 is opened, contains the user interface -
the power button 26 and power indicator LED 27, the paper feed button 28, and the out-of-
paper 29 and ink low 30 LEDs.

30
4.1 Paper Path

1Print uses a standard paper transport mechanism. The paper path 50 is illustrated in



Figure 5, in which a single stepper notor 51 drives both the sheet feed
roller 52 and the paper transport. Wien running in the forward direction

t he steppwo wwoissne dri ves the paper drive roller 53 and treTpiuwehiosheel s 54
at the start and end of the active paper path, respectively. Wen
reversed, the stepper notor drives the sheet feed roller 52 which grabs 5
the topnost sheet fromthe sheet feeder and transports it the short

di stance to the paper drive roller 53 where it is detected by the
mechani cal nedi a sensor 55. The paper centering sliders 56 ensure that the
paper is cgntered. This ensu in e i e [

ot oot st o tupart vihith 3 RR Eet BBer i PlREdn T YER LR RS IR e

are pri nt ephpet trinspadt aWeesl ruiirgi if she fbBw £kd HirdctMarthetteppier Aidieadti vES the paper
repl aceabl e Menjet_ printhead cartridge 60 is also shown in Figure 5. This
r epr esent sd¥fgroder Prndithepingly ¥heels a4 ails steg apd sné9f hpacthie niperaRedh.i n

conj uncti o e I I [ : W Prebnt
por manent et Rk ne Tt KBS e el rofbrHGUR sEeEReliolcrbg Mriclgate o
repl aceabl e popnndshetadt fron thakheetfietddr dgeé ganspefts Ltltizddhertatisvinice edltherpapérhead and

ink cartridge di sposabl e conbi ned printhead and i nk cartridge 20 Under
the print h&gﬁf r@H?rté%l Hede sos ﬁ%‘e%{efgw H‘Fﬁ’ée& a'Hézgé‘?‘Pdll’%/seBiorégd a printhead
capping mechang £er cénké%fﬁ%ts\[}%ér@@6 kRsupt BhOthe %%a%egrli'st c&‘f@é’d."ﬂh?s%nhﬁ‘reg ihggzi e 6

and in section in Figure en not in use, Mem et printhea
remai ns fi$ihgd cenitedad imreklja sgngbrslotepts she shectcashash ¢rsurep thew elreetsevidgrthart then  of

i nk through.the nozzles. | vappration can |ead to gradual deposition of
i nk conpon@ﬁyguﬁﬁ¥%ﬂn@ﬁ%“Wﬂg?ﬁpugg??ﬁEBOperation. 25 i Print includes a

mechanjegcal page wi dth cappi ng mechani sm 62 whi ch consists of a pivoting
capping nolding 64 with an el astoneric seal 65 and sponge 66. Wen the
print head #4-lnoMemjeqBrinthepd cappi ng nmol ding 64 is held by a spring agai nst

the face of the ' ﬂﬁpﬁ - e I
conforms to theT?g%Bﬂ%gﬁk e %ﬁ%ﬁ?héﬁ%&c%ss ﬁ%Pgsg%ﬁ§%$g§®é§9§§§éP$?ight
seal ar oungptdientpondbfitaatbud Jossitie wapongpb§ thsprirskehdtin c3fusaion ity Pk

ej ected during the printhead cl eaning cycle. Wen the printhead is, in use,
the cappi fGUHBE 8 HBOGUCtsEChay i§r8lay from the printhead assenbly 61 and out

of t heldoapg r p@f%ﬂ'@nt printhead, replaceable ink cartridge (as shown here)
e scparate replaceable printhead and ink cartridges
e refillable combined printhead and ink cartridge

e disposable combined printhead and ink cartridge

-20 Under the printhead cartridge 60 is a printhead assembly 61 and a printhead capping
mechanism 62, illustrated in pictorial cut away view in Figure 6 énd in section in Figure 7.
When not in use, the Memjet printhead 63 remains filled with ink, and so must be capped to
prevent evaporation of ink through the nozzles. Ink evaporation can lead to gradual
deposition of ink components which can impair nozzle operation.

25 iPrint includes a mechanical page width capping mechanism 62 which consists of a
ptvoting capping molding 64 with an elastomeric seal 65 and sponge 66. When the
printhead is not in use, the capping molding 64 is held by a spring against the face of the
printhead assembly 61, and the elastomeric seal 65 conforms to the face of the printhead
assembly and creates an airtight seal around the printhead 63. The sponge 66 is used to

30  catch drops ejected during the printhead cleaning cycle. When the printhead s in use, the
capping molding 64 is held away from the printhead assembly 61 and out of the paper path.

The capping molding 64 is offset by a set of flexible arms 68 from a rod 69. The



The capping nolding 64 is offset by a set of flexible arnms 68 froma rod
69. The WO 03/018316 PCT/ AU02/ 01060 12 capping nolding 64 and arns 68

pi vot wi twotdmissee 69 about its axis. A slip nenber 70 ispomunizeteat the
end of rod 69.This slip nenber 70 is &affixed to the rod 69 such that if the
slip menber 70 is caused to pivot about axis of rod 69, then rod 69 al so
pivots with slip nenber 70. The slip nmenber 70 nmakes contact with a drive
wheel 71. Wien printing is 5 occurring, the drive wheel 71 is coupled to

t he paper transport notor and is driven in the wuncapping direction 72.

Frictional { rfac f driye eel 71 .and sli nber
70 causes %Eﬁ@mﬁ %ldﬁlm&ﬁféqgﬁgg}vgdwgg eomfio6 z'fP \é\ﬁé St t“rf&ﬂ‘%%&f&gﬁ%m
axi s of rodufi@daothelked ebyodosi Tigs Emeabe 10ds afilxdi ngthe fo@BayuchrtRanit ihe

printhead. Once the slip nenber rotates to the unca qpi ng slip point 73,
the slip nERBEMEAG’G iscaussd i Piyombors axgs afrod 8 pthemast (ralsrivea sathishie si i p
menber 70 | } : 0 i ipiing is
conplete, t e}erﬂgrr%?h&%}el% ﬁsb%ir’l@/gl%geesdg Ogng{ %?P\é@ﬁl@% r\ﬁ% ﬂg\{\ggﬁ"ﬁp SHQM lgécti on
74. Onte blvarsig, thendriviearheebl bisesujpled tdke pﬁmapitrggsp@hirpotpﬂm?ﬁtis Eﬁyefrtilﬂahélql p
menber and t he cappin ding stop rotatin y virtue of the fact that
slip commH‘&cé‘Bp‘B&dg‘kﬁ%‘?P"tﬁgkng?(ﬁ‘aMF 8‘?6’“'&%& Stlﬁ%cequi%e\m‘?é@lﬂﬁi‘,d sHAd t he
cappi Ng SPhichBefAd it e SAPRERSePIPLR rb@é@lt@gﬁat@%’él.{?ﬁrre lBE‘%{)ul‘lﬁqai gﬁ'gof)f the
printhead assenbly. During pivotal novenent of the slip nmemper 7/ et ween
t he cappi nipddifdourrelppivige dieicpppog modding %rwa}"l ﬁrom]Et?t pnnthcachmo??ﬂe stipnt act I
bet ween the sli nmber 70 and drive e 1 sufficient to effect pivota
novenent o*nemglpr&t?r% tﬁz%lér}cagﬁng éb%mmvﬂeﬁ]eo%@ir?ﬂﬂlﬁﬁﬁ i°4PRjfe E}‘Pg‘ig‘f‘ 69 to
t her ebyo ef &g tothing: BlRaGeitREHi P RMABETT0 sGps ddienst GRRAHAG JTRIHIE Mhe8471. Wi

flexible arnms 68 hel p the capping plate 67 conformto the face of 20 the
print head BYXEYEF goppleteq the doyve theel icarversed pred divea ipthexagping direetsinl Bk 80 i s

illustrateg.j [ ' . of . . 8 i |y a.few
component son B eniee AR SR SepiskiB Ry AP B bbbl MeBr b el
83, a speahketdi@dstbprotmdig Byvirige divbe BwethaoslipedonfinerconBirive@nge shp @Bt po 85,
an external dgt\h/?ﬁgvgower connection 86, an external USB connection 87, a

connect i on®? shes! 71y angl b s3RPing RS holds thsrcagping aiwte inHlage|againkiche 89

whi ch cpnngel §f @ phifhe ggs%-nﬁgf.nﬁgﬁng’éiwotal-ﬁx%er%ent%fmcgli{)(?nen%grb@%ﬁtvﬁeeﬁnd 8,
and a link 90 the printhead 63.

the capping and uncapping slip points, there is static frictional contact between the slip

member 70 and drive wheel 71 sufficient to effect pivotal movement of the slip member 70
about the longitudinal axis of shaft 69 to thereby effect the described mevement of the
capping molding 64. The flexible arms 68 help the capping plate 67 conform to the face of

20  the printhead assembly 61.

4.2 Printer Controller
The printer controller 80 is illustrated in Figure 8, and consists of a small PCB 81

with only a few components - a 64Mbit RDRAM 82, the iPrint Central Processor (ICP)
25  chip 83, a speaker 84 for notifying the user of error conditions, a QA chip 85, an external

3V DC power connection 86, an external USB connection 87, a connection to the paper

transport stepper motor 88, and the flex PCB 89 which connects to the media sensor 55,

LEDs 7,9 and 10, buttons 6 and 8, and a link 90 the printhead 63.

30 43  Ink Cartridge and Ink Path
There are two versions of the ink cartridge - one large, one siiiall. Both fit in the

same ink cartridge slot at the back of the iPrint unit.



30 4.3 Ink Cartridge and Ink Path There are two versions of the ink
cartridge - one large, one snmall. Both fit in the sane ink cartridge slot
at the bawb wfoigshe i Print unit. WO 03/018316 PCT/ AUO2/ 0106QT/AB2H1080i nt er
Control Protocol This section describws the printer control protocol used
between a host and iPrint. It includes control and status handling as well
as the actual page description. 5 5.1 Control and Status The USB device
class definition for printers [15] provides for enulation of both
unidirectional and bidirectional |IEEE 1284 parallel ports [3]. At its nost
basic | evek, thps. (4l t t to determne printer capabilities (via
GET_DEVICE%ID),ngygﬁgggﬁﬂgﬁgpnggtatus (via GET_PORT_STATUS), and reset the
printer (via SOFfisR&S$EN)desctbeCanrtpromdreshtrdprotbe4s@t bartvedn shat wsd fPrigt.ds are
described in Table 1 b§£OML FABLE 1 Cﬁntronics/IEEE 1284 printer status
field descHIHdFsrontiglp ?m#ﬁﬁmgﬁpﬁﬁéwel§S§EV€BFEH%§ﬁﬁﬁéuﬁpﬂable for data
transfer. Paper A paper enpty condition exists in the printer. Enpty

Fault A fault condition exists in the printer (includes Paper Enpty and not
Sel ect)? Péidson&ontrohpad Statys i nti ng subsystens typically provide sone |evel

f 1EEE 1284 1 {. tibili ith | EEE 1284 i rint
'? her ef ore si npl ?P%g@%ﬁ?@wag&g? g’iﬁ?étlﬁ?"l ﬁpw{ltﬁ? [ég Pr8¥‘6iﬁﬁﬁ1lrgﬁﬁbareﬁrohtgéggtﬂr i ver.

The USB deunidRedtlonsiSand®idirdction IEBE 1084 pirllS psREKS. Aits Jngyt%éﬁe?e\ﬁehyﬁs same
conpatibility. iPrint supports no control protocol beyond the USB device

cl ass defi Aldwthe heyt to detprmiae grinrpeapabilities (vid GEThPENSCEL B)edbtaio printk

pr ot ocol kﬁﬁd1c&§? qﬂﬂ§t'o ) ch a 20 = Qf =d coul d al so be
reported ;A%E{%ﬂg‘ﬂéser TFra hg';ﬁ\ ar?’ i‘mud;rtese\?;thae thnzeréyfan%ww-i nk LED).

i Print 10 ec€emesiAGEENRS4 piipter smtisdRldsave ddsaisddan Table. Ievelsip!  encapsul at ed
in any

TABLE 1 Centronics/IEEE 1284 printer status
field description
Select | The printer is selected and available for data transfer.
Paper A paper empty condition exists in the printer.
Empty
Fault A fault condition exists in the printer (includes Paper Empty and not
Select).

Personal computér printing subsystems typically provide some level of IEEE 1284
15 support. Compatibility with IEEE 1284 in a printer therefore simplifies the development of
the corresponding printer driver. The USB device class definition for printers seeks to
leverage this same compatibility.
iPrint supports no control protocol beyond the USB device class definition for
printers. Note that, if a higher-level control protocol were defined, then conditions such as
20 out-of-ink could also be reported to the user (rather than just via the printer’s out-of-ink
LED).
iPrint receives page descriptions as raw transfers, i.e. not encapsulated in any

higher-level control protocol.

25 5.2 Page Description



hi gher-1evel control protocol. 25 5.2 Page Description WO 03/018316

PCT/ AU02/ 01060 14 iPrint reproduces black at full dot resolution (1600
dpi ), butwoapnestbaees contone color at a sonmewhat |ower resa/AlzOMGISI Ng
hal ftoni ng. The page description is thaerefore divided into a black |ayer
and a contone |ayer. The black layer is defined to conposite over the
contone |layer. 5 The bl ack | ayer consists of a bitmap containing a 1-bit
opacity for each pixel. This black |ayer matte has a resolution which is
an integer factor of the printer's dot resolution. The highest supported

resolution is 1%@ roddce?bla&lbgt a1l ide{ I%E(ggt_l%rr(ltllé%k)Llﬁ(;.ﬁg%p%duggs co-EEo%econt one

| ayer consists of Itmap containing a eac pi xel .
Thi s cont onelor aiezgﬂ)mea@laalms asolutiom usihg bhiftosingnThepagg eeschipgbots thdrefobe
printer's 10 re tion. The hig est u ed resolution is 267 ppi,

i .e. one- sgkvt'ﬁlf:dt‘ﬂ@ apl?ﬁ'f‘ﬂ(t ayer angygcontopg E?IBB?{FI yeloih deiheed te semaesiovess

al so typi ca{eld(m%eq@;epger factor of the bI ack resolution, to sinplify
calculations in the printer driver. This is not a requirenent, however. The
bl ack |ayer and mhélwbmyéh@ﬂBQSﬁQf aditgnapeohtainingo ibitepseiy fopeahfpoxel €THis ci ent

15 transm gver the | ows B connpection to the ter. 5.2.1

Page Str uc? Eéf: g TRye H%? rgsoﬂ?t??ﬂ‘é{BlLE Spaé‘glgteé?reﬂéc%f)tgﬁkfeipgngﬁ PHERIBY t he
Wi dth of ifTge nrgheéthegdmedZ&OIdm@neéﬁ%mpermesme%n&fr sifh dBAREJIuRA h, and the
size of the currently sel ected print medium £2€| nt abl e page area has a

maxi num wi dt h offhgeontpge laygs ARy EE eht bmg@cwmnmg il EMSYK cploeforapehmet i ¢

o 1 oas. t nBA T e afed MR Eicon SRR g bbbl e Bonal R e

printabde rmgmnanem&aghasmupspmmndlwlb 267 ppi, $.e SanRiMh tHeeprivhersidodl  page
length, less the 25 top and bottom nargins inposed by the characteristics
of the papBroPafPR. The target page size is constrained by the printable

page area, |essThBgofp Ilegdllt,ltIOI‘(ITS%rqu 1ceg§ n iRRGe ORI L BI%CRSR:QSIBO{»?QO' n

the page description. In theory iPri es no |rrpose atop or
mar gi n - i sieplify catulaensfiutte pringedriver. This is not a requirement, however.

The black layer and the contone layer are both in compressed form for efficient

15  transmission over the low-speed USB connection to the printer.

5.2.1 Page Structure
iPrint has a printable page area which is determined by the width of its printhead,
20  the characteristics of its paper path, and the size of the currently selected print medium.
o The printable page area has a maximum width of 8”. If the physical page width
exceeds 87, then symmetric left and right margins are implicitly created. If the physical
page width is less than 8”, then the printable page width is reduced accordingly. The
printable page area has no maximum length. It is simply the physical page length, less the
25  top and bottom margins imposed by the characteristics of the paper path.
The target page size is constrained by the printable page area, less the explicit
(target) left and top margins specified in the page description.
In theory iPrint does not impose a top or bottom margin - i.e. it allows full bleed in
the vertical direction. In practice, however, since iPrint is not designed as a full-bleed
30 Ad/Letter printer because it uses an 8” pr;inthead, an artificial tob and bottom margin 1s
imposed to avoid having to include a sponge large enough to cope with regular off-edge

printing.
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PCT/ AU02/ 01060 15 5.2.2 Page Description Format Table 2 shows the format

of the page description expected by iPrint.
format field format description
format signature.

nunber .

t ar get

version 16-bit
structure size 16-bit
descri ption.

si gnhat

I nt eger

resolution 16-bit
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t arget page,
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top margin,
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ots. target
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TABLE 2 Page description

ure 16-bit integer Page description

Page description format version
Si ze of fixed-size part of page

I nt eger Resol ution of target page.

target page width 16-bit integer
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in dots.
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bl ack scal e factor

i nt eger
i nt eger
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w dt h 16-t¢L_LnLegeL_MLdL
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I ht eger
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page
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Hei ght of
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h 16chit Biegeni x o

| Size of fixed-size part of page

description.

target resolution

(dpi)

16-bit integer

Resolution of target page. This is always

1600 for iPrint.

target page width

16-bit integer

Width of target page, in dots.

target page height

16-bit integer

Height of target page, in dots.

target left margin

16-bit integer

Width of target left margin, in dots.

target top margin

16-bit integer

Height of target top margin, in dots.

black scale factor

16-bit integer

Scale factor from black resolution to

target resolution (must be 2 or greater).

black page width

16-bit integer

Width of black page, in black pixels.

black page height

16-bit integer

Height of black page, in black pixels.

black page data size

32-bit integer

Size of black page data, in bytes.

contone scale factor

16-bit integer

Scale factor from contone resolution to

target resolution (must be 6 or greater).

contone page width

16-bit integer

Width of contone page, in contone pixels.

contone page height

16-bit integer

Height of contone page, in contone

pixels.

contone page data

32-bit integer

Size of contone page data, in bytes.

size

black page data EDRL Compressed bi-level black page data.
bytestream . .

contone page data JPEG bytestream | Compressed contone CMYK page data.




contone page data 32-bit integer Size of contone page data, in bytes. size
bl ack page data EDRL Conpressed bi-level black page data. bytestream

cont one paga3datsas JPEG byt estream Conpressed cont one CMYKppagaiodaimso WO

03/ 018316 PCT/ AU02/ 01060 16 Apart fresmbeing inplicitly defined in
relation to the printable page area, each page description is conplete and
self-contained. There is no data transmitted to the printer separately
fromthe page description to which the page description refers. 5 The page
description contains a signature and version which allow the printer to
identify the page description format. |If the signature and/or version are
m ssing or inconpatible with the printer, then the printer can reject the

page. The page desc fiopi beinp dgflicnBsdefifed nasmtivh toihe pridtadiezRgOhireh NACK pigaet
page. The black and contone | ayers are clipped to the target page If
necessar y. SSPRTBIHLP semBleiiadssdcontamed [Hhers die data teamsmiiied g éhe mimeict or s are

not faCtOr&.pgifatetlﬂ?roﬁx%g?%%%Q&p‘f‘ﬂ?quﬂfchh!ﬁé %%gaglegpﬁn%ﬁ?&g}s left and top

mar gi ns define the posi ning o e targe n the printable
page area. The Bhapdgeldayeiptipacanenen sigdabiicrmdtvesiqi which ailaw tiaf prite tbl ack

| ayer, its. integer scale  factor t he target resolution, and the size of
its conpr e'éjﬁ'é‘ﬂg'gﬁeg%agﬁ %E“pﬁ*ﬂ’étf‘?fa}af-iﬁﬁ‘é-s’éf‘itére 2/ Q8 | VEFSKOTAG BNUHIELf ol | ows t he

fi xed- s1 Zenpaipidhl whlh TfRed BRA IO Al ca REe A .| ayer par ameter s
defi ne thempi er)I ]si \zVe of heeéont oneg; I ayeC?, peﬁ%sg?yn@gger scale factor to

the target resolg page desomgtiphdefsies cheoksalutgoncandpizesd it feggepapat Bhe Hlhek

vari abl e- size contone pa data fall ows t vari ahbl e-si ze bl ack page dat a.
Al int egearmsdchor?&f"ﬁelayﬁ&sgaze gg%pcesit?)f}\eé?fgﬁtrp@ggi}ed‘reé?fs?rﬁ'hb?‘@-%@ﬁm‘%wﬁ VE[ t8?der.
20 Thel(var biabt &r @ntshcRtae kacRgsre ot AcRRdef thRirgerbhabl RIS bZIRIgRNt One page
data are aligned to 8-byte boundaries. The size of the required padding is
i ncl uded in t heTkg tegepielttand top mpeginssdefiae gigrposisioninge! phejleragepageivithimthe

structure ?,Jp,q Labl e-si ze black data. The entire page description has
a target s zeals]?%%egérk%han 3MB, and a maximum size of 6MB, in accordance

w th page buff eThanelack kydrrpataneetdas defirrthe pixei size of the black layer, its integer scale
factor to the target resolution, and the size of its compressed page data. The variable-size

15 black page data follows the fixed-size parts of the page description.

The contone layer parameters define the pixel size of the contone layer, its integer
scale factor to the target resolution, and the size of its compressed page data. The variable-
size contone page data follows the variable-size black page data.

All integers in the page description are stored in big-endian byte order.

20 The variable-size black page data and.the variable-size contone page data are
aligned to 8-byte boundaries. T_hé size of the réquired padding is included in the size of the
fixed-size part of the page description structure and the variable-size black data.

The entire page description has a target size of less than 3MB, and a maximum size
of 6MB, in accordance with page buffer memory in the printer.

25 The following sections describe the format of the compressed black layer and the

compressed contone layer.

5.2.3 Bi-level Black Layer Compression
5.2.3.1  Group 3 and 4 Facsimile Compression

30 The Group 3 Facsimile compression algorithm [1] losslessly compresses bi-level
data for transmission over slow and noisy telephone lines. The bi-level data represents

scanned black text and graphics on a white background, and the algorithm is tuned for this



25 The follow ng sections describe the format of the conpressed bl ack | ayer
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conpression algorithm|[1] |osslessly wonpresses bi-level data for

transm ssion over slow and noisy tel ephone lines. The bi-level data
represents scanned bl ack text and graphics on a white background, and the
algorithmis tuned for this WO 03/018316 PCT/ AU02/ 01060 17 class of images
(it is explicitly not tuned, for exanple, for halftoned bi-Ievel inmages).
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The Group 4 Facsimile algorithm [1] losslessly compresses bi-level data for
transmission over error-free communications lines (i.e. the lines are truly error-free, or
error-correction is done at a lower protocol level). The Group 4 algorithm is based on the
2D Group 3 algorithm, with the essential modification that since transmission 1s assumed to

20  be error-free, 1D-encoded lines are no longer generated at regular intervals as an aid to
error-recovery. Group 4 achieves compressien ratios ranging from 20:1 to 60:1 for the
CCITT set of test images [13].

The design goals and performance of the Group 4 compression algorithm qualify it

as a compression algorithm for the bi-level black layer. However, its Huffman tables are

25  tuned to a lower scanning resolution (100-400 dpi), and it encodes runlengths exceeding
2623 awkwardly. At 800 dpi, our maximum runlength is currently 6400. Although a Group
4 decoder core might be available for use in the printer controller chip (Section 7), it might
not handle runlengths exceeding those normally encountered in 400 dpi facsimile
applications, and so would require modification.

30 Since most of the benefit of Group 4 comes from the delta-encoding, a simpler
algorithm based on delta-encoding alone is likely to meet our requirements. This approach

is described in detail below.
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its precursors [1][17] EDRL uses three s of synbols, appropriately
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t he maxi num a ran Sans Sens or
whi t e)10 Thiwglrhises one of the edge delta codes The shorter and likelier

deltas have the shorter codes. The maxi numdelta range (2) is chosen to
mat ch the di st r ABGEELTRNGE caded with seferepge Pypicess lngth‘f/B‘f‘?V@él@B§e iffipgre is an

di stri buti ofdeivs iR ilel faxi RABRRMG SHoe AithARL HmSichSe (vhiteBIHT Kk ‘BI%%QTQ eis
given in Table 3. TABLE 3 Edge déeh}gt a dist ?%T) ti oen(\@lor ? 0|0rr1t mes at 800
dpi | del t whitgr bhialsdsidang of the edge delta codes. The shorter and likelier deltas have the
shorter codes. The maximum delta range (+2) is chosen to match the distribution of deltas
15 for typical glyph edges. This distribution is mostly independent of point size. A typical

example 1s given in Table 3.

TABLE 3 Edge delta distribution for 10 point Times at 800 dpi
|delta] probability
0 o .65%
| 23% -
2 7%
>3 5%

An edge can also be coded using the length of the run from the previous edge in the
20  same line. This uses one of the create edge codes for short (7-bit) and long (13-bit)
runlengths. For simplicity, and unlike Group 4, runlengths are not entropy-coded. In order
to keep edge deltas implicitly synchronised with edges in the previous line, each unused
edge in the previous line is “killed” when passed in the current line. This uses the kill edge
code. The end-of-page code signals the end of the page to the decoder.
25 Note that 7-bit and 13-bit runlengths are specifically chosen to support 800 dpi
Ad4/Letter pages. Longer runlengths could be supported without significant impact on
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codes is defined in Table 4. Note that there is no end-of-1ine code. 5 The
decoder 5 us d&e daendpnyses itiedralge wodtl ¢o desect ttheeendrd tiof lineh&heé lemgths Shehelcedegtdts of

t he codes ar rdered by the, rel at obabllltles of the codes’
occurrence.%m?eﬁﬁ@gdtﬁe Eﬁ;ﬂﬁ@é@é%ﬁﬁgotﬁ‘agg A%c SISt f i x description AO 1 -
don't nove correspondi ng edge A+l 010 - nove correspondi ng edge +1 A-1
011 - nove—corresponding edge -1 A+2 00010 - nove corresponding edge +2

A-2 00011 | THBEEAr Féﬁgeﬁ@ﬁwrédge -2 kill edge 0010 - kill corresppnding
edge creatg . ar—edge wuﬁ bi—t reat d< e—fromshort—runtenrgth—{ RL)
create far e(?é% 00001 13°MSo8ing cf'éqb'txe edgeﬁf’# 54°8ng runl ength (RL)

AO 1 don’t move corresponding edge

A+1 010 - move corresponding edge +1

A-1 011 - move corresponding edge -1

A+2 00010 - move corresponding edge +2

A-2 00011 - move corresponding edge -2

kill edge 0010 - kill corresponding edge

create near edge| 0011 7-bit RL create edge from short runlength (RL)

create far edge | 00001 13-bit RL create edge from long runlength (RL)

end-of-page 000001 - end-of-page marker

(EOP).

Figure 9 shows an example of coding a simple black and white i-mage 90. The
10 image is arranged as lines 91 of pixels 92. The first line 91 is assumed to be white and,
since it is, 1s coded as AQ. Note that the common situation of an all-white line following
another all-white line is coded using a single bit (A0), and an all-black line following
another all-black line is coded using two bits (A0, AO). Where an edge occurs in a line, such
as the fourth line 93, the create code is used to define the edges. In the next line 94, the A-1
15 and A+1 codes are used to move the edges. In the next line 95, it is more convenient to

create a new edge and kill the old edge rather than move it.

EDRL encoding example
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and A+l c ; : 1 I.L 1S, nore
convenienﬁaﬁguﬂ%?gg?ﬁgg%gé@?ﬁ%ﬁ%ﬁgﬁgﬂgﬁ%?oéﬂz%gﬁgaggsgh?gﬁﬁgéa?ﬁgﬂhﬁ%ve it.
EDRL encodienge.ex anHt gofquddiénl 83:bdingCTdntdO@b Oid@d @or RO sdvad amdghadonid@ore
foregoi ng descri pes the conpression format, not the c ressi on al gorithm
per se. AR?H’rF’ia%tt‘Sarb‘Pt %rduf Qf?#@ﬁ?‘séeﬁewairwggngé%ﬁn%él%r%%a 9 g‘F CPRErSHAR

| MBge. SOMBARI Phe LANBARE cABRALASIBhPK CURERIE o sBo®Yf ForfittbaNIL N
encodi ng confornms To the conpreSS|o§ format. The goal of the conpression
al gor i thmensoding frsqvearimaggood, if not the best, 5 encoding for a given

[ . The,f | IS i.mpl. ith duci ng the. E di
of a1 i ne WerRlPYEd: s Sufu® vEPh dotof Bipshill R mRP 64iodie e RUS% 01060

21 #defi nensHRi: PREEL! SI ON7 precision of short run #define
LONG_RUN _PRECI SIONI 3 precision of long run EDRL_ConpressLine 5 Byte
prevLine[], // previous (reference) bi-level Iine Byte currLine[], //

current (coding) bi-level line int lineLen, // line length BITSTREAMs //
out put (conpressed) bitstream



10 ) int prevEdge = 0 // current edge offset in previous Iine int currEdge
= 0 // current edge offset in current line int codedEdge = currEdge //
nost recewD (cmasds (out put) edge int prevColor = 0 // currecr/Ankonen
previous line (0 = white) 15 int curmColor = 0 // current color in current
line int prevRun // current run in previous line int currRun current run
in current line bool bUpdatePrevEdge = true // force first edge update
bool bUpdateCurrEdge = true // force first edge update 20 while (codedEdge
< lineLen) possibly update current edge in previ ous line if

(bUpdat ePr gvEdge ) : ’

pr evEdge, ef}e n é\ﬁéﬁ‘@emﬁ-‘— prevRun
prevCol or iﬂdﬂﬂﬁ fa’ieg’éloﬁ(%é(i’rlﬂry"update current
edge in current line if (bUpdat eCur r Edge) |f (currEdge < lineLen) 35

curr Run = EDRRufosipresskine, currEdge, |inelen, currColor) else currRun = 0
currEdge +£ currRun currCol or = lcurrColor 40 bUpdateCurrEdge = fal se

Byte prevLine[], /I previous (reference) bi-level line
Byte currLine[], /I current (coding) bi-level line
int lineLen, // line length
BITSTREAM s /I output (compressed) bitstream
10 )
int prevEdge = 0 /I current edge offset in previous line
int currEdge =0 /I current edge offset in current line
int codedEdge = currEdge /I most recent coded (output) edge
int prevColor = 0 /I current color in previous line (0 = white)
15 int currColor = 0 /I current color in current line
int prevRun /I current run in previous line
int currRun /I current run in current line
bool bUpdatePrevEdge = true /I force first edge update
bool bUpdateCurrEdge = true /I force first edge update
20
while (codedEdge < lineLen)
/1 possibly update current edge in previous line
if (bUpdatePrevEdge)
if (prevEdge < linelen)
25 prevRun = GetRun(prevLine, prevEdge, lineLen, prevColor)
else
prevRun =0
prevEdge += prevRun
prevColor = !prevColor
30 bUpdatePrevEdge = false
// possibly update current edge in current line
if (bUpdateCurrEdge)
if (currEdge < lineLen)
35 currRun = GetRun(currLine, currEdge, lineLen, currColor)
else
currRun =0
currEdge += currRun
currColor = !currColor
40 bUpdateCurrEdge = false

/ output delta whenever possible, i.e. when
/I edge senses match, and delta is small enough
if (prevColor == currColor)
45 delta = currEdge - prevEdge
if (abs(delta) <= MAX_DELTA)
PutCode(s, EDGE_DELTAO + delta)
codedEdge = currEdge



out put delta whenever possible, i.e. when // edge senses match, and delta
is small enough if (prevColor == currColor) 45 delta = currEdge - prevEdge
i f (abs(dwotiapi1ssts MAX - DELTA) Put Code(s, EDGE_DELTAO + deitia)oz2/ocwsdedEdge
= curr Edge WD 03/018316 PCT/ AU02/ 0106822 22 bUpdat ePrevEdge = true

bUpdat eCurr Edge = true continue 5 Il kill unmatched edge in previous |ine
if (prevEdge <= currEdge) PutCode(s, KILL - EDGE) bUpdatePrevEdge = true
10 Il create unmatched edge in current line if (currEdge <= prevEdge)

Put Code(s, CREATE EDGE) if (currRun < 128) Put Code(s, CREATE NEAR EDGE) 15
Put Bi t s( cur r Run ;SR REG SION) el se Put Code(s, CREATE_FAR_EDGE)

Put Bi ts(currRun,bUlE%\‘!gE eRlEﬁug ON) codedEdge = currEdge 20

bUpdat eCur r Edge = e that the algorithmis blind to actual edge
continuity bet weeh 1% nes, and may in fact match the "wong" edges between
two |ines. Hag(gily t he coc{;gr,essi on format has nothing to say about this,

since Pt declde UiPRicReq §dge i REVIQUSfige di fficult for a "wong” match
if (prevEdge <= currEdge)

PutCode(s, KILL_EDGE)
bUpdatePrevEdge = true

10 // create unmatched edge in current line
if (currEdge <= prevEdge)
PutCode(s, CREATE_EDGE)
if (currRun < 128)
PutCode(s, CREATE_NEAR_EDGE)
15 PutBits(currRun, SHORT_RUN_PRECISION)
else
PutCode(s, CREATE_FAR_EDGE)
PutBits(currRun, LONG_RUN_PRECISION)
codedEdge = currEdge
20 bUpdateCurrEdge = true

Note that the algorithm is blind to actual edge continuity between lines, and may in

fact match the “wrong™ edges between two lines. Happily the compression format has
nothing to say about this, since it decodes correctly, and it is difficult for a “wrong” match
to have a detrimental effect on the compression ratio.

25 For completeness the corresponding decompression algorithm is given below. It

forms the core of the EDRL Expander unit in the printer controller chip (Section 7).



to have a detrinental effect on the conpression ratio. 25 For conpl eteness
t he correspondi ng deconpression algorithmis given below. It forns the
core of twe lBDR31EXpander unit in the printer controller @dmmuydecsion 7).
WD 03/ 018316 PCT/ AU02/ 01060 23 EDRL MeconpressLine ( BITSTREAM s, //

i nput (conpressed) bitstream Byte prevLine[],// previous (reference)
bi-level line 5 Byte currLine[], // current (coding) bi-level line int
lineLen // line length int prevEdge = 0// current edge offset in previous
line int currBdge = 0 // current edge offset in current line 10 int
prevCol or =9 ent Hor— T previous—H e (O—whirte)y—nt——currCotor = 0
current ccﬁ%‘ﬁ‘iﬁg@ Feéﬁﬁ“f’i ne while (currEdge < |ineLen) 15 code =

Get Code(s)( switch (code) case EDGE DELTA M NUS2: case EDGE- DELTA-M NUS 1:
case EDGE DEBYISTRESM sase EDGE- DEV/Tppwi(emnpressed UBSUERGE DELTA PLUS2: /1
create edge ByemreMlined].i/mrevdeust (seferenesdbi-levEiD®E DELTA O int run = prevEdge
+ delta - cuByEdgelils(]F//IduBettRaodiogirhidlévedlineur r Edge, curr Col or, run)

curr Edge += muhin€lsnr Col @rline l1éragtii r Col or prevEdge += Get Run( prevlLi ne,
prevEdge, ) ineLen, prevColor)

int prevEdge = 0// current edge offset in previous line
int currEdge = 0 // current edge offset in current line

10 int prevColor =0 // current color in previous line (0 = white)
int currColor =0 // current color in current line

while (currEdge < lineLen)

15 code = GetCode(s)
switch (code)
case EDGE_DELTA_MINUS2:
case EDGE_DELTA MINUSI:
case EDGE_DELTA_O:
20 case EDGE_DELTA_PLUSI:
case EDGE_DELTA_PLUS2:
/l create edge from delta
int delta = code - EDGE_DELTA 0
int run = prevEdge + delta - currEdge
25 FillBitRun(currLine, currEdge, currColor, run)
currBdge +=run -
currColor = !currColor
prevEdge += GetRun(prevLine, prevEdge, lineLen, prevColor)
.prevColor = !prevColor
30 o o
case KILL_EDGE:
/I discard unused reference edge
prevEdge += GetRun(prevLine, prevEdge, lineLen, prevColor)
prevColor = !prevColor
35
case CREATE_NEAR_EDGE:
case CREATE_FAR_EDGE:
/I create edge explicitly
It run
40 if (code == CREATE_NEAR_EDGE)
run = GetBits(s, SHORT_RUN_PRECISION)
else
run = GetBits(s, LONG_RUN_PRECISION)
FillBitRun(currLine, currEdge, currColor, run)
45 currColor = !currColor
currEdge += run




prevCol or = !'prevCol or 30 case KILL_EDGE: // discard unused reference edge
prevEdge += Get Run(prevLi ne, prevEdge, |ineLen, prevColor) prevColor =

I prevCol ow03B/0css3e CREATE _NEAR EDGE: case CREATE_FAR _EDGECT/AU0201@at € edge
explicitly int run 40 if (code == CRHATE - NEAR-EDGE) run = GetBits(s,
SHORT_RUN_PRECI SION) else run = GetBits(s, LONG RUN_PRECI SI ON)
FillBitRun(currLine, currEdge, currColor, run) 45 currColor = !currCol or
curr Edge += run WD 03/018316 PCT/ AU02/ 01060 24 5.2.3.3 EDRL Conpression
Performance Table 5 shows the conpression performance of G oup 4 and EDRL
on the CCI§'3'3§es?lﬁ%wﬁyésﬁl&gge}f&'ﬁg&ct the Goup 4 algorithm Each
docunent represents a single pagé scanned at 400 dpi. Goup 4's superior

performance is Tabkde § Ghbivs tierdofppassion getomtice bf Geaougtdvind RDRE@n e @00 pi
features. TABLE 5 Group 4 and EDRL conpressi on performance on standard

CCl TTT doc'ffeiPeumeRts ussd taselecherrappchmenithir Begh docemRpirerissets 4 Hogle EDRL
conpr essi ofheb & dnfled AUTBGIpi. I6roHp 2’ s%hp&ior performance is due to its entropy-coded run-

5  lengths, tuned to 400 dpi features.

TABLE 5 Group 4 and EDRL compression performance
on standard CCITTT documents at 400 dpi
CCITT document  |Group 4 compression ratiol EDRL compression ratio
number

1 29.1 21.6
2 499 413
3 17.9 14.1
4 7.3 5.5
S 15.8 124
6 31.0 25.5
7 7.4 5.3
8 26.7 234

_ ° Magazine text is typically typését in a typeface with serifs (such as Tirﬁes) at a point
size of 10. At this size an A4/Letter page holds up to 14,000 characters, though a typical
10 magazine page holds only about 7,000 characters. Text is seldom typeset at a point size
smaller than 5. At 800 dpz, text cannot be meaningfully rendered at a point size lower than

2 using a standard typeface. Table 6 illustrates the legibility of various point sizes.



2 49.9 41.3 317.914.1 4 7.35.5 515.812.4 6 31.025.5 77.45.3 8
26.7 23.4 Magazine text is typically typeset in a typeface with serifs
(such as womsm)s3aé a point size of 10. At this size an AdlrcatAwre/opwge hol ds
up to 14,000 characters, though a tymscal 10 nagazi ne page hol ds only
about 7,000 characters. Text is seldomtypeset at a point size snaller
than 5. At 800 dpi, text cannot be neaningfully rendered at a point size

| ower than 2 using a standard typeface. Table 6 illustrates the legibility
of various point sizes. WO 03/018316 PCT/ AU02/ 01060 25 TABLE 6 Text at
different point sizes point size sanple text (in Tinmes) 8 The qui ck brown
fox junps over the lazy dog. 9 The quick brown fox junps over the |azy dog.
10 The qui[EABI6N fDextjaydifferenepoihbszdsazy dog. Table 7 shows G oup 4 and

EDRL conpriessi-on—perfors ying point sizeq,
render ed tP‘BBDS'Eﬁn . Note that EDRL %&!Wlé\?@@(mhﬁlm"ébw red 5 conpr essijon
ratio of Z475°f AT BT oRw i PR Per e B o t ypeset—at—= pornt—stze—of—31 The

di stributijon o cthracters on the test pages is based on English-Ianguage

statisticg [129. TABE&icKbryGexpuds aerche Ridbe conpr essi on perfornmance or text
at 800 dpi point dize characters/A4 Group 4 conpression EDRL conpregsi on

ratio pade rdfio 2 Brguiggue faxismpsovestheigy 0 3.2 2.5 4 86,000 4.7|3.8 5
59, 000 5.54-9

Table 7 shows Group 4 and EDRL compression performance on pages of text of
varying point sizes, rendered at 800 dpi. Note that EDRL achieves the required
5  compression ratio of 2.5 for an entire page of text typeset at a point size of 3. The

distribution of characters on the test pages is based on English-language statistics [12].

TABLE 7 Group 4 and EDRL compression performance on text at 800 dpi
point size characters/A4 | Group 4 compression | EDRL compression ratio
page ratio

2 340,000 23 1.7

3 170,000 3.2 2.5

4 86,000 4.7 3.8

5 59,000 5.5 4.9

6 T41000 5 | 6.1

7 28,000 7.7 7.4

8 21,000 9.1 9.0

9 17,000 10.2 10.4

10 +14,000 10.9 1.3

Ll 12,000 LLS 124

12 8,900 13.5 14.8

13 8,200 13.5 15.0

14 7,000 14.6 16.6

15 5,800 16.1 18.5

20 3,400 19.8 239




6 41,000 6.5 6.1 7 28,000 7.7 7.4 8 21,000 9.1 9.0 9 17,000 10.2 10.4

10 ,14,000 10.9 11.3 11 12,000 11.5 12.4 12 8,900 13.5 14.8 13 8, 200
13.5 15. owob4/0783000 14.6 16.6 15 5,800 16.1 18.5 20 3, 40Q0TM008/02809 WO
03/018316 PCT/ AU02/ 01060 26 For a paiént size of 9 or greater, EDRL
slightly outperforms Goup 4, sinply because Goup 4's runlength codes are
tuned to 400 dpi. These conpression results bear out the observation that
ent ropy-encoded runl engths contribute much |Iess to conpression than 2D
encodi ng, unless the data is poorly correlated 5 vertically, such as in

the case of ver 4.1
JPEG CowpreSS|J%n%ﬁ§h§89%?£2§% gégfgﬂgR#gg?ﬂ %f i |oss y4§§§ gggggga

cont one |Nﬁgmpaksamkmg$pede§mednqda¢4®@dmevel It introduces inperceptible

d dat t t d negli bI i mge
ooy adat Son at | LpFUBERBI EHIDLeRePBinesthse b (s RePT yRfada ey

transf or msednfiebuitd e (88 @ BmpRdsSlon SRACHD moah]gS@rn@srs%ﬁeéata kgﬁbﬂ%@&ﬁelﬁe&'
chrom nance i nto separate color channels. This | ows t he nance

channel5s trieallyups ﬁph@ﬁeﬂmﬁhﬁumyappﬂémeUEQ Ioss because of the human
visual systemis 15 relatively greater sensitivity to | um nance than
chrom nance. After this first step, each color channel is conpressed

separ at el ys, 2Ihermgeua§e,dcymge@sioﬂto 8x8 pi xel bl ocks. Each block is then
transforned into the frequency domain via a discrete cosine transform

(DCT). Thi¥2fdansIBEGEPBRTressiont he ef f ect

The JPEG compression algorithm [6] lossily compresses a contone image at a
10 specified quality level. It introduces imperceptible image degradation at compression ratios
below 5:1, and negligible image degradation at compression ratios below 10:1 [16].

JPEG typically first transforms the image into a color space which separates
luminance and chrominance into separate color channels. This allows the chrominance
channels to be subsampled without appreciable loss because of the human visual system’s

15 relatively greater sensitivity to luminance than chrominance. After this first step, each color
channel 1s compressed separately.

The 1mage is divided in-to 8x8 pixel blocks. Each block is then transformed into the
frequency domain via a discrete cosine transform (DCT). This transformation has the effect
of concentraling image energy in relatively lower-frequency coefficients, which allows

20 higher-frequency, coefficients to be more crudely quantized. This quantization is the
principal source of compressi(.)nA in JPEG. Further compression is achieved by ordering
coefficients by frequency to maximise the likelihood of adjacent zero coefficients, and then
runlength-encoding runs of zeroes. Finally, the runlengths and non-zero frequency

coefficients are entropy coded. Decompression is the inverse process of compression.

25



of concentrating image energy in relatively | ower-frequency coefficients,
whi ch all ows 20 hi gher-frequency coefficients to be nore crudely quanti zed.
Thi s quamvioaatougsms i S the principal source of conpressi onPCT/AREGI06HUr t her
conpression is achieved by ordering woefficients by frequency to maxi m se
the Iikelihood of adjacent zero coefficients, and then runl ength-encoding
runs of zeroes. Finally, the runlengths and non-zero frequency
coefficients are entropy coded. Deconpression is the inverse process of
conpression. 25 WD 03/018316 PCT/ AU02/ 01060 27 5.2.4.2 CWK Contone JPEG

Conpr essi .%E.Qr matl\ﬂ?ﬁ %@ﬂ?ﬁ?ﬁ&@ﬂ?ﬁeggmﬁog%w essed to an interl eaved

col or JPEG byt estream erl eav I's required for space-efficient

deconpr essi on i Thet@el YK torit@re, lajauis domypredsedtordndihtet B ed@oRESPEG D yteweaset S Of
Huf fman tapl es rather than four (i.e. one per color 5 channel) [16]. If
| uni nance HKdNEAEBIMhizieIRH dorsppcereffient dasemprosEon inihaRABEN.ONAMAEl s can

share one 1sgticQhe 1aRESw @B et BEHAR gﬁ'é%qgmgmmm (it.é?%ﬂgpé}%folo%et- T

| um nance/ chrom nance separation is necessary, elt for the

pur pos®és abhinted]lé]. dhimmimpcernd dromhraocd avesgaraed) stemphé hgnindrve ohaivilsi S
converted to YOrCh and .G and Cb are duly subsanpled. Kis treated as a

| uni nance C@Hﬁhﬂ%fm%l?ﬁi of Eab}f’éta_“‘gﬁ%es%mﬁ .“Céllﬁ‘am%ls g%l?@%)??test reamis conplete
and sel f - cont aifpRehinhdceefndhilke 3t pardthads EQ&MEd RbesshiQr ci%@ﬁ%@eﬁﬁf)&@s _
including quantization and Huf fman tables. 6 Menmjet Printhead 15 An 8-inch
Menj et pridit#dashasipaor farsheiminguse suksadatioe.4hémCM YWsrgorverpditniYkiz&t end Coi ned

t oget her sj b ide. The.t 4-1nch printheads,are. wired up.together in a
specific V\E}élgeqbo%lreug@ Supsanlgdy f is o qﬁ%gg? lyémwr}cleﬁaarplghmilégokﬁgwngﬁag of the
4-inchopri nt heathe JREbeEsve@wiOdoniglete 4ndl BslRcoiihéd. ea@midiss 47 @seryeigeder e.

20 6.1 Conposition of a 4-inch Printhead Each 4-inch printhead consists of
8 segment 40T dxOMPESERBANCIYAINE gHantizaton and Hwidman tablesch of the segnents
prints bi-level cyan, nmagenta, yellow and bl ack dots over a different

6 Memjet Printhead
15 An 8-inch Memjet printhead consists of two standard 4-inch Memjet printheads
Joined together side by side.
The two 4-inch printheads are wired up together in a specific way for use in iPrint.
Since the wiring requires knowledge of the 4-inch printhead, an overview of the 4-inch
printhead is presented here.
20 _
6.1 Composition of a 4-inch Printhead
Each 4-inch printhead consists of 8 segments, each segment 1/2 an inch in length.
Each of the segments prints bi-level cyan, magenta, yellow and black dots over a different
part of the page to produce the final image.
25 Since the printhead prints dots at 1600 dpi, each dot is approximately 22.5 microns
in diameter, and spaced 15.875 microns apart. Thus each half-inch segment prints 800 dots,

with the 8 segments corresponding to the positions shown in Table 8.



part of the page to produce the final inmge. 25 Since the printhead prints
dots at 1600 dpi, each dot is approximately 22.5 mcrons in dianmeter, and
spaced 15w®M5/0ms3a6 ons apart. Thus each hal f-inch segnent pCTM®28060dot s,
with the 8 segnents corresponding to 28he positions shown in Table 8. WO
03/018316 PCT/ AU02/ 01060 28 TABLE 8 Final inmage dots addressed by each
segnent Printhead 1 Printhead 2 Segnent First dot Last dot First dot Last
dot O O 799 6,400 7,199 1 800 1,599 7,200 7,999 2 1,600 2,399 8, 000
8,799 3 2,400 3,199 8,800 9,599 4 3,200 3,999 9,600 10,399 5 4,000 4, 799
10,400 11,199 6 4,800 5,599 11,200 11,999 7 5,600 6,399 12,000 12, 799

Al t hough each segnent produces 800 dots of the final imge, each dot is
repr esent e ABLE & onfHinatimage abtskiddressed by ¥adh segReant a, yell ow and bl ack
ink. Becausethe 5 printing is hi-level "the input inmage should be
dithered of error-di{fused fPrintheat1resul tj. Each s&gintheadhen cont ai ps
3,200 nozz eg; ;%Qﬁ)te ch of cyan, magenta, yellow and bl ack. A four-inch
print head contains 8|such segnents for a tdqtal of 25,600 nozzles. 6.1(1
G oupi ng of Nozzles W thidt dot Se0MenhstHdt Thd NOFFdsedotM tHI N aLgim@te Segnent
are groupeffor reasgns of physical stahililty as well ds ninimzation| of
power consltnpti®n dufing Printijng. 14% erng of ®A9i cal [stabilil®9, a fotal

of 10 nozzles—share—{he pe—tAk—Teseryot 1 tHr—terps—ofpower—copsurpH on,
groupi ngs jare de fo e@iﬂ:e a Iowrég%ed gnd a7l*g08h-speed pr?;?p?ng node.
The printhead spppor{s tygo®ri nting; speeds |t o ald @y Speqd/ powgFggonsumpt i on

15 trade- of de in diffferent proddct confi guratli ons.
3 2,400 3,199 8,300 9,599
4 3,200 3,999 9,600 10,399
5 4,000 4,799 10,400 11,199
6 4.800 5,599 11,200 11,999
7 5,600 6,399 12,000 12,799

Although each segment produces 800 dots of the final image, each dot is
represented by a combination of bi-level cyan, magenta, yellow and black ink. Because the
5  printing is bi-level, the input image should be dithered or error-diffused for best results.
Each segment then contains 3,200 nozzles: 800 each of cyan, magenta, yellow and

black. A four-inch printhead contains 8 such segments for a total of 25,600 nozzles.

6.1.1 Grouping of Nozzles Within a Segment
10 The nozzles within a single segment are grouped for reasons of physical stability as
well as minimization of power consumption during printing. In terms of physical stability, a
total of 10 nozzles share the same ink reservoir. In terms of power consumption, groupings
are made to enable a low-speed and a high-speed printing mode.
The printhead supports two printing speeds to allow speed/power consumption
15  trade-offs to be made in different product configurations.
In the low-speed printing mode, 128 nozzles are fired simultaneously from each 4-
inch printhead. The fired nozzles should be maximally distant, so 16 nozzles are fired from

each segment. To fire all 25,600 nozzles, 200 different sets of 128 nozzles must be fired.



In the | owspeed printing node, 128 nozzles are fired sinultaneously from
each 4- inch printhead. The fired nozzles should be nmaximally distant, so
16 nozzl ewoaseissie ed from each segnent. To fire all 25, 6GeTmamzioesp 200
different sets of 128 nozzles nust bedfired. WO 03/018316 PCT/ AU0O2/ 01060
29 I n the high-speed printing node, 256 nozzles are fired sinultaneously
fromeach 4- inch printhead. The fired nozzles should be maxi mally distant,
so 32 nozzles are fired from each segnent. To fire all 25,600 nozzles, 100
different sets of 256 nozzles nust be fired. The power consunption in the

| ow- speed node t of. hi wever . that
t he energy conshﬁgggkﬁ %%?ﬁ?ggn%ggde:g% %Qﬁggmg?g&j%U§H§%ouygﬁog]%, 41 Ten
Nozzl es Makeh 1a1rl?ﬁ£hdATl$é fi@ldmolzﬂds sHRcnaadinllptistdt, R022Inesz1d ke sikal frévg a

comon i nk reservoir, zzles are in one row, and 5 are in another. Each
nozzl e pr cf’é&‘b%@“lfﬁf gofﬁ@“r%@@r’i‘ﬁﬂ?ﬁ 100 differgnt ests ehaierpzgles mustbegmsdni cr on
grid. Figure 1 ]

nozzl es 101 nu ered a](-::(})(.:}gs}l Egﬁ‘gﬁ{fﬁ?w@e\v gée ﬂn?dd%gmﬁalpﬁﬁ%%titﬁgh stsbg‘ae&'??(rieed

Al t hough tNae toxeives that Ehefemelggi cbnsuntedso prided pagehietheahat imbshicgeaf nozzl es
and physical placenment of dots on the printed page is different. The
nozzl es fromone row represent the even dots fromone |line on the page,

and the nQzghgs Oofeh R&zRAkdMaKeQWP§EPr €SENt the odd 15 dots fromthe
adj acent line on the page. Figure 11 shows the same pod 100 with the

nozzl es nunber/i&dmak)mﬂdﬁﬁgonﬂysts bElbnaelesilAl givrolg atdesymenuisk r¢servogalled. The

nozzl es w thi are therefore logically s ted.b e width of 1
ot The" 24l RaREPudiel uaf e naBRb 3 bo RN ORGSR SR Smbr e cer t 1 es
of t haoMergighetbi Jpab@l oBENETS Midrord BEd. [Fi guit e akbw Sthe a&mggmdm%tt hsisdlageer ed
nozzl es de5|gned to match the flow 20 of paper. 6.1.1.2 One Pod of Each
Col or NMakeOawith thsrigsaies tRbnybered agarhng it the ordenix whigh éfwnnwhe firpdgent a
122, yellow 123, 4

chr omapod repr esent §pcf?ef¢%ezr%%n o g}%g%?g%é{rﬁl?;raa&n%g@mggég%%% |1%£(i)lnt al
set of 10 makemeanoftiots @r éwtprintedgmge fﬁhﬁeffﬁxmc‘ﬂ“hfdh@ztzm(fﬁmbéxﬁﬁ/\ﬁﬁl‘lreﬁneﬁérﬁltl&nt
col or pods dep engs on the Menjet operating paraneters, and nay vary from

one Menj et®VeHERE 4o %“%lh‘@tcﬁb'ihe Pe%fe 2p BE AREECS 1 e REICHEMLEEPFSEHdNa0dbnst ant
nunber) sof gt f‘r%(#ltlfh%]ac%ﬂglme on the page. Figure 11 shows the same pod 100 with the nozzles

numbered according to the order in which they must be loaded.

The nozzles within a pod are therefore logically separated by the width of 1 dot. The
exact distance between the nozzles will depend on the properties of the Memjet firing
mechanism. The printhead 1s designed with staggered nozzles designed to match the flow

20 of paper. -

6.1.1.2  One Pod of Each Color Makes a Chromapod
One pod of each color, that is cyan 121, magenta 122, yellow 123 and black 124,

are grouped into a chromapod 125. A chromapod represents different color components of
25  the same horizontal set of 10 dots on different lines. The exact distance between different

color pods depends on the Memjet operating parameters, and may vary from one Memjet

design to another. The distance is considered to be a constant number of dot-widths, and

must therefore be taken into account when printing: the dots printed by the cyan nozzles

will be for different lines than those printed by the magenta, yellow or black nozzles. The
30  printing algorithm must allow for a variable distance up to about 8 dot-widths between

colors. Figure 12 illustrates a single chromapod.



must therefore be taken into account when printing: the dots printed by the
cyan nozzles wll be for different lines than those printed by the

magent a, welsowses bl ack nozzles. The 30 printing al gorit mermusk/oadehow f or
a variable distance up to about 8 dot3w dths between colors. Figure 12
illustrates a single chromapod. WO 03/018316 PCT/ AU02/01060 30 6.1.1.3

Fi ve Chronmapods Make a Podgroup 5 chromapods 125 are organized into a

si ngl e podgroup 126. Since each chromapod contains 40 nozzles, each
podgroup contains 200 nozzles: 50 cyan, 50 magenta, 50 yellow, and 50

bl ack nozz ., The arrangenent | 0 i,n Figure 13, with chromapods 5
nunber ed -‘ﬁi‘3Note talh?ﬁ'f ﬁ%‘“ﬁ?%‘isngge%%f’%ﬁwpadj acent chronapods is
exagger ated for 5 @ldfidgods 155 hrelorfanixed iRRAOGALIOPodRED BR2PBARBEAUP 2 _
podgroups 126 are organi zed into a single phasegroup 127. The phasegroup is

so 10 narsdeorpepedirotasddpezees, gactypasigranptorniaing 200 ageddeso 0P crane S imagenta,

si mul t ane | v, dur i iV fr . IS .S ined.in nor
detai | Dol Sayiofhehd S RapPhorls Lhe R BIRSE  Snabd b SAELP BT ERE, 1
for the punpsieest @k, Nowwisd e anttebeghecs pERDe chfdmapadyis @x ZzgeRedifopupEnabl e
|l ines. During | owspeed printing, only one of the two PodgroupEnable |ines
is set in dantys given firing pulse, so only one podgroup of the two fires
nozzl es. During high-speed printing, both PodgroupEnable |lines are set, so
bot h podgroups fire nozzles. Consequently a |ow speed print takes tw ce as
| ong as a Gil.gi4 spdadd PodgroypsMake atthaségrghpspeed print fires tw ce as many
nozzl es at once, Fjgure §g illustrates the conpositi g%off a Ehase roup. The
di stance bet weehPOSERPURS;I4R atsor aupd Si‘%gl%ﬁg%@%rf’&? fI4F PBESSBTUP IS 1. 1. 5
Two  Ph@s egreniashelke ghubt bE21E whith pPﬁa’%@gf@w&% filkéd sibioNasQALI9 WRAn g R d
PhasegroupB) are organi zed into a single iregroup 128, with 4 firegroups
in each segremfirin@phas¢(thisgy owppaned ie eere datad delosd alieforadianhedya phiasegioupe t he

A AT A A e S
PodgroupEnable lines.
During low-speed printing, only one of the two PodgroupEnable lines 1s set in a
15  given firing pulse, so only one podgroup of the two fires nozzles. During high-speed
printing, both PodgroupEnable lines are set, so both podgroups fire nozzles. Consequently a
low-speed print takes twice as long as a high-speed print, since the high-speed print fires
twice as many nozzles at once.
Figure 14 illustrates the composition of a phasegroup. The distance between

20  adjacent podgroups is exaggerated for clarity.

6.1.1.5 Two Phasegroups Make a Firegroup
Two phasegroups 127 (PhasegroupA and PhasegroupB) are organized into a single
firegroup 128, with 4 firegroups in each segment 129. Firegroups are so named because
25  they all fire the same nozzles simultaneously. Two enable lines, AEnable and BEnable,
allow the firing of PhasegroupA nozzles and PhasegroupB nozzles independently as
different firing phases. The arrangement is shown in Figure 15. The distance between

adjacent groupings is exaggerated for clarity.

30 6.1.1.6 Nozzle Grouping Summary

Table 9 is a summary of the nozzle groupings in a printhead.
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Firegroup Phasegroups per firegroup 2:1 800

Segment Firegroups per segment 4:1 3,200

4-inch printhead | Segments per 4-inch g:1 25,600
printhead

An 8-inch printhead consists of two 4-inch printheads for a total of 51,200 nozzles.

6.1.2 Load and Print Cycles

5 A single 4-inch printhead contains a total of 25,600 nozzles. A Print Cycle involves
the firing of up to all of these nozzles, dependent on the information to be printed. A Load
Cycle involves the loadmg up of the printhead with the mformanon to be printed during the
subsequent Print Cycle.

Each nozzle has an associated NozzleEnable bit that determines whether or not the

10 nozzle will fire during the Print Cycle. The NozzleEnable bits (one per nozzle) are loaded
via a set of shift registers.

Logically there are 4 shift registers per segment (one per color), each 800 deep. As
bits are shifted into the shift register for a given color they are directed to the lower and
upper nozzles on alternate pulses. Internally, each 800-deep shift register is comprised of

15 two 400-deep shift registers: one for the upper nozzles, and one for the lower nozzles.
Alternate bits are shifted into the alternate internal registers. As far as the external interface
is concerned however, there is a single 800 deep shift register.

Once all the shift registers have been fully loaded (800 load pulses), all of the bits
are transferred in parallel to the appropriate NozzleEnable bits. This equates to a single

20  parallel transfer of 25,600 bits. Once the transfer has taken place, the Print Cycle can begin.
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15  NozzleEnable bits.
The parallel transfer via a pulse on PTransfer must take place after the Print Cycle
has finished. Otherwise the NozzleEnable bits for the line being printed will be incorrect.
Since all 8 segments are loaded with a single SRClock pulse, any printing process
must produce the data in the correct sequence for the printhead. As an example, the first
20 SRClock pulse will transfer the CMYK bits for the next Print Cycle's dot 0, 800, 1600,
| '2400, 3200, 4000, 4800,4 érid-56'00. TIIé second SRClock pulse will transfer the CMYK bits
for the next Print Cycle's dot 1, 801, 1601, 2401, 3201, 4001, 4801 and 5601. After 800
SRClock pulses, the PTransfer pulse can be given.
It is important to note that the odd and even CMYK outputs, although printed
25  during the same Print Cycle, do not appear on the same physical output line. The physical
separation of odd and even nozzles within the printhead, as well as separation between
nozzles of different colors ensures that they will produce dots on different lines of the page.
This relative difference must be accounted for when loading the data into the printhead.
The actual difference in lines depends on the characteristics of the inkjet mechanism used
30  in the printhead. The differences can be defined by variables D, and D, where D, is the

distance between nozzles of different colors, and D; is the distance between nozzles of the
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D; = number of lines between the nozzles of one color and the next (likely =4 -
8) .
¢ D> = number of lines between two rows of nozzles of the same color (likely = 1)
5 And so on for all 800 pulses.
Data can be clocked into the printhead at a maximum rate of 20 MHz, which will
load the entire data for the next line in 40 Ts.
6.1.2.2  Print Cycle
10 - °  Ad4-inch printhead contains 2'5,600 nozzles. To fire them all at once would consume

too much power and be problematic in terms of ink refill and nozzle interference. Conse-

quently two firing modes are defined: a low-speed printing mode and a high-speed printing

mode:

¢ In the low-speed print mode, there are 200 phases, with each phase firing 128 nozzles.
15 This equates to 16 nozzles per segment, or 4 per firegroup.

e In the high-speed print mode, there are 100 phases, with each phase firing 256 nozzles.

This equates to 32 nozzles per segment, or 8 per firegroup.
The nozzles to be fired in a given firing pulse are determined by

® 3 bils ChromapodSelect (select 1 of 5 chromapods from a firegroup)

20 e 4 bits NozzleSelect (select 1 of 10 nozzles from a pod)

» 2 bits of PodgroupEnable lines (select 0, 1, or 2 podgroups to fire)
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Figure 16 shows the Aenable 130 and Benable 131 lines during a typical Print
Cycle. In a high-speed print there are 50 cycles of 2 Ts each, while in a low-speed print

there are 100 cycles of 2 Ts each. As shown in the Figure, slight variations in minimum and

20 maximum half cyéle times about the nominal, are acceptable. .

For the high-speed printing mode, the firing order is:
¢ ChromapodSelect 0, NozzleSelect 0. PodgroupEnable 11 (Phases A and B)
¢ ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
25 e ChromapodSelect 2, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
e ChromapodSelect 3, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
¢ ChromapodSelect 4, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
e ChromapodSelect 0, NozzleSelect 1, PodgroupEnable 11 (Phases A and B)

30 e ChromapodSelect 3, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)
e ChromapodSelect 4, NozzleSelect 9, PodgroupEnable 11 (Phases A and B)



For the high-speed printing node, the firing order is: ChromapodSel ect O.
Nozzl eSel ect 0. PodgroupEnable 11 (Phases and B) Chr omapodSel ect 1,
Nozzl eSel woto30is3odgr oupEnabl e 11 (Phases and B) 25 CwrcomapedBesbect 2,
Nozzl eSel ect 0, PodgroupEnable 11 (Ph#ses and B) ChronapodSel ect 3,
Nozzl eSel ect 0, PodgroupEnable 11 (Phases and B) Chr omapodSel ect 4,
Nozzl eSel ect 0, PodgroupEnable 11 (Phases and B) Chr omapodSel ect 0,
Nozzl eSel ect 1, PodgroupEnable 11 (Phases
Nozzl eSel ect 9, PodgroupEnable 11 (Phases and B) Chr omapodSel ect 4,
Nozzl eSel ect 9, PodgroupEnable 11 (Phases and B) WD 03/018316
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15 When a nozzle fires, it takes approximately 100 Ts to refill. The nozzle cannot be
fired before this refill time has elapsed. This limits the fastest printing speed to 100 Ts per
line. In the high-speed print mode, the time to print a line is 100 Ts, so the time between
firing a nozzle from one line to the next matches the refill time. The low-speed print mode

~ is slower than this, so is also acceptable. _

20 -4 The firing of a4 nozzle also causés acoustic perturbations for a limited time ;vithin
the common ink reservoir of that nozzle's pod. The perturbations can interfere with the
firing of another nozzle within the same pod. Consequently, the firing of nozzles within a
pod should be offset from each other as long as possible. We therefore fire four nozzles
from a chromapod (one nozzle per color) and then move onto the next chromapod within

25  the podgroup.

In the low-speed printing mode the podgroups are fired separately. Thus the 5
chromapods within both podgroups must all fire before the first chromapod fires again,
totalling 10 x 2 T cycles. Consequently each pod is fired once per 20 Ts.

In the high-speed printing mode, the podgroups are fired together. Thus the 5

30  chromapods within a single podgroups must all fire before the first chromapod fires again,

totalling 5 x 2 T cycles. Consequently each pod is fired once per 10 Ts.

and B) 30 ChromapodSel ect 3,
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interférence is mninmal in both cases. 5 6.1.3 Feedback fromthe Printhead
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15 e Tsense  informs the controller how hot the printhead is. This allows the controller to
adjust timing of firing pulses, since temperature affects the viscosity of the ink.
e Vsense  informs the controller how much voltage is available to the actuator. This
allows the controller to compensate for a flat battery or high voltage source by adjusting
the pulse width.
20 e Rsense informs the controller of the resistivity (Ohms per square) of the actuator
heater. This allows the controller to adjust the pulse Widths to maintain a constant
energy irrespective of the heater resistivity.
e Wsense informs the controller of the width of the critical part of the heater, which
may vary up to = 5% due to lithographic and etching variations. This allows the

25 controller to adjust the pulse width appropriately.

6.1.4 Preheat Cycle
The printing process has a strong tendency to stay at the equilibrium temperature.
To ensure that the first section of the printed photograph has a consistent dot size, the
30  equilibrium temperature must be met before printing any dots. This is accomplished via a

preheat cycle.
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all nozzles with is (i.e. setting all nozzles to fire), and a nunber of
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firing sequence as andard Print Cycle. The nunber of tines that
In order to reduce the chances of nozzles becoming clogged, a cleaning cycie can e

undertaken before each print job. Each nozzle is fired a number of times into an absorbent
I5  sponge.

The cleaning cycle involves a single Load Cycle to all nozzles with 1s (i.e. setting
all nozzles to fire), and a number of firing pulses to each nozzle. The nozzles are cleaned
via the same nozzle firing sequence as a standard Print Cycle. The number of times that
each nozzle is fired depends upon the ink composition and the time that the printer has been

20  idle. As with preheat, the cleaning cycle has no effect on printer performance.

6.1.6 Printhead Interface Summary

A single 4-inch printhead has the connections shown in Table 1 1:



each nozzle is fired depends upon the ink conmposition and the tinme that the
printer has been 20 idle. As with preheat, the cleaning cycle has. no

ef fect onwprasntssne performance. 6.1.6 Printhead |nterface pSuvamepiokosi ngl e
4-inch prnthead has the connections sisown in Table 11: WO 03/018316

PCT/ AU02/ 01060 38 FABLE 11 Four-inch Printhead Connections Nane #Pins
Description ChromapodSel ec 3 Sel ect which chromapod wll fire (0-4) t
Nozzl eSel ect 4 Sel ect which nozzle fromthe pod will fire (0-9)
PodgroupEnabIe 2 Enable t he podgroups to flre (ch0|ce of : 01 10, 11)

AEnabl e 1 e 1Ot Erabte—t—Fi++ a1®) pun se—fof
phasegroupfé'l%'_%}gl n %“rﬂ“chp&{)Qiéﬁdﬁg ‘[‘“et°§°B§/an shift register of segpents
0-7 MDat gl n[ ONam& Magenfpgnd Mput To magenta pRidiptlond! Ster of segmepts 0-7
YDatal n[0-{7] _8 Yellow ijnput tqg yellow shift reqi ster of segnents 0-7

KDat al n[ 0-{7Ch®rBipedieleqipdt t o |bBelekt vaticl thromgpat il fife (Belynent s 0- 7 BRA ock
1 A pul se OF SRO ock (ShiftRedi sterCd ock) |oads the current values ffom
7

Chat al n[ O- Mbatal n[O-7], YDataln[O-7] and KDataln[O0-7] into the B2
shift redi sigrigselE” ansher T Pagaldvilich AR Gom e H&F\@xlﬂf‘h‘ér@wfsm t
regi sters the interinal NozzleEnable bits (one per nozzle).
SenseSegSeI Bodgrmuliﬁrmblese 2o0n Se nEeﬁég&eqioégxbupd\lDefde\(\altdrnedﬁt@l aa, 11¢hat al n[ n]
sel ect s t he—sense—+res—f-or—segpent—h—W0-03/-018316PCH-AJ02/01060—39
Tsense 1 Te r%éf"él?ur e sende F‘““g pulse for phasegroup A
BEnable 1 Firing pulse for phasegroup B
CDataln[0-7] 8 Cyan input to cyan shift register of segments 0-7
MDataln[0-7] 8 Magenta input to magenta shift register of segments 0-7
YDataln[0-7] 8 Yellow input to yellow shift register of segments 0-7
KDataln[0-7] 8 Black input to black shift register of segments 0-7
SRClock 1 A pulse on SRClock (ShiftRegisterClock) loads the
current values from CDataln[0-7], MDataln[0-7],
YDataln[0-71 and KDataIn[0-7] into the 32 shift
registers.
PTransfer 1 Parallel transfer of data from the shift registers to the
internal
NozzleEnable bits (one per nozzle).
SenseSegSelect | ‘1 - A pul"se on SenseSegSelect ANDed with data on

CDataln[n] selects the sense lines for segment n.




Vsense 1

Vol t age sense Rsense 1 Resistivity sense W.ense 1 Wdth sense

Logic GND 1 Logic ground Logic PAWR I Logic power V- Bus Actuator G ound
bars V+ Wwotwatssie Power TOTAL 52 Internal to the 4-inch pdmuteathcoeach
segnent has the connections to the bad pads shown in Table 12: WO
03/018316 PCT/ AU02/ 01060 40 CABLE 12 Four Inch Printhead Internal Segnent
Connections Nanme #Pins Description Chromapod 3 Sel ect which chromapod
will fire (0-4) Select NozzleSel ect 4 Sel ect which nozzle fromthe pod
will fire (0-9) PodgroupEnable 2 Enable the podgroups to fire (choice of:
01, 10, 11) AEnabI e 1 F| ring pulse for podgroup A BEnable 1 Firing pul se

for pOdng Cbhat-alr r Cyatp f 00— cul shif+ |Cg| Ster Mpatatr 1
Magent a i rpﬂ?enf‘b magent|a' shi f 4 T"éﬁ?@i‘t@?e S¥Sataln 1 Yellow i nput to yfellow
shift regi[S{gl e KOatal | { Bl a¢kyhipidkela brack shift register SRCIock | A
pul se on $RC ocf< (Shi f t|Reqi st =rC % | oads the current values from
CDhat al n, NDBtamk®i, YDat gl h and| Ké&adtaitpsemsto the 4 shift registers.
PTr ansf er H—Parallel tHansferfof data fromthe shiftregisters to the

Logic GND 1 Logic ground

Logic PWR I Logic power

V- Bus Actuator Ground

bars
V+ Actuator Power
TOTAL 52

Internal to the 4-inch printhead, each segment has the connections to the bond pads

shown in Table 12:



Nozzl eEnabl e bits (one per nozzle). SenseSegSelect 1 A pulse on
SenseSegSel ect ANDed with data on CDataln selects the sense lines for this
segrment . Weanmesslic Tenper at ure sense Vsense 1 Vol t age sen®PeT/ARIe08080 1
Resistivity sense Wense | Wdth senwe Logic G\ND 1 Logic ground Logic
PWR 1 Logic power V- 21 Actuator G ound V+ 21 Actuator Power TOTAL 66 (66
X 8 segnents = 528 for all segnents) WO 03/018316 PCT/ AU02/ 01060 41 6.2
8-inch Printhead Considerations An 8-inch Menjet printhead is sinply two
4-inch printheads physically placed toget her. The pri nt heads are wired

t oget her Y gon that—the—nurber of
pins from xE‘E‘?ﬂ% Iflé'iz'ﬁth dﬁlg&a!ﬁ%}g@ﬂﬁ ‘{‘WSC‘[“M printheads an 5
print simjltaneausd V- BHpRe of detal I's muspeRpiptigAsi dered because| of
this. 6.2.|1 Connectiond Sincelfiring of nozzles fromthe two printheads
occurs si muChwmepad| y, |t Be Gr&h@Mﬁéi@n@maMMillefSel(@éb AEnabl e ahnd
BEnabl e I|I§ z%re shargd. For |loading the 10 printheads with data, fhe 32
lines of (DAY'&'n, MDatdln, YDataln and KDataln are shared, and 2 different
SRA ock | i|ngp, AbSeistsed [Tq det er ppg mmzereﬁ&ﬁtle%dwu rre@@ﬁ 1§ Tp be

| oaded. Alsingle PTrandfer pullse is used to transfer the | oaded datajinto
t he Nozzl eEHadtgrQUmeabb f 8r bot{hEpatilathh@adgroui toifirakdhpjcetdie0 [T$@nde, Msense,

AMoancao

r
Rsense, artd H-Ags—at+e s“"'c \M—(—h—O%——SeneeEﬁa-bm—l—l—nes—t—e——
di sti ngui S hAgéf"?AEen thd two pri Rirmg 2ise Frposiauashr e the two 4-i nch

print heady gRaLK.al I cdnpecti gn ) d— SenseEnabl e. These two
r Fgfr%)é R)h pri ngﬁlﬁgc

connections_are repeatgd. oncd ac The actual conneptions
are shown |h€bDatalm Tabl g 13: Cyan input to cyan shift register

MDataln 1 Magenta input to magenta shift register

YDataln 1 Yellow input to yellow shift register

KDataln 1 Black input to black shift register

SRClock 1 A pulse on SRClock (ShiftRe.gisterClock) loads the

current values from CDataln, MDataln, YDataln and

KDataln into the 4 shift registers.

PTransfer 1 Parallel transfer of data from the shift registers to the
internal

NozzleEnable bits (one per nozzle).

SenseSegSelect | 1 A pulse on SenseSegSelect ANDed with data on
| CDataln selects the sense lines for this 'eegment.‘ '
Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense
Wsense | Width sense
Logic GND I Logic ground
Logic PWR 1 Logic power
V- 21 Actuator Ground
V+ 21 Actuator Power

TOTAL 66 (66 x 8 segments = 528 for all segments)




WO 03/018316 PCT/ AU02/ 01060 42 FABLE 13 8-inch Printhead Connections Nane
#Pi ns Description Chronpod Sel ect 3 Sel ect which chromapod will fire (0-4)
Nozzl eSel woto3A18eé ect whi ch nozzle fromthe pod wll firePC@/A)02/01060

Podgr oupEnabl e 2 Enabl e t he podgroupstito fire (choice of: 01, 10, 11)
AEnable 1 Firing pul se for podgroup A BEnable 1 Firing pulse for podgroup B
CDatal n[0-7] 8 Cyan input to cyan shift register of segnents 0-7

MDat al n[ 0-7] 8 Magenta input to magenta shift register of segnments 0-7
YDatal n[0-7] 8 Yellow input to yellow shift register of segnents 0-7
KDat al n[ O- ift register of segments 0-7

SRd ockl[ g}i pu?gg&g%ﬁ %E@“?@E’Qﬁh" ggl sterCl ock) | oads the current val ues
from CDat al n[ 0- Xh 3-iMdeMeahidt @riithead ¥Barhplyniv0-44hctaptntidxals phydi@ilylpldced o t he 32
shift regi SteL for 4-inch pri n(ihead 1. SRCl ock2 1 A pulse on SRCO ock

( Shi f t Regi 98N} EEW“%‘% afen‘élre @g?téﬁrtawéherégnwaﬁﬁnmtcanmc@m in order

MDat al n[ O- S

for 4-i ncht?lplgtrtlh %(E@@g%ﬂg%%]ﬁﬁgfcwl%% gﬁ e Egte?gh@ a@%e?@%gbgfhﬁomﬁ

shi ft riegipimssnilanedusly. Amunbealof Mgzild mEsidblconddddred amaasepdthinozzl e) .
SenseSegSel ectl 1 A pulse on 4-inch printhead 1's SenseSegSel ect |ine

ANDed with data on CDataln[n] selects the sense lines for segnent n.
SenseSegSe§.2at 2cdndecAbhse on 4-inch printhead 2's SenseSegSel ect |ine

ANDed wi th data on CbDat al n[nl] selects the sense lines for segnent n.
Since firing of nozzles from the two printheads occurs simultaneously, the

ChromapodSelect, NozzleSelect, AEnable and BEnable lines are shared. For loading the

10 prnintheads with data, the 32 lines of CDataln, MDataln, YDataln and KDataln are shared,
and 2 different SRClock lines are used to determine which of the two printheads is to be
loaded. A single PTransfer pulse is used to transfer the loaded data into the NozzleEnable
bits for both printheads. Similarly, the Tsense, Vsense, Rsense, and Wsense lines are
shared, with 2 SenseEnable lines to distinguish between the two printheads.

15 Therefore the two 4-inch printheads share all connections except SRClock and
SenseEnable. These two connections are repeated, once for each printhead. The actual

connections are shown here in Table 13:



Tsense | Tenperature sense

sense WO 03/ 018316 PCT/ AU02/ 01060 43 Wense |

Logi ¢ gr owod3/0ks3gé c PR |
Act uat or Power

Logi

printed as fast as a 4-inch w

data to transfer to the 2 printheads before the next

Vsense 1 Vol tage sense Rsense 1 Resistivity
Wdth sense Logic G\D 1
c power V- Bus Actuator G owad/AUm08060V+

an 8-inch wi de inmage t

de i mage. However, there is twce

TOTAL 54 6.2.2 Tim ngi2The joining of two 4-inch printheads
and wiring of appropriate connections enabl es

0 be

5 as nuch
| ine can be printed.

Dependi ng on the desired speed for the out put |mage to be pr| nt ed, data
must be ¢ ectiBh e e kieep
up. 6.2.% Wb‘f& %n5|der the timng of printing an
8" x 12" page NHmé secongpinsl h order to pri nj)e;“_r}éﬁ,op,age I'n 2 seconds|, the
8-inch printhead must print 19,200 lines (12 x Roundi ng up to
20, 000 |i peShriompad Seleonds yi el Belat Whroda chrcmmpoﬂ w:|10®1r¢ €-4A si ngl e Print
Cycl e andla—st+hgle—toat—COyeler—must -
addi ti on, QNW%CE?&T prbcess egFFeéF ng}‘ “SZ%Iﬁeroﬁ} ‘hﬁtpﬂ%éf’dl ©-Pove t hel paper
an appropi | Hhbje |12 FT Ol 1pcé 4d b Ble Rhoikk 601 IF 117§ 9N~ Sjpeed
print node la(h%g\%gga zf?i nch pii Y h P gg%lﬂ%t ane gn‘t)ll re line’ |nj 100 [Ts.
Bot h 4-i n¢hABrabi heads [nust t 1e1?1ﬁﬁg)pﬁsd3&>r|pu@grbnp Ahi gh-speed print node to
print Simllf:\nnnncl\l Therefote 512 nozzles fire per f!r!nn n||| se; fhereby
enabl i ng { BERIGting of lan 8; |If15ﬁgpllllﬁ%f%?9%fﬁuﬁﬁe speC|f|ed time. The 800
SRC ock pt thrdgTch It GK rpRsferring 32
20 bits) n¢ue?aa1tiol?§)ake pl ace wit %ilﬁﬁﬁﬁéc%ggﬁ#t {éfgﬁ'e tolPEH Ink Oggth
print heads mmetdig@dad $i &ul t a1 Magenta input to magenta shift register of segments 0-7
YDataln[0-7] 8 Yellow input to yellow shift register of segments 0-7
KDataln[0-7] 8 Black input to black shift register of segments 0-7
SRClockl1 1 | A pulse on SRClock (ShiftRegisterClock) loads the
current values from CDataln[0-7], MDataln[0-7],
YDataln[0-7] and KDataln[0-7] into the 32 shift registers
for 4-inch printhead 1.
SRClock2 1 A pulse on SRClock (ShiftRegisterClock) loads the
current values from CDataln[0-7], MDataln[0-7]
YDataIn[0-7] and KDataln[0-7] into the 32 shift registers
_ for 4-inch printhead 2. .
PTransfer: 1. Parallel transfer of data from the shift registers to the
internal
NozzleEnable bits (one per nozzle).
SenseSegSelectl | 1 A pulse on 4-inch printhead 1’s SenseSegSelect line
ANDed with data on CDataln[n] selects the sense lines
for segment n.
SenseSegSelect2 | 1 A pulse on 4-inch printhead 2’s SenseSegSelect line
ANDed with data on CDataln[n] selects the sense lines
for segment n.
Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense




neously (64 data lines), the length of an SRC ock pul se cannot exceed 100
Ts / 800 = 125 nanoseconds, indicating that the printhead nust be cl ocked
at 8MHz. Wb mhessiswo printheads are |oaded one at a tinme @P82/Ahanedodat a
lines), the length of an SRC ock pul s8 cannot exceed 100 Ts / 1600 = 62.5
nanoseconds. The printhead nust therefore be clocked at WD 03/018316

PCT/ AU02/ 01060 44 16MHz. In both instances, the average tine to calcul ate
each bit value (for each of the 51,200 nozzles) nust not exceed 100 Ts /
51,200 = 2 nanoseconds. This reqU|res a dot generator runni ng at one of
the fol | owT eeds—5 500t et attng—t—bit—{dot)—per—eyete—250 Mz
generati ng §H%mgs (dots lper c;ﬁpéﬂ MHz generating 4 bits (dots) |per
cycle 10 |/ 1Bgicng®D Confriol T'er ioé;cphhﬂ&ier ControllTer Architecture The
printer controller consjsts of| the IPLLﬂt central processor (ICP) chip 83,
a 64MBit |RDRMBYR and ﬂhe mas Legic @awehi p 85 as shown in Figure 8. The

| CP 83 con nS—a—geferpl=purgoge—proece SSof—3139—and—a—set—of

pur pose-sp §{f|c 15 fumé% onalﬁﬁﬂﬁ t% ol l ed by the processor viafithe
processor pus, as shown| iyasFi qure 17. Only three functional units are
non- st and expander 140, the halftoner/conpositor 141, and

the printhead interface| 142 whi detwaamtPovles t he Menjet printhead. Sof ffware

runni ng on ﬁeef Hrat-es—the—varous—funeti-enral—uni-ts to-120
iaagnd priné paggs. This is described*in the.next section. The

receive, ex
various functional units of the |ICP are described in subsequent sections.
7.2 Page Expansion and Printing Page expansion and printing proceeds as
fol l ows. A6ga@geTdwbrription is received 25 fromthe host via the USB
interface 146 IS sto ed menory.. main. nmenory is

odt catod Lo pabte STREGE N orkieR BaR BT Y B LR T e 1088 AN UESINE,
or one pages.thiwideMBage b bb REnkast AL 25R% WROERaROHoRXCEeMERYs 3MB, t hen
the printer operates in streanming node - i.e. it prints one page wh fe
recei vi 5ng thauetedata tq transfes thihs 2 printheads before the next line can be printed. Dependmg

on the desired speed for the output image to be printed, data must be generated and

transferred at appropriate speeds in order to keep up.

6.2.2.1  Example

10 As an example, consider the timing of printing an 8” x 12” page in 2 seconds. In
order to print this page in 2 seconds, the 8-inch printhead must print 19,200 lines (12 x
1600). Rounding up to 20,000 lines in 2 seconds yields a line time of 100 Ts. A single Print
Cycle and Z'iv single Load Cycle must both finish within this time. In addition, a physical :
process external to the printhead must move the paper an appropriate amount.

15 From the printing point of view, the high-speed print mode allows a 4-inch
printhead to print an entire line in 100 Ts. Both 4-inch printheads must therefore be run in
high-speed print mode to print simultaneously. Therefore 512 nozzles fire per firing pulse,
thereby enabling the printing of an 8-inch line within the specified time.

The 800 SRClock pulses to both 4-inch printheads (each clock pulse transferring 32

20 bits) must also take place within the 100 T line time. If both printheads are loaded simulta-
neously (64 data lines), the length of an SRClock pulse cannot exceed 100 Ts / 800 = 125
nanoseconds, indicating that the printhead must be clocked at 8MHz. If the two pnntheads
are loaded one at a time (32 shared data lines), the length of an SRClock pulse cannot

exceed 100 Ts/ 1600 = 62.5 nanoseconds. The printhead must therefore be clocked at



gener ates pages exceeding 3MB, then the printer operates in single-page
node - i.e. it 30 receives each page and prints it before receiving the
next. |f we3slbostec generates. pages exceeding 6MB then thegTax@oejeect ed by
the printer. In practice the printer driver prevents this from happening.
WO 03/018316 PCT/ AU02/ 01060 45 A page consists of two parts - the bi-|evel
bl ack | ayer, and the contone |ayer. These are conpressed in distinct
formats - the bi-level black layer in EDRL format, the contone Ilayer in
JPEG format. The first stage of page expansion consists of deconpressing

the two Hgg@flz? 1 Potﬁj%s%r{gg{ thelAVer i:'ti'm%"tS'cal'cé‘%%reggﬁ?ﬁg&?gg&?gazcg%f?h6e by the

EDRL expa uni 'he” cont’one 1ayer oder 143. The
second st age00fnopAes nuspAGtSEx0EedCIONSTisI153,200 ahdrbestionds. Thistrbquigeatdene CMYK
data to bi-level CWK, and then conpositing 17 the bi-level black |ayer
over the Igen¢raiperunnagya opgglethe fatkavipgpieedsii ng and conpositing is carried
out by the halftoner/conpositor wunit 141. 10 Finally, the conposited
bi-level CMWK image is printed 18 via the printhead interface unit 142,

whi ch gonter 0@ M, dpBiaghg PhitTihepeh.cyBecause the Menjet printhead prints at
hi gh speed, theNg?per must nove past the printhead at a constant velocity.
| f the paper23G&Mdizgspenttingédils (dotar exglt be fed to the printhead fast

enough, then yvisible pri.nti irreqgularjties will occur. It is therefore 15
inportantﬁxﬁ%%@@i%%ﬁgﬁbg$éggfh%ﬁﬁ WS to the printhead interface at the
required rate. A fully-expanded 1600 dpi bi-Ilevel CWK page has a size of

114. 3MB. Because it is inpractical to store an expanded page in printer
menory, each page is expanded in real time during printing. Thus the

vari o stages sion and printing are pipelined. The page
expansion and printing data ow Is described in Table 14. The aggregate
Yp StA q #}Entgﬁ@%ng%pa“fl A bad A .

traffic 20.1 o/ fRrinterr@ontriolemAychifectuifd B/ s is well within the capabilities
of current technol ogies such as Ranmbus, WO 03/018316 PCI/AU02/ 01060 46
ABLE 14 Page exp&ringi camrlisy Fomsistpoidhe &'rnf geptral processor (ICP) chip 83, a

64MBit RDRAM 82, and the master QA chip 85, as shown in Figure 8.
The ICP 83 contains a general-purpose processor 139 and a set of purpose-specific
15 functional units controlled by the processor via the processor bus, as shown in Figure 17.
Only three functional units are non-standard - the EDRL expander 140, the
halftoner/compositor 141, and the printhead interface 142 which controls the Memjet
printhead. o
Software running on the processor coordinates the various functional units to
20  receive, ex_pand and print pag'es. This is described in the next section. |

The various functional units of the ICP are described in subsequent sections.

7.2  Page Expansion and Printing
Page expansion and printing proceeds as follows. A page description is received

25  from the host via the USB interface 146 and is stored in main memory. 6MB of main
memory 1s dedicated to page storage. This can hold two pages each not exceeding 3MB, or
one page up to 6MB. If the host generates pages not exceeding 3MB, then the printer
operates in streaming mode - i.e. it prints one page while receiving the next. If the host
generates pages exceeding 3MB, then the printer operates in single-page mode - i.¢. it

30  receives each page and prints it before receiving the next. If the host generates pages
exceeding 6MB then they are rejected by the printer. In practice the printer driver prevents

this from happening.
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the contone layer 14 by the JPEG decoder 143.

The second stage of page expansion consists of halftoning 15 the contone CMYK
data to bi-level CMYK, and then compositing 17 the bi-level black layer over the bi-level
CMYK layer. The halftoning and compositing is carried out by the halftoner/compositor
unit 141.

Finally, the composited bi-level CMYK image is printed 18 via the printhead
interface unit 142, which-contrels the Memijet printhead.

Because the Memjet printhead prints at high speed, the paper must move past the
printhead at a constant velocity. If the paper is stopped because data can’t be fed to the
printhead fast enough, then visible printing irregularities will occur. It is therefore
important to transfer bi-level CMYK data to the printhead interface at the required rate.

A fully-expanded 1600 dpi bi-level CMYK page has a size of 114.3MB. Because it
is impractical to store an expanded page in printer memory, cach page is expanded in real
time during printing. Thus the various stages of page expansion and printing are pipelined.

The page expansion and printing data flow is described in Table 14. The aggregate traffic

to/from main memory of 174MB/s is well within the capabiliti¢s of current technologies = -

such as Rambus.
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47 of the consuner.

Tabl e 15.

The

The inter-stage main nenory buffers are described in
aggregate buffer space usage of 6.3MB | eaves 1.7MB free for

program cwoa3anssiecrat ch menory (out of the 8MB avail abl ecT/AtABLEBS Page
expansion and printing main menory buféf ers buffer organisation nunber

buf f er

and line size of
6MB 146 (one or two pages) contone CWK buffer 32-bit

i nes size

conpressed page buffer byte stream -
interl eaved CMYK 8 x

2 = 16 134KB 147 (267 ppi x 8" x 32 = 8.3KB) bi-level K buffer 1-bit K1 X
2 2 3KB 148 (800 dpi x 8" x 1 = 1.5KB) bi-level CWK buffer 4-bit planar
odd/ even Z#ABIE 14 1oP i ; Ipl; X 8 X4=6.3KBj—6.3MB 5 The
overall data flow, i%@Lﬁlnqméygﬁgﬁerg&$ﬁﬁﬁ%??gted in Figure 18. Contone
page deconpresssi orfinpat cafimped out dtpitheoutplc decdidpit dd. Jodtpltawel |page
deconpression is garried|qQut by the EDRL expander [140. Hal {toni ng and
conpositing is 10 |carri ef"BeRW by the hallVid@¥ / cofpositor unit 141. |These
functional [ "PRELS gre despribed T n|T{pgq f[o| T OW g gectTons: 7r§§{/51€3
Approach Bach fungtional |unit contalns gne or nore on-chip|input ‘and/ or
out put FI RCsont&mct] 15 F|FO is al loeeted a separatle- channel 3.3Mphe
mul ti - chanrel—BMAteontroter—144-—The DNMA— controlfl er 144 handl es
si ngl e- addr BS€VPat|her thar doubl e{ dddREdsltransferns; and sp p?M¥Pides a
separat e rlegugsty gcknow pdge intefface flor each channel. WO 8316
PCT/ AU02/ {1060 48 " R
decompre! JPEG | - 32-bit | 8 1.5SMB/s 13MB/s
sS stream CMY 3.3Mp/s 3.3Mp/s
contone K
decompre| EDRL | - I-bit K| 1 1.5MB/s 14MB/s
ss bi- stream 30Mp/s* 120Mp/s
level
halftone | 32-bit | 1 -° - 13MB/s | -
CMYK 3.3Mp/s"
composit | 1-bit 1 4-bit 1 14MB/s 57TMB/s
e K CMY 120Mp/s 120Mp/s
K
print 4-bit | 24, 1¢ - - 57MB/s | -
CMYK] 120Mp/s | -
8TMB/s 8TMB/s
174MB/s

b

them

C

d

800 dp1 = 1600 dpi (2 x 2 expansion)

267 ppi = 1600 dpi (6 x 6 expansion)

Needs a window of 24 lines, but only advances | line

halftone combines with composite, so there is no external data flow between

Each stage communicates with the next via a shared FIFO in main memory. Each

FIFO is organised into lines, and the minimum size (in lines) of‘each FIFO is designéd to

accommodate the output window (in lines) of the producer and the input window (in lines)



Each functional unit stalls gracefully whenever an input FIFO is exhausted
or an output FIFOis filled. The processor 139 prograns each DVA transfer.
The DVA cwotisohd3eé 144 generates the address for each wordTofuochesdr ansf er
on request fromthe functional unit 5t7connected to the channel. The
functional unit latches the word onto or off the data bus 145 when its
request is acknow edged by the DVA controller 144. The DVA controller 144
interrupts the processor 139 when the transfer is conplete, thus allow ng
the processor 139 to program another transfer on the sane channel in a
Limely T asg flcorsmNRe Miel dBRhAR G5y biffeliald dREAPAM TN [30fnd r ans! er
on a channel as soon as t he correspondi ng nmai n nenor Is avail abl e
(i.e. non- @gp&gptefmxffeaspaeadsagnoﬁéﬁMB lfames a7 Mibr fir¢eefor pr'blgemgcmiwharscrhmhof
channel servi Ci (g Hgtph % e the DVA controller 144 depends sonmewhat
on the | at BREY™ it N ab_L%) 7.2.2 EDRL Expander The EDRL expander
unit (EEU) 140, shown in Figure 19, deconpresses an EDRL- conpressed
bi-level image. The input to the EEU is an EDRL bhitstream 150. The out put
fromthe EEl!IAlltlJéléePagem‘prnswleaeﬂ primdiog mamenem&ﬂy bwféaked horizontally
fromthe rreselutien—of—the xP panded uu,+evC! 0—rage b‘y’fﬂn integer scale
factor to {1600 dpﬁ’“ff‘f')'nce started "t"ﬁ%“‘@ﬂ?“proceeds“'ﬁ‘i‘ﬁﬁ?'f it d’é‘lf Ets|an
end- of -page code in the EDRL bitsjjegmesifd unti|l biihes €XPli gz ;é $t opped
via its cqntrol register. The EEUrelies on an explicit page wdth to
decode thed bompiteswdpagdhiffernust bebytarsiredren to tlhe page \ dt h6MBgi ser 152
prior to gtarting EEU. 25 The scali n of, thg expanded bi-I|evel ijmage
relies on |an eprngt9 scal g factg’Peorl'm’% agilst He writteh to the scale
factor register 153 prior tp starting the EEU. W 03/018316 PCT/ AU0O2/ 01060
49 FABLE 16 EDRI expander clontrol and configuratlion registers register

wi dt h desdr igoniooa CMYKrhuffer St $2tbit interlemgd CMYK | 8x2=16 134KB

147 (267 ppi x 8” x 32 = 8.3KB)
bi-level K buffer I-bit K Ix2=2 3KB
148 (800 dpi x 8” x 1 = 1.5KB)
bi-level CMYK buffer 4-bit planar odd/even 24+ 1 = 156KB
149 CMYK 25

(1600 dpi x 8’ x4 = 6.3KB)

6.3MB

The errall data flow, including FIFOs, is illustrated in Fi gure 18.

Contone page decompression is carried out by the JPEG decoder 143. Bi-level page
decompression is carned out by the EDRL expander 140. Halftoning and compositing is
10 carried out by the halftoner/compositor unit 141. These functional units are described in the

following sections.

7.2.1 DMA Approach
Each functional unit contains one or more on-chip input and/or output FIFOs. Each
15 FIFO is allocated a separate channel in the multi-channel DMA controller 144. The DMA
controller 144 handles single-address rather than double-address transfers, and so provides

a separate request/acknowledge interface for each channel.



stop 1 Stop the EEU. page width 13 Page wi dth used during decoding to

detect end-of- line. scale factor 4 Scale factor used during scaling of
expanded woegi1s3idhe EDRL conpression format is descri bed picr/ASseniosn 5. 2. 3.
It represents a bi-level image in tewns of its edges. Each edge in each

line is coded relative to an edge in the 5 previous line, or relative to
the previous edge in the sane line. No matter howit is coded, each edge
is ultimtely decoded to its distance fromthe previous edge in the sane
line. This distance, or runlength, is then decoded to the string of one

bits or zero bi ge The
deconpr essi on alﬁécg\rlypltlﬁir%nﬁ {slﬁg{sg%%ggr ¥ newerngeég% Fonﬁl g g g Se%ilgvﬁhdr

consi st s ofutputdiltetis 6Hed.decoder 154, a state nmchi ne 155, edge cal cuI atl on
| ogic 156, two nl engt coders 15 158 runlen th (re)encoder
159. The bitstr g f88%8%reg5 PEORTATE G s&gﬂ‘ Feéaﬁ‘ 4 fromthe
bi t st r eam gehafhiRARS hdrbds f6RabNQ/0fd 6t Be PRI r&?&st 08 & f%@nﬁi?m V\,Ee 155

returns the size. of the codeword to the bitst ecoder
al | ows I hecaegiadro the ghanpehdbe figstionnl uhie lachen éhet ward dawoochff tha dhdaebusas@ of a

create edg ses tr decoder, to
ext ract th‘gh%nogsrlee B%Sﬁ acg“ Mn?%eﬁ(ﬁyﬁhef ﬁg?#fﬂ‘em%{;’f ézﬂ é@‘ﬁ\lﬁ\%g‘]ecogfr f’é Itdchi ne
control s tinere@gahe proeedsat i Bwhathe vanderis Bérﬁﬂ%hth‘d@ﬁ@éimg/ﬂ?él%é’ésw 138
defined in Table 18. The edge calculation logic is quite Sinp

current edGPresrREnothsr trmsigs o hotame qhaarad ireadeiplvdashiour rent (COdI ng) | i nes
are nai nt ai ned eBQ;% fh@ e(%g&%ele, gr%%aﬁ]g tiIeGQra '}grozzpch%% 8 L ister 161

respecti vel Y. run assocCl a a Crea ge code Ig (ﬂﬁput

di rectl0y tthe t:hreaspumdheggtal'm niemodeFIFO 1a|ada11aslea(dded>ntdm;it§nﬁ)r<huéz[d$ Abn- @Dl aA
delta code i.s.translated into a runlength by adding the associated delta to
t he refereWE‘E?)edge and subtracting the current edge The generat ed

runlength is OUT}EEJ%raﬁlﬁaﬁt@%f Ehﬁ”n@f‘&?ﬂcﬂ?%ﬁl}@ﬁﬁmedﬁp DvAdSGHof rlﬁge current

edge. The next runlength’is extracted e runlength enco 5 159 and
added to tmen@fsemmet@d@elaw.yoAM@ﬂ ineadge code sinply causes the current
WO 03/018316 PCT/ AU02/ 01060 50 reference edge to be skipped. Again the
next runlength is extracted fromthe runl ength

15 7.2.2 EDRL Expander
The EDRL expander unit (EEU) 140, shown in Figure 19, decompresses an EDRL-
compressed bi-level image.
The input to the EEU is an EDRL bitstream 150. The output from the EEU is a set
of bi-level image lines 151, scaled horizontally from the resolution of the expanded bi-level
.20 image by an integer scale factor to 1600 dpi. _
| Once sfarted, the EEU proceeds until it detects an end-of-pagé cede in the EDRL
bitstream, or until it is explicitly stopped via its control register.
The EEU relies on an explicit page width to decode the bitstream. This must be
written to the page width register 152 prior to starting the EEU.
25 The scaling of the expanded bi-level image relies on an explicit scale factor. This

must be written to the scale factor register 153 prior to starting the EEU.



encoder and added to the reference edge. Each tine the edge cal cul ation

| ogi ¢ 156 generates a runlength representing an edge, it is passed to the
runl engt hwoesmdsne. Whil e the runl ength decoder decodes t IP€vAID2I0010605
generates a stall signal to the statetmrachi ne. Since the runlength decoder
157 is slower than the edge calculation logic, there's not nuch point in
decoupling it. The expanded |ine accunulates in a line buffer 162 | arge
enough to hold an 8" 800 dpi line (800 bytes). The previously expanded
line is also buffered 163. It acts as a reference for the decoding of the
current line. The previous line is re-encoded as runl engths on demand. This
10 is | ess _expensive than buffering the decoded runi engths of the previous
l'ine, sinGEABIE 16r SEDREaEpahderaivmtdodahil configlratigh Redisterscach pi xel (Z0KB at
1600 dpi) .- Waile the runlength encoder 159 encodes the run it genergtes a
stall signal registere sf at ewitlthhi nd. The runl engtdﬁséﬁbﬁmr uses the page
w dth 152 of =t e —The(gu nt)—trmebuouffer—i62—=and—the
previ ous Ili & buf f er 65 are conga ?@Héﬁ%%ﬁghd managed as a single FIFO to
simplify tlhaod5 runlength encoderl $&3..h"lRERUENgth decoder 158 decodes |t he
output runlength to alline bufferq 164 large enough tao hold an 8" 1600 dpi
line (160Q pageesith Thé Funl engt h | pBagsevidthoused during deseting tad¢terignérofiedoder
is nmultipllfied by the g$cale factor 153, so this decoder produces 1600 ;dp
lines. Thd line is oufput scale flz8%r tines through the output pixel| FIFO
165. Thi s (agdale@sr 20 [the requi r adsygE facorusCAiring Gcdihg D BRpAded Mage.
replicatian__The FFU could be dedigned with edge smothing integrated into
its image scaling. A sinple snDothlng scheme based on. tenplate natching
can be very eff.gct | d t ne buffe t ween
the | owresol utt ﬁﬁﬁg%LBW»Fﬁmaﬁigaﬁf“éﬁ qﬁ%“%ﬁ%@?ﬂ é% { Bﬁmﬁuﬁagbﬁfqmould
el i m nat e ihfage it @hms 650 euirge@maémmg@ngbﬁbhdﬁ@qgeddedzaam t@?ab(aagé.%ﬁhe
PCT/AU02/01060 51 7.2.2.1 EDRL Stream Decoder The EDRL stream decoder 154,
i |l ust Pat d&revlﬁum@f)ér@mve &é%@é%wwmdé%yvb@a@ae ligpRfo makrsherdsisicadede

i nput bits t a
167bi t bar el C0rs iR gt RYh Pal R M e e KB I I OURT,

al i gned t dTIlas distance, or runlength, is then decoded to the string of one bits or zero bits which

represent the corresponding part of the image. The decompression algorithm is also defined
in Section 5.2.3.2.
10 The EEU consists of a bitstream decoder 154, a state machine 155, edge calculation
logic 156, two runlength decoders 157 and 158, and a runlength (re)encoder 159.
The bitstream decoder 154 decodes an entropy-coded codeword from the bitstream
- and passes it to the state machine 155. The state machine 155 returns the size of the
codeword to the bitstreami decoder 154, which allowé the decoder 154 tb adVance tb the
15 next codeword. In the case of a create edge code, the state machine 155 uses the bitstream
decoder to extract the corresponding runlength from the bitstream. The state machine
controls the edge calculation logic and runlength decoding/encoding as defined in Table 18.
The edge calculation logic is quite simple. The current edge offset in the previous
(reference) and current (coding) lines are maintained in the reference edge register 160 and
20 edge register 161 respectively. The runlength associated with a create edge code is output
directly to the runlength decoders, and is added to the current edge. A delta code is
translated into a runlength by adding the associated delta to the reference edge and
subtracting the current edge. The generated runlength is output to the runlength decoders,
and is added to the current edge. The next runlength is extracted from the runlength encoder

25 159 and added to the reference edge 160. A kill edge code simply causes the current



5 codeword boundary in the bitstream The decoder 169 connected to the
barrel shifter 168 decodes a codeword according to Table 17, and supplies
t he st at ewmachisses 155 with the correspondi ng code. FABLEPLT/ADRI1GHr eam
codeword decodi ng tabl e i nput codeword® out put code output code bit
patterna bit pattern [|xxx xxxx AO 1 0000 0000 A Ox xxxx A+l O 1000 0000
A Ix xxxx A-l 0 0100 0000 0010 xxxx kill edge 0O 0010 0000 001 1 xxxx
create near edge 0 0001 0000 0001 Oxxx A+2 00000 1000 0001 I x x x A-2 0
0000 0100 0000 Ixxx create far edge 0 0000 0010 0000 Ol x x end-of-page

(ECP) 0 001%@(3{9;%% éd%e?(t C&? pted flgéagraé‘g nggrgﬁfeﬁ%m éﬁ%&n&'gﬂﬁ frlo‘l]_’fli_’ er}urglgrl;%}rl] ?Ut puts

the length o e curr

codewor d bértcodérizngtddal tyitied xéfetrdfrEeredget codeword bit offset. The bit offset
in turn controlg %he barrel shifter 168. |f the codepword bit offset waps,
then the carry =% t“”&%&‘?reagescqlﬂ’éatloé‘t legir A g0 8encraies HBR{CNGITEPEFHHPE AR | nput

FI FO 166. &gt lms;,afsge@i&o bl Eninkh del:(f’tfe?shqqllfecfh@bﬁtn?en%th &ee‘deya@ dﬁ%gﬂeqyﬁ Rut Is
| at ched to byte It takes two cycles of length 87t ? e i nput
buffer.5 Thg@erasesraaauajl ggndbyo dearatd mgclsnabese ithe mhbngmaiaeodmdﬁﬂ isesiabes than
7.2.2.2 EDRL gx and . St.at.e chi ne V[$03/018 ?CT/A 2/ 01060, .52 The
EDRL expan@gf THOLUPSIE HEE SAOR PSR RONHR EFPIRg it Jhe £XRAAEHENG uni engt h

expansi on é&gmmatéa if @sﬂa@ BEferl rszq@@@%n&?mb hed ame”tsm dsPitke €00 %?@)dec oder
154. It supplies the EDRL stream decoder with the length of t current

codeword and supip previonsly cxppgded hng @@lsatHUEfnr elddéﬁclt agts hS 1 redergrdetfar thal ue
23o0ct 2 e LB St BeFE o D5 3P TRFLDS AR
10 1is less expensive than buffering the decoded runlengths of the previous line, since the worst
case is one 13-bit runlength for each pixel (20KB at 1600 dpi). While the runlength encoder
159 encodes the run it generates a stall signal to the state machine. The runlength encoder
uses the page width 152 to detect end-of-line. The (current) line buffer 162 and the
previous line buffer 163 are concatenated and managed as a single FIFO to simplify the
15  runlength encoder 159.

Runlength decoder 158 decodes the output runlength to a line buffer 164 large
enough to hold an 8” 1600 dpi line (1600 bytes). The runlength passed to this output
runlength decoder is multiplied by the scale factor 153, so this decoder produces 1600 dpi
lines. The line is output scale factor times through the output pi\(el FIFO 165. This achieves

20 the required vertical scalmg by simple lin€ replication. The EEU could be demgned with
edge smoothing integrated into its image scaling. A simple smoothing scheme based on
template-matching can be very effective [10]. This would require a multi-line buffer
between the low-resolution runlength decoder and the smooth scaling unit, but would
eliminate the high-resolution runlength decoder.

25



end-of-l1ine (EOQL) signal fromthe edge calculation logic. The state nachine
al so controls the nulti-cycle fetch of the runlength associated wth a
creat e edge oussic WO 03/ 018316 PCT/ AU02/ 01060 53 ABLE 18 PEDRUexpmnder
state machine input input current statle next state code delta actions
signal code len start - stopped starting 8 - - - starting idle 8 - - stop -
- stopped O - reset RL decoders and FIFGs EOL - - EOL 1 O - reset RL
encoder; reset RL decoders; reset ref. edge and edge - EOL 1 idle RL
encoder = ref. RL; ref. edge +=ref. RL DOidle idle 1 0 RL = edge - ref.

Cerer . motA3, S RDR sl ol TR0 ¢ TG S (a2 de e 4 2
- A-2 idl e idl ere ERBRL stream decoder 154, illustrated in Figure 20, decodes entropy-coded
EDRL codewords in the input bitstream. It uses a two-byte input buffer 167 viewed through
a 16-bit barrel shifter 168 whose left (most significant) edge is always aligned to a
5  codeword boundary in the bitstream. The decoder 169 connected to the barrel shifter 168
decodes a codeword according to Table 17, and supplies the state machine 155 with the

corresponding code.

TABLE 17 EDRL stream codeword decoding table
input codeword output code output code
bit pattern® bit pattern
IXXX XXXX AO 1 0000 0000
010x xxxx A+1 0 1000 0000
011X xxxx A-1 0 0100 0000
0010 xxxx kill edge 0 0010 0000
0011 xxxx create near edge 0 0001 0000
0001 Oxxx A+2 0 0000 1000
0001 lxxx A-2 0 0000 0100
0000 Ixxx | create far edge 00000 0010
0000 01xx end-of-page (EOP) - | 000000001
! x = don’t care

10 The state machine 155 in turn outputs the length of the code. This is added 170,
modulo-8, to the current codeword bit offset to yield the next codeword bit offset. The bit
offset in turn controls the barrel shifter 168. If the codeword bit offset wraps, then the carry
bit controls the latching of the next byte from the input FIFO 166. At this time byte 2 is
latched to byte 1, and the FIFO output is latched to byte 2. It takes two cycles of length 8 to

15 fill the input buffer. This is handled by starting states in the state machine 155.

7.2.2.2 EDRL Expander State Machine



kill idle idle 6 - RL encoder = edge ref. RL; ref. edge +=ref. RL create
idle create RL 1o 7 - reset create RL near 7 edge create idle create RL
hi 8 - - Wwarospissdge EOP idle stopped 8 - - - create RL mcTAAweeaie RL | 0
6 - latch create RL hi 6 7 - create®L |o 7 create edge 7 - latch create
RL 1o 7 - create edge idle 0 - RL = create RL; edge += R,; RL = RL
encoder WO 03/018316 PCT/ AU02/ 01060 54 7.2.2.3 Runlength Decoder The

runl engt h decoder 157/158, shown in Figure 21, expands a runlength into a
sequence of zero bits or one bits of the corresponding |ength in the output
stream The fir | or h run
is assuned to f%:;ﬁgg é@ﬁ%ﬁ?ﬁ@ngégﬁﬁﬁggﬁgnbﬁg&gfe é%@%é%? PQ%ﬂ rF:Eﬁlﬁrst

run i s acteshhyorblogizkin fespbmse td poddsReppliet byuisd EDRLpreasre decbdebys4a Itzsapphése ngt h
white run. The runl engt h decade keeg track of the current colo

i nt er nal | ythe BRI giree P &d Bides leagiheridre chrrpakeangrT ang %PP]:*FSttBe ¢d88 out put
stream eVGEaYculﬁ#oﬁQ{f%] Wﬂ|tﬁé1&glﬁsvaﬂfe%s§c§épit&13\lvﬂtl¥tl{é%hn§ﬂ defth € Tﬂylslra{epl e of 8,

and so runs ot her an the first in an image are typically not
byt e- al5 gnmdchlﬁ'd'laéscr espaids odear? apd stbplcumrohsrgnallsérolnythe copadeegiagi, aheéthel 80,

t he nunber o e i e byte currently being built. This is
initialiséﬂl‘yg 7§€X$H§“§éﬁv%ﬂﬁﬁgg%fﬁaﬁﬁﬁﬁﬂﬂg and on the output of every
byt e. The state machine also controls the multi-cycle fetch of the runlength associated

with a create edge code.



The decoder starts outputting a run of bits as soon as the next run |line

| at ches a non- zero value into the runlength register 181. The decoder

ef fecti velvgp ishadsie when the runlength 15 regi ster goes t@caexm2/ofenunber
of bits of the current color are shif®3ed into the output byte register 182
each clock. The current color is maintained in the 1-bit color register
183. The nunber of bits actually output is limted by the nunber of bits
left in the runlength, and by the nunber of spare bits left in the output
byte. The nunber of bits output is subtracted fromthe 20 runl ength and the

byt e spac e i ! U ¢ero it has beem conptetery
decoded, a ?ﬁ\%ﬁzggtﬁ@@f?‘??ﬁ@‘*‘%ﬁ?&?“ﬁ% run may still be in the outppt
byte regi st giput PRt NGuiehpsthte Mo stdie |bydde FeRA |goes toaa@md the ouf put
byte is full and|is appended to | the outpgut stfeam |[The 16-bit barrel
shifter 184sigede|60doUt byte regjster 182 d¢M the col or register 183 2p
t oget her impiEremt—an 8=t _shif rstgr—wr thTtan be st fted ot pte
bit positi ons%a every & Ggr\bp%_%h t Eé*@; gr 8‘3 —selrat—rpat—Fhe
external fesst_ling id uSBHNE rlocoldls ne |y yA) ehgth decoder at “the start] of
a line. Thet@xtermal [next -run | ndorr§dugedOt o requelst tBEEt Bocdsapdegs of
new runlength. 11 is |acconpanied by a runlength on |the exeed&Osr unl enpt h
lines. The MmO fun | ine shoul d nhoEOChel 30 sét on the sanesaRbodacadert he
reset ling. Becalise ngxt run invierts the|current collor, réeeRLesedderof t
color setg it tojone, {not zero. [The exterinal flush ljine ifsttsededge fl us
the last hyte of WO 03/018316 PQI/ AU02/ 03060 55 the run, ijfydieagonpl ete| It
can be usgd oM atTMe{bY-gAHI§ basTs; §jp yi[er d byte-afy gnethiglCe%Br%r omn} an
i mage basils to yileld @ byte-aligpned 1nagg. The|external reaﬁ %llu_ne

i ndi cat es |whet hey thejrunl ength decoder i|s reagly to [decode ron g
can be used-to -stlall tthe external logic. 15 7 212 4 Hunl

runl engt h [encodel] P89| shadls in Fi gifie 23, detect® af rBh otz efd: eleedne
bits in the inplt stqfeam The first run|in a |line ifs assune#ltto be white
(color 0).| Each fun i$ assuned fo be of |[the oppositie col edgd 6=Rils
predecessgr. If the first run is}actually black (coljor RL = RL decoder;

RL encoder =
ref. RL;
ref. edge +=ref. RL

—
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p=)
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D

- A+l idle idle 2 +1
- A-1 idle idle 3 -1 «
- A+2 idle idle 4 +2 “
- A-2 idle idle 5 2
- kill idle idle 6 - RL encoder =
edge . o ref. RL;
ref. edge +=ref. RL
- create idle create RLlo| 7 - reset create RL
near 7
edge
- create idle create RL hi} 8 - -
far 6
edge
- EOP idle stopped 8 - -
- - |create RL hi 6 [create RLlo| 6 - latch create RL hi 6
7
- - |create RL 1o 7 | create edge 7 - latch create RL lo 7
- - create edge idle 0 - RL =create RL,;

edge += RL;
RL = RL encoder




10 1), then the runlength encoder generates a zero-length white run at the
start of the line. The runlength decoder keeps track of the current col or

i nt ernal | wo oB@senl engt h encoder reads a maxi num of 8 bi tPeTfAwW@oLdwe | nput
streamevery clock. It uses a two-byi4e i nput buffer 190 viewed through a
16-bit barrel shifter 191 whose |left (nost significant) edge is al ways
aligned to the current position in the bitstream The 15 encoder 192
connected to the barrel shifter encodes an 8-bit (partial) runlength
according to Table 19. The encoder 192 uses the current color to recognise

runs of th ro The 8-bit runlength generated by the 8-bit
runl ength Zn?g%er%'lsrﬁéao%ﬁgie%detrhe value in the runlength register 193.

When the 8-bit Thatwkggth docddas7/68.0g0wa@sFighe ZBndxgndt heurdedgieiiio sun it
generates an end-qof-run signal. which is latched by the ready regi ster 194.
The 20 out§gyencsof g baféé?awf‘r@gﬁ qftthe coregponding lengtBdn theputpus streame ddedirtias

conpl et ed gnGAdiiRg it ACumEY orb%ru«mw %P@} ac RRAYTUBHERT td Pe bAfe LHYHEOL D
t

regi ster 193. The out put o he re regl ster I's al's0 US® o stall
the 8-t calot engtpredenessde if tli@ﬂrsths astuially Wdck (celos hithen it bktehegirbcedad oder
192 outputﬁazero | ength ru ero -of-ru gnal, effectively

stalling tRe2&HOIFREH White fyt ﬂhgﬁgﬂ%&i defgg?fi‘éﬂ@ tieg?(g)?g?ethqgm Yt h encoder

tabl e col Ofmérﬁzggg | ength end-of-run 0 0000 0000 8 0 O 0000 0001 7 1 O

0000 001x 6 1 0000 O I'xx 5 1 WD 03/018316 PCT/ AU02/ 01060 56 0 0000 I xxx

4 1 0 0001 xxx¥Xh@runlengthQiradexerpends 2 magir@imyof Rybxig td the ougpult stxsenxswexy 0 1 1

1111 1111 c8109k. Runlengths are typically not an integer multiple of 8, and so runs other than the first

10 in an image are typically not byte-aligned. The run decoder maintains, in the byte space

register 180, the number of bits available in the byte currently being built. This is initialised
to 8 at the beginning of decoding, and on the output of every byte.

The decoder starts outputting a run of bits as soon as the next run line latches a non-
zero value into the runlength register 181. The decoder effectively stalls when the runlength

15  register goes to zero.

A number of bits of the current color are shifted into the output byte register 182
each clock. The current color is maintained in the 1-bit color register 183. The number of
bits actually output is limited by the number of bits left in the runlength, and by the number
of spare bits left in the output byte. The number of bits output is subtracted from the

20 . runlength and the byte space. When the runlength goes to zero it has been completely .
| decoded, although the trailing b1ts of the run may still be in the output byte reglster
pending output. When the byte space goes to zero the output byte is full and is appended to
the output stream.

The 16-bit barrel shifter 184, the output byte register 182 and the color register 183

25  together implement an 8-bit shift register which can be shifted multiple bit positions every
clock, with the color as the serial input.

The external reset line 1s used to reset the runlength decoder at the start of a line.
The external next run line is used to request the decoding of a new runlength. It is
accompanied by a runlength on the external runlength lines. The next run line should not be

30  set on the same clock as the reset line. Because next run inverts the current color, the reset

of the color sets it to one, not zero. The external flush line is used to flush the last byte of



11111 1120 71 1 1111 1lox 6 1 1 11121 Oxx 51 1 11110xxx 4 1 1 1110
XXXxX 3 1 1 110x xxxx 2 1 1 [Oxx xxxx 1 1 1 Oxxx xxxx 0 1 The output of

t he 8- bi twowsloessgé h encoder 192 is limted by the remaini rgTRAagR/01060dt h.
The actual 8-bit runlength is subtracised fromthe remaining page w dth, and
is added 195 to the nodul 0-8 bit position used to control the barrel
shifter 191 and clock the byte 5 streaminput. The external reset line is
used to reset the runlength encoder at the start of a line. It resets the
current color and | atches the page wdth into the page width register. The

external ety §ifledbfifiel RcHR60uEA SIS ARALET [UM EACLALIBRLL B

runl engt h encoder I nver current col or e run?ength

regi ster amdarfmax@ybﬁﬂgtos;heldab]'fteeal@né@rm@e flush line is 10 used to flush
the last byte of the run, if inconplete. can be used on a line-by-Iline
basis to procet axeraaldeedyling mﬁhﬁggs WB?th%mh%xwmlma@ adsrds gegdyiogteedds 3

byt e- al i gngdcl,FRIR can u%ﬁ%@@ﬁﬁhh hb@@ i ndicates that the runlength
encoder is ready to enco run engt and that the current runlength is

avallable on the runlength lines. It can be used to stall the external
| ogi c. JBEG Decoder 03/018316 PCT/ AU02/ 01060 57 The JPEG
decoder %Z%S%owﬁ‘ﬁ“ll\e'ﬁ '@&P& , deconpresses a JPEG conpressed CMYK

contone Irrage meruhran%& ehodeh €59, PE@vﬁﬁPﬁgﬁfe 225 deted PRI RS GRe bIB 6n
output fromthe JPEG decoder is a set of contone CWK image lines. 5 \Wen

deconpr essthagnput siecadPEGe dies e in alinetie gssumed subp whitg (roldrd) flachref 188x8 pi xel

assumed to be of the opposite color to its predecessor. If the first run is actually black (color
10 1), then the runlength encoder generates a zero-length white run at the start of the line. The
runlength decoder keeps track of the current color internally.

The runlength encoder reads a maximum of 8 bits from the input stream every
clock. It uses a two-byte input buffer 190 viewed through a 16-bit barrel shifter 191 whose
left (most significant) edge is always aligned to the current position in the bitstream. The

15  encoder 192 connected to the barrel shifter encodes an 8-bit (partial) runlength according to
Table 19. The encoder 192 uses the current color to recognise runs of the appropriate color.

The 8-bit runlength generated by the 8-bit runlength encoder is added to the value in
the runlength register 193. When the 8-bit runlength encoder recognises the end of the
current run 1t generates an end-of-run signal which is latched by the ready register 194. The

20 output of the ready register 194 indicates that the encoder has completed encoding the
“current runlength, accurﬁulated in the runlength register 193. The output of the féédy
register 194 is also used to stall the 8-bit runlength encoder 192. When stalled the 8-bit
runlength encoder 192 outputs a zero-length run and a zero end-of-run signal, effectively
stalling the entire runlength encoder.

25

TABLE 19  8-bit runlength encoder table

color input " length end-of-run
0 0000 0000 8 0
0 0000 0001 7 1
0 0000 001x 6 |
0 0000 01xx 5 I
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The output of the 8-bit runlength encoder 192 is limited by the remaining page

width. The actual 8-bit runlength is subtracted from the remaining page width, and is added

195 to the modulo-8 bit position used to control the barrel shifter 191 and clock the byte

stream input.

The external reset line is used to reset the runlength encoder at the start of a line. It

resets the current color and latches the page width into the page width register. The external

next run line 1s used to request another runlength from the runlength encoder. It inverts the

current color, and resets the runlength register and ready register. The external flush line is

used to flush the last byte of the run, if incomplete. It can be used on a line-by-line basis to

process byte-aligned lines, or on an image basis to process a byte-aligned image.

The external ready line indicates that the runlength encoder is ready to encode a

runlength, and that the current runlength is available on the runlength lines. It can be used

to stall the external logic.

7.2.3 JPEG

Decoder



The rel ati onshi ps between the page wdth 171, the black 172 and contone 173
page w dths, and the nmargins are illustrated in Figure 25. 5 The HCU
scal es cowoanpisiat a to printer resolution both horizontal lrgTaxi20ersdbi cal |y
based on a specified scale factor. Thi7s scale factor nust be witten to the
contone scale factor register prior to starting the HCU ABLE 20

Hal f t oner/ conpositor control and configuration registers register width
description start 1 Start the HCU. stop 1 Stop the HCU age width 14 age
width of printed page, in dots. This is the nunber of dots which have to

be generated fofpepsy héd?)fﬁer l@;}ghdm‘r el P‘?glﬂré" 29,3&6{0-28&&;68 :agi’EGﬂa)r{:gjr&’sed n dots.

right margin 14 osition of right margin; 1n dots. age |ength age length
of print edCHRYE contonelonage. This is the nunber of |ines which have to be

generated for each. page., b age w 4 Page i dth of black |ayer, in
dots. Used to di@%5$“%ﬁém%hgﬁgﬁgﬁgmpééﬂkgp' tstr '6&%‘&Q§@ﬁ?ﬂl §éPrdt h of
cont one Ia&gbdmhgag&Q§COM§§gcmpyﬂeﬁ§§;“&QQ end of wdth a contone |ine.
ontone Scale factor used to scale contone data to bi-level resolution.

scal e factor 10Wiisa deemmprassingo thetIREGadecedgs vadesciedousputtit éheHiGun oE8xhpixel
rinthead {nterface. The printhead.interface .requires bi-level CWK i mge
G bRER nare el AT Rt R b e

data in pl anar formars Sqme 0 a it

al so requi ¢lesely batpl@Mmeith erEoaetd TRisx@bsd EbEQiréQl@&KBUﬁﬁfer.W@ir%kﬁa@'dEe gstage of
the HCU therefore uses 8 parallel pixel FIFGCs, one each for even cyan, odd

cyan, eveRarAlg) PrtcA FIEGav ith shanedbuseageass grd § eqvresperrlipg PMywchanpels, #sishewn and
odd black.héﬁ Ji&s3i nput contone CWK FIFO is a full 8KB line buffer. The
line is used ontonhe scale factor times to effect vertical up-scaling via
line reEplication. FIFO wite address WO 03/018316 PCT/ AU02/ 01060 59

7.2.4 Halftoner/Compositor
The halftoner/compositor unit (HCU) 141, shown in Figure 24, combines the
tunctions oi haiftoning the contone CMYK layer to bi-level CMYK, and compositing the
~ black layer over the halftoned contone layer.

15 The input to the HCU is an expanded 267 ppi CMYK contone layer ‘200, and an
expanded 1600 dpi black layer 201. The output from the HCU is a set of 1600 dpi bi-level
CMYK image lines 202.

Once started, the HCU proceeds until it detects an end-of-page condition, or until it
1s explicitly stopped via its control register.

20 + The HCU generates a page of dots of a specified width and length. The width and .
length must BC written to the page width and pdge length regiéters prior to starting the
HCU. The page width corresponds to the width of the printhead 171. The page length
corresponds to the length of the target page. .

The HCU generates target page data between specified left and right margins

25  relative to the page width. The positions of the left and right margins must be written to the
left margin and right margin registers prior to starting the HCU. The distance from the left
margin to the right margin corresponds to the target page width.

The HCU consumes black and contone data according to specified black 172 and
contone 173 page widths. These page widths must be written to the black page width and

30 contone page width registers prior to starting the HCU. The HCU clips black and contone

data to the target page width 174. This allows the black and contone page widths to exceed



wrapping is disabled until the start of the |last use of the line. An
alternative is to read the Iline frommin nmenory contone scale factor
times, | mwoaaLissge mrenory traffic by 65MB/s, but avoi di ngpcisautestedor the
on-chip 8KB line buffer. 5 7.2.4.1 M#8ti-Threshold D ther A general

256-1 ayer dither volunme provides great flexibility in. dither cell design,
by decoupling different intensity |levels. General dither volunmes can be

| arge - a 64x64x256 dither volume, for exanple, has a size of 128KB. They
are also inefficient to access since each color conponent requires the

need to tulT S THARREDT SLaRROp AT AT E AR RS SR il PRE) o "o

t he vol unkevean be |nplenented as a fixed set of t hreshol ds rat her than 256

separate bits ree 8-bit threshqld r.e onl nsunes 24
bits. Now, n + nRenErige ST eRceH e e oA f@l tbéaﬁﬁigganm'ﬁ?% GHiRa8E t he
cor r espondyighsdhdd@E nRbihs heGRdsuardiis FRlutesnat el y not set or set. The

cont one pi xel value being dithered uniquely selects one of the n+l

intervdl s, and Tis HeUsscales evnidneedata toepringdr wiesobftion thethcmrizestpby aidchyeroeal yut

dot. V& dithe the nt,on ipl hr 64x64x3x8- bi t
(12ke) i (1870 o SRR FRIE, Y Pufles Bt b FRER bldne S0 tgler v ue
whi ch can j@@topeggﬁgtﬁmridgmm fie @cther cell ROMin one cycle. If dither
cell registration is desired between color planes, then the sane

triple- threshold value can be retrleved once and- used to dither each color
20 corrpon 2t0m t3 alf ﬁeﬁ"/congj%giltobrtc' UII C |UqualiJOtr:1>r|e 1l§"tefs thenm—the—drther
cell can be sp iT into tour u s an Store our” separately

addr essabliggftvb fromjwhiich E@brptebnf ferent triple- threshold val ues can be
retri eved |n naraILpI in ond rvrII) Usj ng t he addressi ng schene  sho in
Fi gure 26, Sttll}fle four ccﬂor pléwéémsHQLb t he sare dlther cel | at vertic
and/ or h Itl zontat—of |I>cta t C fromeach other—25The

Mul ti-threSB®I d dither 203 |§°Bﬁ‘b“v\uﬁ i'n Figure 26. The triple-threshol d unit
204 convep %’é vadthr | pl erd hr espgledyiMay dfeprﬁﬂfél @ 1HB§1@5T1§1¥1thﬁ& HEmbEH AP dBf
interval dand thence ajone or| zero bit. i pl e-thresholding rules are
shown in Table 21. The corre@b@h@ﬂwgkﬂmgﬁemzwﬂfbﬂ@wbhbmm in Figure 27.
Referring tre—26n—rore-detai-l—four—separate—tripte—thresholdunits
i ndi cat ed [SH0™ gWerallb at 2%%“%ﬁ5ﬁﬁ?%85?@8‘ O i es of contone col or' pi xe
val ues forjigaspgeeli ve |eol or p&QﬂﬂQﬂQﬂ%@nghyﬁhﬁdgMWK signal. The dither

volume is |split into flour dilther subcell
page length 15 Page length of pnnted page in dots. This is the number of lines

which have to be generated for each page.

black page width |14 Page width of black layer, in dots. Used to detect the end of a
' . [plack line. _

contone page | 14 Page width of contone layer, in dots. Used to detect the end of

width a contone line.

contone 4 Scale factor used to scale contone data to bi-level resolution.

scale factor

10 The consumer of the data produced by the HCU is the printhead interface. The
printhead interface requires bi-level CMYK image data in planar format, i.e. with the color
planes separated. Further, it also requires that even and odd pixels are separated. The output
stage of the HCU therefore uses 8 parallel pixel FIFOs, one each for even cyan, odd cyan,
even magenta, odd magenta, even yellow, odd yellow, even black, and odd black. |

15 The mput contone CMYK FIFO is a full 8KB line buffer. The line is used contone

scale factor times to effect vertical up-scaling via line replication. FIFO write address



C and D, indicated generally at 205. A dither cell address generator 206
and four gates WO 03/018316 PCT/ AU02/ 01060 60 indicated generally at 207,
control twe mmissieval of the four different triple threshelcd/a@koeso which
can be retrieved in parallel in one ccle for the different colors. ABLE 21
Triple-thresholding rules interval output S Ti , <V<T2 1 z<V<T3 3<V 1 5
7.2.4.2 Conposite The conposite unit 205 conposites a bl ack | ayer dot over
a hal ftoned CMYK | ayer dot. If the black |ayer opacity is one, then the
hal ftoned CW is set to zero. Gven a 4-bit halftoned col or CCMCYCKC and a

1-bit black, Ap?%&ngﬁgﬁlkzgﬁ%tgt}he LRE of G2 fhom@)ﬁge B é:lAnpil NeloTHoN ssto@éad %'CREde

i n Tabl e 22. nposite gi ¢ color channe cond

M MCA- | Kb lin¢ fYomAnain ki mdfy Kenbdoe sciileZaékorStn@hQ@ﬂ«:r&mmlglrﬂerﬁhp&faﬂ’ﬁ@ﬂiy d3MBgl, ock
enabl e geng rator. 206 generates enab nals for clocking the contone 15
CWK pi xel ‘n‘tﬁ’ﬁﬁ‘td‘"&‘g%% dafrektl'tﬁ‘d’t“ ‘ihfﬁ)%ﬁB?'ﬁgH“% e CMYK dot out put. As

descri bed earlier, the contone.pixel input buffer is used as both a |ine
buffer and a FIFO. Each line is read once and then used contone scal e
factor 1iné24.Fl FO wMult- Tlmdsmﬂttbinlmappi ng is disabled until the start of

gge final repli Rateggrapfﬁ Eiyertil t?zer vo?ume provmgs greatv}!l)ex(?l%lgyllg%}t er CC']I'/dA ngr% /b0y1060

decoupling different intensity levels. General dither volumes can be large - a 64x64x256
dither volume, for example, has a size of 128KB. They are also inefficient to access since
each color component requires the retrieval of a different bit from the volume. In practice,
10 there is no need to fully decouple each layer of the dither volume. Each dot column of the
volume can be implemented as a fixed set of thresholds rather than 256 separate bits. Using
three 8-bit thresholds, for example, only consumes 24 bits. Now, n thresholds define n+1
intensity intervals, within which the corresponding dither cell location is aliernately not set
or set. The contone pixel value being dithered uniquely selects one of the n+1 intervals, and
15 this determines the value of the corresponding output dot.

We dither the contone data using a triple-threshold 64x64x3x8-bit (12KB) dither
volume. The three thresholds form a convenient 24-bit value which can be retrieved from
the dither cell ROM in one cycle. If dither cell registration is desired between color planes,
then the same triple-threshold value can be retrieved once and-used to dither each color

20  component. If dither cell registration is not desired, then the dither cell can be split inio four
sub—celAls and storéd in four separately addressable ROMs from which four different triple-
threshold values can be retrieved in parallel in one cycle. Using the addressing scheme
shown in Figure 26, the four color planes share the same dither cell at vertical and/or
horizontal offsets of 32 dots from each other.

25 The Multi-threshold dither 203 is shown in Figure 26. The triple-threshold unit 204
converts a triple-threshold value and an intensity value into an interval and thence a one or
zero bit. The triple-thresholding rules are shown in Table 21. The corresponding logic 208
is shown in Figure 27.

Referring to Figure 26 in more detail, four separate triple threshold units indicated |

30  generally at 204 each receive a series of contone color pixel values for respective color
components of the CMYK signal. The dither volume is split into four dither subcells A, B,

C and D, indicated generally at 205. A dither cell address generator 206 and four gates



time the clock enabl e generator generates a contone |ine advance enabl e
signal which enables wapping. The cl ock enabl e generator al so generates
an even swgraloisshé ch is used to select the even or odd secTofucmigut dot
FIFCs, and a margin signal which is umed to generate white 5 dots when the
current dot position is in the left or right margin of the page. The cl ock
enabl e generator uses a set of counters. The internal |ogic of the counters
is defined in Table 23. The logic of the clock enable signals is defined in
Tabl e 24. FABLE 23 C ock enabl e generator counter |ogic counter abbr. data

| oad decre e dit - i V, O A
clk Iline W%‘%%‘%ﬂ%’ﬁ%@ﬁ?@*‘?ﬂ@aqak&@ J"?f}%?’?&n‘ﬁfg‘}eﬁt FRRl=aa R 1 e
v EQL (LM>@hicA cah ke rathgpet ilivhrilelrin ghé cytdy @ir theRPffsremi@oldrRM>O) "cl k. margin
even/odd E1 0 RP v EQL clk dot black dot BD 14 black width RP v EQL
(LM-O A (BD>0) A clk contone CD 14 contone width RP v EOL (LM-O A(CD>0)
A clk dot GEIEONE CPRpR- o e RP v EOC v (TWO— A Ttk—sub-pj xel
fact or (CSP§%§‘contonépééiggﬁcon%gﬂggscale RPv (CSL=0O) EOL A clk subfline

factor a Ritéwvalset page) condition:jowpiter nal signal b EOL (end-of -T1i ne)
condi ti on: HB=0 A {BD=0) A (CD=0) | 10 WD 03/018316 PCT/ALIN2/ 01060 6
0

V<T,

T] <V<L Tz 1

Tz <V< Ts 0

T3 <V 1
5 7242 Composite

The composite unit 205 composites a black layer dot over a halftoned CMYK layer
dot. If the black layer opacity is one, then the halftoned CMY is set to zero.
Given a 4-bit halftoned color C.M¢Y K. and a 1-bit black layer opacity K, the

composite and clip logic is as defined in Table 22.

10
TABLE 22  Composite logic
color channel condition
C _ _ ‘ Ce A=Ky
M - . M. A %Kb :
Y Y. A=Ky
K K. v K,

7.24.3  Clock Enable Generator
The clock enable generator 206 generates enable signals for clocking the contone
15 CMYK pixel input, the black dot input, and the CMYK dot output.
As described earlier, the contone pixel input buffer is used as both a line buffer and
a FIFO. Each line is read once and then used contone scale factor times. FIFO write

address wrapping is disabled until the start of the final replicated use of the line, at which



FABLE 24 C ock enabl e generator output signal logic utput signal condition
out put dot clock enable (D>O) A -,EOPa bl ack dot clock enable (LM=O A
(BD>0) A wb@B/ocssné one pi xel clock enable (LMEO A (CD>0O ACTGIF20)064 -,
contone |ine advance (CSL=0) A -,EOP @anable even E=EO margin (LMO Vv
(RVWO) a EOP (end-of-page) condition: L = 0 7.3 Printhead Interface The

printhead interface (PH) 142 is the neans by which the processor |oads the
5 Menmjet printhead with the dots to be printed, and controls the actual dot
printing process. The PH contains: a line |oader/format unit (LLFU) 209
whi ch | oa A I t i : .Qrage and
formats t ﬁ%mIe Pﬁetcg&%lieéltdglr égrr' &?t}égg”’?g& &f oArAnPﬁe l%%d‘éc%n% ?{1#{2%1&@& “%g{ Mem et

i nterface dnable}y w2dkpingvhi ch transfers data to the Menjet printhead 63, and

10 control s the no zIe fi [ uences during a print. The units within
the PH are confhif] f@ﬂgze ﬁlseﬁeffeé%gtrfsserbffvgntswael whigh ispisedIasAfstBy t he
processor d3R8orbd %%Thh@ﬂt dét'iﬁ?F(% %ﬁ@%{?[r *n%f%fnﬁﬁwﬁl@ﬁ'1§3us%dft<ﬁéen%§‘atté{N fle UP

the appropriate paraneters in the con for t transters from
menory % o ddiewhtnh Hie. cuﬂi’nntsdqt pcdlurdes ih o‘adéﬁngr wghttreargial df te gdgei nt o appropri ate
colors during t t a e so. fhat t a has cl ean
edges. The int ??1%"?51 'l?@[g’lﬁcae%?"f tffé a|§p %f%gﬁtﬁrsr EE‘%P‘F%Q%QQEgFQ‘CSCHB%rSl n

Fi gure 28. s défifedlinliaBR: 203 dghosRE bk &naBt&léﬂamsldeﬁwlhfmbm uni t

(LLFU) 209 |l oads the dots for a given.prin.t Iline into 20 |ocal buffer
storage and formats theminto the order reqwred for t he I\/En] et prlnthead.

ECP

SRR LT A
counter abbr. data load decrement
condition condition
dot D 14 page width RP* EOL" (D>0) ~ clk
line L 15 page length RP (L>0) "EOL
left margin| LM 14 left margin RP v EOL (LM>0) ~ clk
right RM 14 right margin RP v EOL (RM>0) ~clk
margin
even/odd | E 1 0 RP v EOL clk
dot
black dot | BD 14 black width RP v EOL (LM=0) ~ (BD>0) »
| ' | | clk
contone CD 14 contone width | RP v EOL (LM=0) MCD>0) " clk
dot
contone CSP 4 contone scale | RP v EOL v (LM=0) ~ clk
sub-pixel factor (CSP=0)
contone CSL 4 contone scale | RPv (CSL=0) EOL ~ clk
sub-line factor
4 RP (reset page) condition: external signal
b EOL (end-of-line) condition: (D=0) * (BD=0) » (CD=0)

10
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wor ds (6400 bi tfae printhead interface (PHI) 142 is the means by which the processor loads the
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20

Memjet printhead with the dots to be printed, and controls the actual dot printing process.

The PHI contains:.

a line loader/format unit (LLFU) 209 which loads the dots for a given print line into

local buffer storage and formats them into the order required for the Memjet printhead.

a Memjet interface (MJI) 210, which transfers data to the Memjet printhead 63, and

controls the nozzle firing sequences during a print.

The units within the PHI are controlled by a number of registers that are

programmed by the processor 139. In addition, the processor is responsible for setting up

the appropriate parameters in the DMA controller 144 for the transfers from memory to the

LLFU. This inciudes loading white (all 0’s) into appropriate colors during the start and end

of a page so that the page has clean edges.

The internal structure of the Printhead Interface 142 is shown in Figure 28.

7.3.1 Line Loader/Format

The line loader/format

Unit

unit (LLFU) 209 loads the dots for a given print line into .

local buffer storage and formats them into the order required for the Memjef printhead. It is



WO 03/018316 PCT/ AU02/ 01060 64 represent the even dots for the color,
whil e the second 200 32-bit words (6400 bits) represent the odd dots for

t he col orwolBeissder essi ng decoding circuitry is such that pcm/avogiowsn cycl e,
a single 32-bit access can be nmade t@ all 4 sub-buffers - either a read
fromall 4 or a wite to one of the 4. 5 Only one bit of the 32-bits read
fromeach color buffer is selected, for a total of 4 output bits. The
process is shown in Figure 32. 13 bits of address allow the reading of a
particular bit by nmeans of 8-bits of address being used to select 32 bits,
and 5-bits | fers
share thi sreﬁéog?%ﬁé’@%gﬁlw%%f p:l'l '? él%c]%i‘rggyzrﬁggéin ts'?%{h%%% ehﬁbélfarcegﬁ{ one
per col or.thEzsedntimifpfietingathe psgeown Wit eEnable line, to allow a single 10
32-bit value to, be iitten to.a particular. colo er in a given cycle.
The 32-bits of Dt %f‘“ealf‘éh%g‘é‘?ﬂéd’““meﬁ %Orlﬁﬁfs'y"fo‘r’rég%btfr?%?r qdts- IAqalcttlh%ﬂrl y
clock the @aédakigle/print indcMELHS 1 SRODiEITHEe bifs Rusk-bé-stpft ?e"aqhﬂg:&?‘reﬁtddress
Generation for readl ng I's strai ghtforward. Each cycle We generate a

addr ess® whorder fos beigg dertt on i@ thelpristhsad. §ec(§p¢tc£meﬁwt 2rigfof moid infematoh or for the
articul ar se ment 40 current bi we ~advance
!to 0 the next SEgiiethe %O%dq@%%?gﬁl?a‘g%% ord Utdaéuﬁ‘fmr% ﬁgtb‘%ﬁfﬁtraéﬁsf?ggdlah% odd
and even d@hs t@éLh 9e BRI tdoedintR pfilBeddd] WRK the\W2 IR réftbsendifg 4ldof¥adr dRnLEL i eve
the two sets of 32 bits for the two sets of 8 segnents representing the
even 20 dots 8(5Fﬁécfrtésultant data is transferred to the MII 32 bits at a

time) and anot T C r SS I'S
repeat ed 400 tlhig nl{iaes&r@m ;ﬁg'?rsen OUb Ot?ﬂfe%'ﬂg 8{%%643} IJ;H anﬁd%ﬂCCéggln uCis)o(%:%lllt 400
X 32 cMrl esformation.aVhidé o#kOlGheXm B&ng ldhdé&ﬁli&ﬂﬁ)flrddiufféﬁﬁl&sh@pre loddeamiaé &1 r ed

in the ord% requir the printhead. In additio generate the

Tr ansf er W if SE948 Ibésfﬁro%lt"rlé peiag ggag)in Mgmigtedor qeer. |_Qf[9€ t'?%e@’tf%dlf“’sh%?&e@i‘ e the
ML, we mh&a&e%% teRBcdrldrtRibrel 8 448 tpeeémﬁea}dh@a AEMAGGR: HHJ:r?a%}; thom the

MII . We nust al so generate the next 32-b e In readiness tor the first
Advance putegding afftherisiof ptacesses swapobuffeandhefirst heftéi 2iStis 8@whedd andlthkesecond he

T R gl BB S BT R R L e
first AdvanegespUlsean BE Edenes thetddedphol@viswnitant 2ed to t he M. However
the The actual implementation of the LLFU is shown in Figure 30. Since one buffer is
being read from while the other is being written to, two sets of address lines must be used.
The 32-bits Dataln from the common data bus are loaded depending on the WriteEnables,
which are generated by the State Machine in response to the DMA Acknowledoes
20 : A multiplexor 215 chooses between the two 4-bit outputs of Buffer 0, 213 and
Buffer 1, 214, and sends the result to an 8-entry by 4-bit shift register 216. After the flI‘St 8

read cycles, and whenever an Advance pulse comes from the MJI, the current 32-bit value

from the shift register is gated into the 32-bit Transfer register 217, where it can be used by

the MJL.
25
7.3.1.1  Buffers
Each of the two buffers 213 and 214 is broken into 4 sub-buffers 220, 221, 222 and
223, 1 per color. All the éven dots are placed before the odd dots in each color’s buffer, as
shown in Figure 31.
30 The 51,200 bits representing the dots in the next line to be printed are stored 12,800

bits per color buffer, stored as 400 32-bit words. The first 200 32-bit words (6400 bits)



30 MJI must be started at |east 16 cycles after the LLFU so that the
initial Transfer value is valid and the next 32-bit value is ready to be

| oaded i Mvo wBloes3Ts ansfer register. The read process i s sheem/Auv2onmso

fol |l owi ng pseudocode: WD 03/018316 PGH AU02/ 01060 65 Dot Count = 0 For

Dot | nSegnment O = 0 to 400 CurrAdr = Dotl nSegnentO Do 5 VI = (CurrAdr=0 OR
(CurrAdr=3200) V2 = Low 3 bits of DotCount = 0 TransferWiteEnable = Vi
OR ADVANCE Stall = V2 AND (NOT TransferWiteEnable) [If (NOT Stall) 10
Shift Register=Fetch 4-bits from CurrReadBuffer: CurrAdr CurrAdr = CurrAdr

+ 400 Dot = & o, N Segnents
0-7) EndF?&%%etnff%&m%ﬁ?%%%%%‘%% 803 °p E‘% )T me has

fini shed, repesdutheRekdBis foethevalane must be toggl ed by the processor. 20

7.3.1.2.2 Witi The wite %rocess.is. al so. strai ghtforward. 4 _DMA request
lines are out puf'%t N BRIRIMSTCHItYEF Sug _ hitdp g t°8 c¥rle ?s%i‘i‘gl%ﬁ??& by the
return DVAcAsKRANbERGRE td IR sutBiifer PRFIRPE kédSrdin il b AeStdbal bybrafdiess is

selected (the lower 5 bits of the 13-bit output address are don't care
val ues)® arfdnlytoac hisloh dvl Bdojes readyfrain eiach plestadter és sehestedofor edotalofid atpg 25
Wit eEnabl,e control lin the Current Wit ffer. i s, Current ReadBuffer).
The 8-b; ¢ UifeLtt Faprsi” Serda el S1atls s aodiiniiovang P e T adarEuses,
one addr esit Peme&idl @B-biff Biliesy RaETHEE tdiictect 32 bt iad SIHR ARMERIhLR
destination address is increnmented, and the . _ _

1-bit from those 32. Since all color buffers share this logic, a single 13-bit address gives a

total of 4 bits out, one per color. Each buffer has its own WriteEnable line, to allow a single

10 32-bit value to be written to a particular color buffer in a given cycle. The 32-bits of Dataln

are shared, since only one buffer will actually clock the data in.

7.3.1.2  Address Generation
7.3.1.2.1 Reading
15 Address Generation for reading is straightforward. Each cycle we generate a bit
address which is used to fetch 4 bits representing 1-bit per color for the particular segment.
By adding 400 to the current bit address, we advance to the next segment’s equivalent dot.
We add 400 (not 800) since the odd and even dots are separated in the buffer. We do this 16
times to retrieve the two sets of 32 bits for the two sets of 8 segments representing the even
20  dots (the resultant data is transferred to the MJI 32 bits at a time) and another 16 times to
IOE'Id' the odd dots. This 32-cycle process is repeated 400 times, increrﬁénting the start
address cach time. Thus in 400 x 32 cycles, a total of 400 x 32 x 4 (51,200) dot values are
transferred in the order required by the printhead.
In addition, we generate the TransferWriteEnable control signal. Since the LLFU
25 starts before the MJI, we must transfer the first value before the Advance pulse from the
MII. We must also generate the next 32-bit value in readiness for the first Advance pulse.
The solution is to transfer the first 32-bit value to the Transfer register after 8 cycles, and
then to stall 8-cycles later, waiting for the Advance pulse to start the next 8-cycle group.
Once the first Advance pulse arrives, the LLFU is synchronized to the MJI. However, the
30 MIJI must be started at least 16 cycles after the LLFU so that the initial Transfer value is
valid and the next 32-bit value is ready to be loaded into the Transfer register.

The read process is shown in the following pseudocode:



correspondi ng TransfersRemai ni ng counter is decrenented. The DMA request
line is only set when the nunber of transfers remaining for that col or
non- zer 0. we®3Mis316 ol | ow ng pseudocode illustrates the Wi eTpmes s
Current Adr[0-3] = 0 WD 03/018316 PCT/6AU02/ 01060 66 Wil e
(TransfersRemai ning[0-31 are all non-zero) DMARequest[0-3] =
TransfersRenmaining[0-3] '= 0 |f DVAAknow edge[ N|
CurrWiteBuffer:CurrentAdr[N] = Fetch 32-bits fromdata bus 5
CurrentAdr[N] = CurrentAdr[N] + 1 TransfersRenaining[N =

Transfer SW‘—W—O‘OT—W—EWH—EMWW

The foll ovmong()‘f"ég_l Sters are contained in the LLFU.  ABLE 25 Line

ite 10 7.3 I 3 Registers

is

Load/ For metor Dnitln SEeaérsd e0so 46Qi st er Name Description urrent ReadBuffer he

current buffer being read from Wen BufferOis being cad from Bufferl
witten to aﬁél”@idéé%ﬁ@r"%gmgﬁ%ul d be toggled with each AdvanceLine pul se
fromthe Jl,Go 3its O and | control the starting of the read and wite
processes respectively. non-zero wite to the appropriate bit starts the
process. St op i £3COradd-0) ORo(@urcAdreR2003t oppi ng of the read and wite

rocesses respectively. A non-zero wjte to the appropriate bit stops the
process. ransf@§§2@ﬁh§@i‘%‘@f®?{§

read into the ffafelMftBhable = V1 OR ADVANCE
Stall = V2 AND (NOT TransferWriteEnable)
If (NOT Stall)
10 Shift Register=Fetch 4-bits from CurrReadBuffer:CurrAdr
CurrAdr = CurrAdr + 400
DotCount = (DotCount + 1) MOD 32 (odd&even, printheads 1&2, segments 0-7)
EndIf
Until (DotCount=0) AND (NOT Stall)
15  EndFor

Once the line has finished, the CurrReadBuffer value must be toggled by the

processor.

20 - 7.3.1.2.2 Writing _
~ The write process is also straightforward. 4 DMA request lines are output to the

DMA controller. As requests are satisfied by the return DMA Acknowledge lines, the
appropriate 8-bit destination address is selected (the lower 5 bits of the 13-bit output
address are don’t care values) and the acknowledge signal is passed to the correct buffer’s

25  WriteEnable control line (the Current Write Buffer is CurrentReadBuffer). The 8-bit
destination address is selected from the 4 current addresses, one address per color. As DMA
requests are satisfied the appropriate destination address is incremented, and the
corresponding TransfersRemaining counter is decremented. The DMA request line is only
set when the number of transfers remaining for that color is non-zero.

30 The following pseudocode illustrates the Write process:

CurrentAdr[0-3] =0

OMRhTH®r of 32-bit transfers remini ng to be



ransf er sRemai ni ngM he nunber of 32-bit transfers remaining to be read into
the Magenta buffer ransfersRemai ningY he nunber of 32-bit transfers

remai ni ngwoasbessnead i nto the Yell ow buffer ransfersRenmaipairngkzhesnunber
of 32-bit transfers remaining to be r@ad into the |ack buffer 7.3.2 Menjet
Interface 15 The Menjet interface (M) 211 transfers data to the Menj et
printhead 63, and controls the nozzle firing sequences during a print. The
Ml is sinply a State Machine (see Figure 28) which follows the Printhead

| oading and firing order described in Section 6.1.2, and includes the
functi onaly 3 PET/ A 01060 67 Preheat Cycle and

Cl eani ng C%/Vw%?%gﬁ %gfé%glg@%ﬁ§é%8ta%8€\gg%é4 and Section 6.1.5. Both

hi gh- speed abDMARequepg@d] priraisfersRemadsiag@cy 'aviai | abl e. Dot counts for each
color are also kept by the MII. The MJI | oads data into the printhead from
a choice of ¥ kowledsstNls Al I's. This neans that all nozzles will fire
during a subseqiemlrRtEHer EXfeRARN 4 Setct} HRLRE ABRAAE WRChani sm for 1 oadi ng
the printhead for a preheat or cleaning cycle. Fromthe 32-bit input held

i n the5Transf erCuregitAdEN] ofCurieetAditfN].+ This is the standard neans of
printing an i e. .The 32-hi alue fr t he U,is directly sent to the
printhead and a 3@%%13@%\9%@13?'—@%%&5%%@1@5& 'sle(ﬁf’o’i@ the LLFU. At the
end of each khge, a 10 1-bit "~ AdvancelLine' pulse is also avail able. The
MIlI nmust be started after the LLFU has already prepared the first 32-bit
transfer KmdWehile This is so the 32-bit data input will be valid for the
first transter—to—the—printheat—Fhe—MH—+s—therefore—tireetty—connected to
the LLFU and the external Menjet printhead. 15 7.3.2.1 Connections to
Printhegad 7188 3V01 21gedi@srst he fol | owi ng connections to the printhead 63,

with the sense of
The following registers are contained in the LLFU:

TABLE 25 Line Load/Format Unit Registers

Register Name Description

CurrentReadBuffer The current buffer being read from. When BufferQ is being
read from, Bufferl 1s written to and vice versa.
Should be toggled with each AdvanceLine pulse from the
MJL
Go Bits 0 and | control the starting of the read and write
processes respectively.
A non-zero write to the appropriate bit starts the process.
Stop : , Bits 0 and 1 control the stopping of the read and write

i ' processes respectively. C : : .
A non-zero write to the appropriate bit stops the process.
[TransfersRemainingC The number of 32-bit transfers remaining to be read into the
Cyan buffer
TransfersRemainingM The number of 32-bit transfers remaining to be read into the

- [Magenta buffer
[TransfersRemainingY The number of 32-bit transfers remaining to be read into the
Yellow buffer
TransfersRemainingK The number of 32-bit transfers remaining to be read into the

Black buffer

7.3.2 Memjet Interface
15 The Memjet interface (MJI) 211 transfers data to the Memjet printhead 63, and
controls the nozzle firing sequences during a print.
The MII is simply a State Machine (see Figure 28) which follows the Printhead

loading and firing order described in Section 6.1.2, and includes the functionality of the



i nput and output with respect to the MII. The names match the pin
connections on the printhead (see Section 6.2.1 for an explanation of the
way the 8Bwiorchigsé nthead is wired up). 20 WO 03/018316 PETrAI0D2/006060 68
FABLE 26 Menjet Interface Connectionss?7 Name Pins 1/0 Description hronmapod
Sel ect3 Sel ect which chromapod will fire (0-4) 4ozzleSelect Select which
nozzle fromthe pod wll fire (0-9) odgroupEnabl e Enabl e the podgroups to
fire (choice of: 01, 10, 11) Enable 1 iring pulse for podgroup A 3Enable 1
iring pulse for podgroup B Dataln[0-7] 8 Cyan output to cyan shift register

of segment predi Cﬁi@dnﬁ[@eﬂn%?%%é&‘cﬂi%‘a% SkQ; d?‘n’eég?@taﬁ? 8D, 6”?9' @&Er of

segnents 0-7 Dataln[0-7] 8 winput to ye I ow sh regis

segnment s Oh%hespa‘idﬁﬁ[r(d Igy- S@edcaumtiingpmdes archivaitdbles Riok touregfos eth wlorsegaent 0- 7
SRC ockl 1 I%Bé? RC1 ockl (ShiftRegisterd ockl) |oads the current

val ues fro I?J\OIQI[' MDat al n[ 0-7], Dataln[0-7] and KDatal n[0-7] into

the 32 shift reghshBl ﬁaadsnaatélmt@aﬁ p@fn'tﬂ&iﬂ‘%% dchorR@roCdka doufcef PUl s€ on
SRCl ock2 (ShiftRegisterd ock2) |oads the urrent values from CDatal n[0-7],

MDat al nf 0-7], Béltlsl i mepnsthat diDeazales oM fite during atﬂnlbscﬁlaemmrfm cydgiastér s of

4-inch pri r IeI fer fromthe shift
regi sters {htgfg?ﬁﬂm% JJC? E 'ﬁf%ﬁlon(?eg hglpnlqgke%ﬁi Cﬁr?é]dfaeeag a("b’}?ecyﬁg nozzl e).
SenseSegSel ect | Fonpthese-tninSenefSagahnster ANBRY ontHe!LIGAS s B ekl
enabl es the sense lines for segnent n in 4- inch printhead 1.

SenseSegEnBSREXf prigtipg an BﬁagSeMBIE%}BF EomaRPB Y it Hireeitysseatfo the
printhead and a 1-bit ‘Advance’ control pulse is sent to the LLFU. At the end of each line, a

10 1-bit ‘AdvanceLine’ pulse is also available.
‘The MJI must be started after the LLFU has already prepared the first 32-bit transfer
value. This is so the 32-bit data input will be valid for the first transfer to the printhead.
The M1 is therefore directly connected io the LLFU and the external Memjet
printhead.
15
7.3.2.1  Connections to Printhead
The MJI 211 has the following connections to the printhead 63, with the sense of
input and output with respect to the MJL. The names match the pin connections on the
printhead (see Section 6.2.1 for an explanation of the way the 8-inch printhead is wired up).
20



Dat al nN[n] enables the sense lines for segnent n in 4-

sense 1 Tenperature sense

sense 1 Vol tage sense WD 03/018316
PCT/ AUO2/WD0B018360 | Rsense 1 Resistivity sense

52 7.3.2.2 Firing Pulse Duration The @uration of firing pul ses on the

AEnabl e and BEnabl e |ines depend on the
dependant on tenperature and ink characteristics) and the
avai lable to the printhead. The typi cal

5 viscosity of the ink (which

inch printhead 2.

sense 1 Wedrh@enswso TOTAL

is

anount of power
pul se duration range is 1.3 to 1.8

Ts. The Ml theref ore cont ains a pr ogr anmabl e puI se duration table 230,
i ndexed b TAB@&@?@CK mg@ﬁ@&fﬂe'éﬁn{h%@ﬁons'ne tabte of pulse durations
allows thg use o cost  power supply, and aids in nmaintaining |nore
accurate ameej ect i oniPlds E,f(}a F[luésaﬁpﬁ)unatl on table has 256 entries, and is
i ndexed by—the currentiVsen ;-I__and_tsease__zzz_set_t_ulgs_lhe_uppeL
4-bits of [atr@mased Selaar r onfOus ertsdect ahishicheomanpd il fire(Q-€) of address come
from Tsensg; Mty TS By b e nts vatrae—| n
t he range |o NPZZ@%} F. Tglle pr oces<S§€lPTC?l ﬁéﬁ%r agﬁﬁgrophthe,&gd%ﬁ f#e db)BEnabI €
lines is s pEnabicgr e 3§ Tfmaa@mh@ o Qo ARl (chbie Iﬁ@msm 43¢ sighals
are recei \Eﬁi@ﬁ(\)l respective {15 sanple ang %\éi@ﬂﬁm rm];<| ts 233 and 23)1 a
then convdpEawbleo di gi flal W& ds Elnnge@lpeefmpoégrocmﬁverters 235 and 236,
bef ore beimt yppH—ed—t therputs Fhe—ott put of the
ul se dur dbPBVE abl e 2B0 i s appllﬂ:%g P@S%R’ BP@%‘OW gt h generator 237 to
p
generate tfBafald[pNg PRI Sesio Thft%%a%%nﬁiﬁ&ﬁ)éﬁﬁlsﬁfﬂ Sgidet bi &gmgb{tsbhﬁ‘ CPU
before prijnting the fifst phge e table 20 may e updated in betwee
pages if deEratau0- 'Hach 88- bi O puIMegfdl[LHmputdn nmgbmty Shlrﬁt Itegletet abdegmente@b'l nes:
i ghtress—se L;nNS lf GIIIL UCO I V\/ f
iU?]Er ( H Io?n a&ﬁéﬂl 0) *SEAE S Al VAT ﬁ’1put to yefloxV e I}eglster orsvegment’er—T °
KDataln[0-7] 8 O Black input to black shift register of segment 0-7
SRClockl 1 O A pulse on SRClockl (ShiftRegisterClock1) loads the
current values from CDataln[0-7], MDataln[0-7],
[YDataln[0-7] and KDataln[0-7] into the 32 shift registers
of 4-inch printhead 1
SRClock?2 1 O A pulse on SRClock?2 (ShiftRegisterClock2) loads the
current values from CDataln[0-7], MDataln[0-7],
'Y Dataln[0-7] and KDataln[0-7] into the 32 shift registers
of 4-inch printhead 2
PTransfer _ 1 O  [|Parallel transfer of data from the shift registers to the
printhead’s internal NozzleEnable bits (one per nozzle).
SenseSegSelect]l |1 O A pulse on SenseSegEnablel ANDed with data on
CDataln[n] enables the sense lines for segment n in 4-
inch printhead 1.
SenseSegEnable?2 (1 O A pulse on SenseSegEnable2 ANDed with data on
CDataln[n] enables the sense lines for segment n in 4-
inch printhead 2.
Tsense 1 il Temperature sense
Vsense 1 If Voltage sense




Rsense 25 Wense Vsense Tsense WO 03/018316 PCT/ AU02/ 01060 70
7.3.2.3 Dot Counts The MJII 211 maintains a count of the nunber of dots of
each col owofanessié romthe printhead in a dot count regi strem/A®d/0106he dot
count for each color is a 32-bit valu®, individually cleared, by a signa
241, under processor control. At 32-bits length, each dot 5 count can hold
a maxi num coverage dot count of 17 12-inch pages, although in typical
usage, the dot count will be read and cleared after each page. The dot
counts are used by the processor to update the QA chip 85 (see Section
7.5.4.1) in order to predict when the ink cartridge runs out of ink. The
processor the—vpumer of Tk the cartridgefor—each—of—C—vY,
and K fro#§¥ﬁ§?CA chi pj Cbu%tinlh?ﬁgwfb&ﬁﬁhber of drops elimnates thg need
for ink sewséfss, and ppevens thgidiniensdannels from running dry. An
updated dnop count is wittlen td the QA chip after each page. A new pdge
will not BEOPBALnted unf@ss fthere¢ is enough ink left, and allows the user to
change the ink wthout—gett+rg - a dud hal f-printed page which nust be
reprinted. The |l ayout of the dot counter for cyan is shown in Figure 34.
The remai m mg.23 dot Fiﬂ.ﬁgmt[wjﬁ,ﬁﬁ)wmt Count, YDot Count, and KDot Count for
magenta, yellow, and black..resPectiver are identical in structure.

7.3. 2.4 Regi st e¥he dprasioprod Eicing pulsggon the scand BRnjable linkedegend patheyi a a
register set. .Jhe hSters . al.l ow th rocessor, 1.0 rameteri,ze a print
asgwell% asvefércé)(szﬂ- Q/fe&%g‘é( l\ivg'(l:% léég%etnd%"?ioﬁtterg?%%t}l 58 %mlﬁ' ﬁléar%gffrfs WA Myi st er s
are cont aidnaghnt Bf pdvecr M ilablWRoQRe PrbBeA. PReliypldarh0se0hRationlralriABL E. 3246 INEN) et

I nterface Registers Register Name Description .
Ts. The MJI therefore contains a programmable pulse duration table 230, indexed by

feedback from the printhead. The table of pulse durations allows the use of a lower cost
power supply, and aids in maintaining more accurate drop ejection.

10 The Pulse Duration table has 256 entries, and is indexed by the current Vsense 231
and Tsense 232 settings. The upper 4-bits of address come from Vsense, and the lower 4-
bits of address come from Tsense. Each entry is 8-bits, and represents a fixed point value in
the range of 0-4 Ts. The process of generating the AEnable and BEnable lines is shown in
Figure 33. The analog Vsense 231 and Tsense 232 signals are received by respective

15 sample and hold circuits 233 and 234, and then converted to digital words in respective
converters 235 and 236, before being applied to the pulse duration table 230. The output of

_the pulse duration table 230 is applied to a pulse width generator 237 to generate the firing
pulses. ‘ o
The 256-byte table is written by the CPU before printing the first page. The table

20 may be updated in between pages if desired. Each 8-bit pulse duration entry in the table
combines:

e User brightness settings (from the page description)
e Viscosity curve of ink (from the QA Chip)
e Rsense

25 e Wsense

e Vsense

e Tsense



Print Parameters Numlransfers The nunber of transfers required to |oad the
Printhead (usually 1600). This is the nunber of pulses for both SRCO ock
| i nes andwbis/o183eé al nunber of 32-bit data val ues to traneicarAtfoen1@ogi ven
line. PrintSpeed Wiether to print at 10ow or high speed (determ nes the
val ue on the PodgroupEnable lines during the print). NunLi nes The nunber
of Load/Print cycles to perform Mnitoring the Print Status The Men et
Interface's Status Regi ster LinesRenaini The nunber of lines remaining to
be printed. Only valid while Go=1. ng Starting value is NunLines.
Transf er sReg 3he pypesin@f transfers remaining before the Printhead is
considered aining |oaded for the current line. Only valid while Go=1.
SenseSegnment THheMHi2l | vadinteing @ cpliateé themuntier Ofydots dheash icploe Siradifrom ghea

subsequent f.eedback SenseSegSe its should be
set, cor PEOH5A ?rh*bh?tc?olﬂ?fere% °t %@ghggﬁh@wgréﬁé @l%é%%ég‘éé for how

to determlmvmmmx@émafb?,atgi\ghaflwn@hd&rpwtte&@ad&nm AETEBits 1986, tmdabkpaad es |f
non-zero, the 32-bit valle written to the printhead during the Load- Dots

proces§ i soantcanholdsomatigrumasdverage doeepu) ¢ff 1 bl2-fich pagedusliheysh lidypistlbsequent

PrlntDots [ OCESS Th| u reheat and cleaning cycles. If
0, the 32 ug?%e §Iq?tc%vr|twtﬂzRe? tﬁgc{e?ﬁ%ﬁ%ﬂ& ﬁ fgées fromthe LLFU. This is

the case duri ngrieht adiineedre ﬂﬁddfﬁ}dtﬁgptbﬁesrs@gwu@ﬂatblﬁma chlp%i (senSecReset A
vvrltetothls register resets the MII, stops any | oading printin

processes,’-ahd) l"(ﬁél%r tgpredid gyhep ébesmeﬁW@C r@éﬁ*@éS@dﬁeTée D{W%S?rekrtod" g‘h‘? s
f
register. \)'(\5111} 3 gini}ﬂkdﬁi h\%%aﬁlll&%rf%r %JV@SESGQ/PG&C Knd& frglgqgé 8& cshéﬁbgﬁllnf?]gf%t us

regi ster, dependi on t bi't, sen
SenseEGabIrmlmb@r oﬁdmpseﬁrrmlnhteQ tHeimeed Fdr 1mlhRnIimra.ohndg;ﬁxestsahnjinklehiamlsrfgimt S
status bi trﬁnnaiag d%fl IAn updated ﬁpc}f) C%Lntt irs"\aivnsttter‘%1 tt(%J tﬁle%/g chip a‘?terS gz}ch page A new page
will not be printed unless there is enough ink left, and allows the user to change the ink
without getting a dud half-printed page which must be reprinted.
The layout of the dot counter for cyan is shown in Figure 34. The remaining 3 dot
15  counters (MDotCount, YDotCount, and KDotCount for magenta, yellow, and black

respectively) are identical in structure.

7.3.2.4  Registers
The processor 139 communicates with the MJI 211 via aregister set. The registers
20 allow the processor, to parameterize a print as well as I'CCCIVC fcedback about print progress.

The followmg registers are contained in the MJL:
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loaded for the current line. Only valid while Go=1.

SenseSegment

The 8-bit value to place on the Cyan data lines during a subsequent
feedback SenseSegSelect pulse. Only 1 of the 8 bits should be set,
corresponding to one of the & segments. See SenseSegSelect for how
to determine which of the two 4-inch printheads to sense.

SetAllNozzles

If non-zero, the 32-bit value written to the printhead during the Load-
Dots process is all 1s, so that all nozzles will be fired during the
subsequent PrintDots process. This is used during the preheat and
cleaning cycles.

If 0, the 32-bit value written to the printhead comes from the LLFU.
This is the case during the actual printing of regular images.

Actions

Reset A write to this register resets the MJI, stops any loading or printing
processes, and loads all registers with 0.

SenseSegSele | A write to this register with any value clears the FeedbackValid bit of

ct the Status register, and depending on the low- order bit, sends a pulse
on the SenseEnablel or SenseEnable?2 line if the LoadingDots and
PrintingDots status bits are all 0. If any of the status bits are set, the
Feedback bit is cleared and nothing more is done.
Once the various sense lines have been tested, the values are placed
in the Tsense, Vsense, Rsense, and Wsense registers, and then the
Feedback bit of the Status register is set.

Go A write of | to this bit starts the LoadDots / PrintDots cycles. A total

of NumLines lines are printed, each containing NumTransfers 32 bit
transfers. As each line is printed, LinesRemaining decrements, and
TransfersRemaining is reloaded with NumTransfers again. The status
register contains print status information. Upon completion of Num-
Lines, the loading/printing process stops and the Go bit is cleared.
During the final print cycle, nothing is loaded into the printhead.

A write of 0 to this bit stops the print process, but does not clear any
other registers.

ClearCounts

A write to this register clears the CDotCount, MDotCount,

YDotCount, and KDotCount registers if bits 0, 1, 2, or 3 respectively




of the Status register is set.
sent to the printhead.

dot s

CDot Count Read only 32-bit count of cyan
MDot Count Read only 32-bit count of nagenta

dot s sentwomstohssieri nt head. YDot Count Read only 32-bit coamAwb/oyesbl ow
dots sent to the printhead KDotCount72Read only 32-bit count of black dots
sent to the printhead The MJI's Status Register is a 16-bit register with
bit interpretations as follows: W 03/018316 PCT/ AU02/ 01060 73 TABLE 28
Ml Status Register Nane Bits Description LoadingDots 1 If set, the Ml is
currently |l oading dots, with the nunber of dots remaining to be
transferrgdtm Trangf M SEC Coh W qlhtly 4 Wrike GT® has WO &M | S Nol current |y
If)adl ngtﬂttfﬁﬁﬁbéék“ ngbots—% r—set,~the v Ts m'.ulemly prl IILI g UULS. Ift
C ear, (§ vl :%not cHH—eh IIII.I III.II IIII\J UII. IS Se
whi | e t herjelfe8sg pul JeRg# ‘P‘P]l %@ﬁ?ﬁﬁ‘ TS?‘??S\&OIH? hﬁtl"ﬁsﬁ g%ﬁ%’? det
while therle is a pul §eS@H'Q %meh%%nsggqgmét Irerdymal ‘\f/éfllq EFeﬂbaFll?\@hBlbtt is set
whi | e the |f eedback val abhePsainsegisigsistéb, Rsense, and Wsense are valild.
Reserved 3 VRmisait i ngChReadhpdd fekdbimkof Mekus frdre theurstSehseShgSmappdisbei ng
fired whille the Printségt®iegnehasdisessginens Isatly vRid iithepdsdeak®alid bikh)i s
hol ds the|current nozZzbethdStaigs febisedisvat.l e the PrintingDots status Qit is
set. 7.3. 2. Rsdakenear [apd &%ﬂ?@ée’&gac‘k\/&@&smﬁonﬁ%rﬁ:%ét@Qnéé@@ S"_E%P f'i‘l‘se cycl €s
are sinply acconplisfie ¥o§e HehP@en@éﬁyg%BL?é&]lyQﬁl%g cedBac @ (fozzl es
=1 Set the Pul seDur H%n Ji&4 r%%%{er O.flt ura 1on (in the |case
of the prehegpt—rode)

Wsense Read only feedback of Wsense from the last SenseSegSelect pulse

sent to segment SenseSegment. Is only valid if the FeedbackValid bit
of the Status register is set.

CDotCount Read only 32-bit count of cyan dots sent to the printhead.

MDotCount Read only 32-bit count of magenta dots sent to the printhead.

YDotCount Read only 32-bit count of yellow dots sent to the printhead

KDotCount Read only 32-bit count of black dots sent to the printhead

The MIJT’s Status Register is a 16-bit register with bit interpretations as follows:



or to an appropriate drop ejection duration for cleaning node. Set

Nunii nes to be the nunber of tines the nozzles should be fired Set the Go
bit and twero3wasstic for the Go bit to be cleared when the prcTiAwyoi®es have
10 conpl eted. WO 03/018316 PCT/ AU02/ 05B060 74 7.4 Processor and Menory
7.4.1 Processor The processor 139 runs the control program which
synchroni ses the other functional units during page reception, expansion
and printing. It also runs the device drivers for the 5 various external
interfaces, and responds to user actions through the user interface. It
must have T T ' 1.0 provide effrcient— DvA anagenents) but
ot herw se dgggh#%?gég@gskgh§§£§%$ icﬁlarly hi gh- per f ormance DVA Contrlol | er
The DVA cqniNag@ld er suppol|t Bitsi hdb&cagtogss transfers on 27 channel s (jsee
Table 29).—lt generates|vectored interrupts to the processor on transfer

conpl et i on. Lowlinglp@s 29 DAL chahdéetibadBlissustentnidadingidots, wphthechanndl s
out put chgnnels USB interface|- xpander 1 JPEG decoder 118
hal ft oner/lconpositor 2 8 spea<ean%fbr§?§r_?0§ségen?algm%gq?ﬁtﬁaen Frrieﬁtmerface 4 8 19
27 7.4.3 |Program ROM The progf arfei®@dRengsirighe TCP control program vhich

is loaded|into main nenmpry dufing system boot. 15 .
If Clear, the MJI is not currently loading dots

PrintingDots 1 If set, the MJI is currently printing dots.

If clear, the MII is not currently printing dots.

PrintingA 1 This bit is set while there is a pulse on the AEnable line
PrintingB 1 This bit is set while there is a pulse on the BEnable line
FeedbackValid 1 This bit is set while the feedback values Tsense,

Vsense, Rsense, and Wsense are valid.

Reserved 3 -
PrintingChromapod| 4 This holds the current chromapod being fired while the
PrintingDots status bit is set.
PrintingNozzles 4 This holds the current nozzle being fired while the
PrintingDots status bit is set.
7.3.2.5 Preheat and Cleaning Cycles

The'C]eaning and Preheat cycles are simply accomplished by setting appropriate
registers:
5 e SetAllNozzles = |
e Set the PulseDuration register to either a low duration (in the case of the preheat mode)
or to an appropriate drop ejection duration for cleaning mode.
e Set NumLines to be the number of times the nozzles should be fired
e Set the Go bit and then wait for the Go bit to be cleared when the print cycles have

10 completed.



7.4.4 Ranbus Interface The Ranbus interface provides the high-speed
interface to the external 8MB (64Miit) Ranbus DRAM ( RDRAM). 20 WO

03/ 018316wBWB/0#8302/ 01060 75 7.5 External Interfaces 7.5pPCTIUSB2lonicer f ace
The Uni versal Serial Bus (USB) interface provides a standard USB device
interface. 5 7.5.2 Speaker Interface The speaker interface 250 (Fi gure 35)
contains a small FIFO 251 used for DVA- nediated transfers of sound clips
frommain nenory, an 8-bit digital-to-analog converter (DAC) 252 which
converts each 8-bit sanple value to a voltage, and an anplifier 253 which
feeds the ekt erglesshiCatieMemthgn the FIFO is enpty it outputs a zero val ue.
10 The speaker interface is clocked at the frequency of the sound clips.
The procedsbl dpgrssar a sound clip to the speaker S|nply by progranm ng the
DVA channel of the s nterface rface Th

oaral L6l nt er riEdrosseen 3 riBLR PR B 2p b P Ries G B g
lines. |tungk h@m?% r&fc@ﬁmwpaﬁs@n%ﬂa@anmg qmidmlns theeledieY UF €& Farghed i n
Tabl e 30. TABLE 30Parallel Interface devices parallel interface devices .
pover But tverHopegrésmeldeigripenst H1dl respondy tolusey acggps Bfeugh pleg useEDterfagk | ow LED

medi a sensor  PaPGI g Had0 RRPlnteriipt RRSLy, T bR dMR A AN ma e MR H AL 060

otherwise does not need to be particularly high-performance DMA Controller.
The DMA controller supports single-address transfers on 27 channels (see Table

29). It generates vectored interrupts to the processor on transfer completion.

10
TABLE 29 DMA channel usage
functional unit input channels output channels
USB interface - ‘ I
EDRL expander 1 1
JPEG decoder 1 8
halftoner/compositor 2 8
speaker interface l -
printhead interface 4 -
8 19
27
7.43 Program ROM
The program ROM holds the ICP control program which is loaded into main
memory during system boot.
15

7.4.4 Rambus Interface
The Rambus interface provides the high-speed interface to the external 8MB
(64Mbit) Rambus DRAM (RDRAM).

20



76 7.5.4 Serial Interface The serial interface 232 provides two standard

| ow- speed serial ports. One port is used to connect to the master QA chip
85. The owbasnisiased to connect to the QA chip in the i mkcTearoidge 233.
The processor-nedi ated protocol betwewn the two 5 is used to authenticate
the ink cartridge. The processor can then retrieve ink characteristics from
the QA chip, as well as the remaining volune of each ink. The processor
uses the ink characteristics to properly configure the Menjet printhead.
It uses the remaining ink volunes, updated on a page-by-page basis with

i nk consunpé i ongpf ol Thek@ResaCcUMul ated by the printhead interface, to
ensure that it never allows the printhead to be damaged by 10 running dry.
7.5.4.1 | rkS.CarySBdgterfaée Chi p The QA chip 233 in the ink cartridge contains

information re r d for e best. possible ual i and
o P enmnt ea s (el ARG CL medRerovnnB Saprars B bl Tusarde:
the authentication chip are allocated as follows: TABLE 31 Ink cartridge's

256 bits (16 entries of 16-bits) Mn] access width description 0 ROa 16
Basi ¢ Beadkb? fipegherlnterfaceRO 16 Serial nunmber. 2 RO 16 Batch nunber. 3 RO

16 Reserved for fut e 0. 4 i erties.
5 RO 16 Magent a 15w pkref)berr?lr}ggg@(%g 3508 nglp%wﬁ%%%%gﬂﬁeggo%ﬁ% 16
Bl ack i nk rpediped tragders 8f SoladcBps famnnmﬁlmernafml 40 §3Bit digalR@Pealdplcesverldd

03/ 018316 PCT/ AU02/01060 77 10-11 DO 32 Magenta ink remainin in

nanol i t r esDAGYR523vIneh aonvers pasly Sbik sanattavWp e @ voltasgrmsiap agplilier 253

which feeds the external speaker. When the FIFO is empty it outputs a zero value.

10 The speaker interface is clocked at the frequency of the sound clips.

The processor outputs a sound clip to the speaker simply by programming the DMA

channel of the speaker 1nterface.

15 7.5.3 Parallel Interface
The parallel interface 231 provides I/O on a number of parallel external signal lines.

It allows the processor to sense or control the devices listed in Table 30.

TABLE 30Parallel Interface devices

parallel interface devices

power button

paper feed button

power LED

out-of-paper LED
ink low LED

media sensor

paper transport stepper motor




14-15 DO 32 Black ink remaining, in nanolitres. a read only (RO b
decrenent only (DO Before each page is printed, the processor nust check
t he ambumyvoaB/oissike remai ning to ensure there is enough forcammebicce

wor st - case page. Once the page has bewn printed, the 5 processor
multiplies the total nunber of drops of each color (obtained fromthe
printhead interface) by the drop volune. The anount of printed ink is
subtracted fromthe anount of ink remaining. The unit of neasurenent for
ink remaining is nanolitres, so 32 bits can represent over 4 litres of

i nk. The n i ed for a page nust be rounded up to the nearest
nanol it reafggl?éjefseg%lpir'{(}%f% ely 1000 printed dots). 10 7.5.5 JTAG Interface A
standard JTAG (Theisatial Testfacdcd3 pnovaiasupp siantadflaeepees! senallpodsd f or testing

pur poses. Due to the conplexity of the chip, a variety of testin
Pechni ques ar e QUEqrisgsed (o seriia) ghemesey e T T8sPeTisisd liipnnect
functi onali, Bleq§k chpah @d iAR cal¥igRV3h! Bfesi@%nidad@ pfIdbdd] BERReh thedSpumed

for overall chip testing circuitry. WO 03/018316 PCT/ AU0O2/ 01060 78 8
Ceneri 6 Pri$ ntedito ButherdicatElihs inkesettiidge. dbs processer gariben retripyp etk chapdcteaustics
host - base rint river for iPrint. 81 G i C nd | magi n del, 5 W
nosune. & ndroTE HE G chipettpl e e ghigg et PatiT THF PREERBALeL PR s
system  sRahb@fistidd€o ProbBlREordigudahe SRR ttad devics ehsRaidinginkandl i ng
for different graphics an i magi ng operations, in particular conpositing
oper at i onsyolmest epdatedaranagerhy-page basisswile inkiransurpptiangsforpaber Feymalatsor t
for col or z to: h ice- | - rted to
pri nt - spd o B indftacd B ertBie B AGECRIATRL pfRhgly S0 AfaGANE Ty
i PrinttospeandihgdtyCC (|1 nternational Col or Consortium) color profile. The
color profile is normally selected inplicitly by the user when the user
specifies the output nediumin the printer (i.e. plain paper, coated
paper, trasparenpy Cﬁf-t?idge_(?x'@h ge description sent to the printer

[

al ways contai ns devi ce-specific K col or.
The QA chip 233 in the ink cartridge contains information required for maintaining

the best possible print quality, and is implemented using an authentication chip. The 256

15  bits of data in the authentication chip are allocated as follows:

TABLE 31 Ink cartridge’s 256 bits (16 entries of 16-bits)
M(n] access| width description

0 - | RO"-| 16 - | Basic header, flags etc.

i 1 RO | 16 Serial number.

2 RO 16 Batch number.

3 RO 16 Reserved for future expansion. Must be 0.

4 RO 16 Cyan ink properties.

5 RO 16 Magenta ink properties.

6 RO 16 Yellow ink properties.

7 RO 16 Black ink properties.

8-9 DO° 32 Cyan ink remaining, in nanolitres.




We assune that the host graphics systemrenders images and graphics to a
nom nal 15 resolution specified by the printer driver, but that it allows
t he printwoodnisseé to take control of rendering text. |npgarAuocol@n, the
graphi cs system provides sufficient imformation to the printer driver to
allowit to render and position text at a higher resolution than the

nom nal device resolution. W assune that the host graphics system

requi res random access to a contone page 20 buffer at the nom nal device
resolution,. into which it conposites graphics and i magi ng objects, but
that it allows the printer driver to take control of the actual conpositing
- i.e. it ["GXPECTE BHE Pript e [dKia¥Ehta ik [EAATIGE, im Ralofges Ul T €T 8.2 ,
Two- Layer ge Buffer 25 The prlinter's page des@ription contains a 267 ppi
contone | gyé&2-1and| &m0 800 31>pi blla¥kilow ayleremaiiieg, bh agdolitayer i s conceptual l'y
above t he r-nnto relt-aver tthe—bl ack—taver—is r-nrrnncl ted over thd
cont one |cLy£ n?thr B%Fl‘?ﬁ@maﬂ“ﬂi‘&é‘? ngidii8s-or e mai nt ai ns |a
page buff razbqexy}% 2 Zrespo dimgry contains a medi umrresof atiom ctont one
| ayer 261 and a high-resolution black |ayer 262. 30 The graphics sygtens
renders' and® conjrosinteasonlpj(BEHs i nto the page buffer bottom up - i.el later
obj ect s obsecure—earti-er—objects—This—works—pnaturally when there is gnly a
single Iayer but not when there are two | ayers which will be conposited

| ater. PCT L 7 r t ect
when an Ob] ec%e?ﬁ%ﬁé@gd%ﬁlﬁﬁgﬂgﬁt@%ﬁr rﬁg%/tgﬁéo g%:%}lglgﬁ%zgﬁ(e% 8“ n the
bl ack | ayeto.enire theobs cnowghi fonan althlevvecsltedse p:age Orzschby mgelhhabdenmmm&idst}mr e

conposited with th con one |l a fro t he hl ack | ayer. The
obsbur g WSt TaupHB N W "GRHF SATons ARELEHORRaTEg diom e san iy

i nteract i ngeyatd) vhyhke @floﬁQ/KluPdeX The amBu UMPrined inH fs shbactRIMRAR tHel Mebuxpde of
t he obscuring objéct is such that no interaction wth the background is

possi bl e, ik éﬁﬁﬂ'ctlh@gbT@clmltmfmﬂ@;U@mqmsfpﬁmkyememmgs@ apnfgdresd sol@dits loaih ng

corrp05|tedvv| h.the ,cont n pr.act i cou theelsllttle
i nteraction Em Overﬁltlntéescog %O@X‘ﬁrg%r}t Oaftnc}( ustef%%fb‘i RiSK ”Puﬁ[ %f'ou%e 2 Opr nt er

driver Spa{élafdsﬂ‘@anahﬁ@meﬂalbpr@ﬂgﬁtdﬁﬂm&{irirﬁéﬁ @jts)267 ppi to the graphics
10

7.5.5 JTAG Interface

A standard JTAG (Joint Test Action Group) interface is included for testing
purposes. Due to the complexity of the chip, a variety of testing techniques are required,
including BIST (Built Tn Self Test) and functional block isolation. An overhead of 10% in

15  chip area is assumed for overall chip testing circuitry.



system Where possible the printer driver relies on the graphics systemto
render image and graphics objects to the pixel |evel at 267 ppi, with the
excepti onwofosplissek text. The printer driver fields all texi/A®@adersdng
requests, detects and renders black t®xt at 800 dpi, but returns non-bl ack
text rendering requests to the graphics systemfor rendering at 267 ppi. 15
| deal |y the graphics systemand the printer driver mani pulate color in
devi ce- independent RGB, deferring conversion to device-specific CMYK until
the page is conplete and ready to be sent to the printer. This reduces

page buffeg reqgen&iEpPtinter Diverkes conpositing nore rational. Conpositing
in CWK col or slgace is not ideal. Utimately the graphics system asks the

printer driver bsém@posiﬁftcélbéﬂagﬁﬁeﬂ@hmﬁé@falzsthSbP@F@ﬂ printeo dtiler fpr iPmingr
driver's page buffer. Each such object uses 24-bit contone. RGB, and has an
explicit (or inplicitly opaque) opacity channel. The printer driver

mai nt ai ns 8.ne t@ﬁaﬂmyﬂn@ml Matel 260 in three parts. The first part is
the nediumresol ution (267 ppi) contone |layer 261. This consists of a

24-bit RGB  bi t Wegissurprethgebe AENIBRAR Vards gosrxieanpladeyis teihopt dsipidde sysiger  263.
Thi t T
TH S canS 5t acthe B Bhor £ BROfE L i ARRGADIE & RAEH s

opaci ty bi tmng opeeativas)iin partiesof dﬁ]ﬁl}ﬁﬁ@lthga@k{raha})lﬁndlt6xt®p61tab6ﬂmp| ed version
of the hi gh resol ution otpg h% ‘geﬁ racti ce, assumng the nmedium
resolution is a & 433 Rfethat the RO Proy! SPPW ogRolPEE@NAEEMSAL. ‘é”ﬁ‘t dgyice-g8o0 /

267 = 3), maACKnABAICHH: AT wnlv%ooceqphﬁtys e ﬁkWYﬁﬁé&%%Q%Qn@é’rdWa rgaLag

t he correspondlng n X n high-resolution opacit ues. Thi's 30 cofresponds
to boxl(Fi | orea e&br§albgadrﬂ?nmp60ﬁm1€ﬁlﬂsanmklpm:g Gﬂioxt(Emlsmitlauia cplox ptcfile. The
effectivel ant j.al.i ases .edges in the high-resolution black.laye thereby
reduci ng r%l(ﬂ%rl [hra% At BT Saﬁ%ﬁé mﬁ‘ﬂé“%’bfﬁ)?%’ﬁéls?r%n F%US%EJ%G@HI?@%]H Qptput

JPEG- conpr gssiash ianke ?l‘ﬂﬁ&f(ﬁ)é 8858 %a éAQda&/d%?&lﬁ}axPs@I{eﬁé#)%(C(F}lfﬂﬁ@pag%o The
structure and size o aebufer is illustrated in Figure 36 8.3
Conposi t i ngFshbRfEn SFDfrIOttleeprpmrﬁé\gw ehagisgus sispgsvidieMpdgeolbuf f er

conposi ting m)dﬁlle smﬁ‘ne t‘ﬁfa {H I](Bsqgraé)%lcs(gwtgr}ll\"rgr%eva}ﬁftagglna%? (%rr%%%%o a nominal

Conposi ting variabl es vari a cription F S0l
15  resolution specified by the printer driver, but that it allows the printer driver to take control

of rendering text. In particular, the graphics system provides sufficient information to the
printer driver to allow it to render and position text at a higher resolution than the nominal
device resolution.
We assume that the host graphics system requires random access to a contone p;lOC
20  buffer at the nominal device resolution, into which it composites graphlcs and i 1magmg
| objects, but that it allows the printer driver to take control of the actual composxtmg -ie. it

expects the printer driver to manage the page buffer.

8.2  Two-Layer Page Buffer

25 The printer’s page description contains a 267 ppi contone layer and an 800 dpi black
layer. The black layer is conceptually above the contone layer, i.e. the black layer is
composited over the contone layer by the printer. The printer driver therefore maintains a
page buffer 260 which correspondingly contains a medium-resolution contone layer 261
and a high-resolution black layer 262. |

30 The graphics systems renders ‘and composites objects into the page buffer bottom-
up - 1.e. later objects obscure earlier objects. This works naturally when there is only a

single layer, but not when there are two layers which will be composited later. It is



n mediumto high resolution scale factor - CBgM background contone | ayer
col or nmedium 8-bit col or conponent COobM contone object col or nedium 8-bit
col or conwosnusz1teCbM cont one obj ect opacity medi um 8-bit ramaciowi1ddbgM

medi um resol uti on foreground bl ack nemi um 8-bit opacity |ayer opacity Cf’
foreground bl ack | ayer opacity high 1-bit opacity ctTvH bl ack object
opacity high 1-bit opacity Wien a bl ack object of opacity a7xH is
conposited with the black layer, the black layer is updated as follows: 10
aFg j-i[x, y] f- ar Hx, y] va-. j-i[x, y] (Rule 1) 1 n-1 n-1 argMx, Y]

2 Y 255 apgdme necéssalr)'/XO Hedect(WREnSindhiechbdin %Jlac&i Jﬂ"ﬁe@@ht‘%ﬁé ld‘?&a&is&l}feé S
sinply ored with the black |ayer opacity ( , and t

cor r espondpmgthprran e btahk layedi um r esol uti on bl ack | ayer | s re corrput ed from

he hi gh- | bl ack | le, 2). bj.gct.,of _col
CooM and opaci 1§ IR S GEGE Ead PP oA PR R A TePS R B one.

| ayer and cbﬂ@n@lag&kan'd&b’lﬂbvéﬂ feorH ek 186k l@?erf "Phd SB¥Buri R et KlBéd fid down on
PCT/ AUD2/ 01060 Xyl f CBOM X 'y10 - aFgMi, Y1) if aGbMX, y] > 0

(Rul e 8) taggputone lwer,@os&)biyfmta@su@&mtt;]the>bl@ck(m¢lélmgor%myaa{ Mthg] - 0 if

M

bl ack | ay @bssilEly Sher Il‘l'nel‘MIickfphblellsycaﬁQ&ﬂpl§|b§t ,dlSCﬁﬂﬁed azﬁthe@tttﬁd]ghiomimltay\enh mexel s
are pushed fromthe_black layer to the contone | ayer, i.e. nposited with
the cont oReNPEY kel Rupracte, affPureniheds #lFt@dMCWéUBIP a@weﬁrag}@rcovm¢ kyerapdd 10
Rul e 5). Tﬁ@blﬁ&@fa?&e object is then conposited with the contone |ayer (Rule
6) . '

10 The printer driver specifies a nominal page resolution of 267 ppi to the graphics

system. Where possible the printer driver relies on the graphics system to render image and
graphics objects to the pixel level at 267 ppi, with the exception of black text. The printer
driver fieids ail text rendering requests, detects and renders black text at 800 dpi, but
returns non-black text rendering requests to the graphics system for rendering at 267 ppi.

15 Ideally the graphics system and the printer driver manipulate color in device-
independent RGB, deferring conversion to device-specific CMYK until the page is
complete and ready to be sent to the printer. This reduces page buffer requirements and
makes compositing more rational. Compositing in CMYK color space is not ideal.

Ultimately the graphics system asks the printer driver to composite each rendered

20 objecf into the printer driver’s page buffer. Each such object uses 24-bit contone RGB, and
has an explicit (or imp‘l.icit]y'opaque) opacity channel.

The printer driver maintains the two-layer page buffer 260 in three parts. The first
part is the medium-resolution (267 ppi) contone layer 261. This consists of a 24-bit RGB
bitmap. The second part is a medium-resolution black layer 263. This consists of an 8-bit

25  opacity bitmap. The third part is a high-resolution (800 dpi) black layer 262. This consists
of a 1-bit opacity bitmap. The medium-resolution black layer is a subsampled version of the
high-resolution opacity layer. In practice, assuming the medium resolution is an integer
factor n of the high resolution (e.g. n = 800 / 267 = 3), each medium-resolution opacity
value 1s obtained by averaging the corresponding n x n high-resolution opacity values. This

30  corresponds to box-filtered subsampling. The subsampling of the black p‘i'xels effectively
antialiases edges in the high-resolution black layer, thereby reducing ringing artefacts when

the contone layer is subsequently JPEG-compressed and decompressed.



If a contone object pixel is fully opaque (i.e.aobMx, y] = 255), then
there is no need to push the correspondi ng black pixels into the

backgr ourmoaonissne | ayer (Rule 3), since the background eomAane/opicael wil l
subsequently be conpletely obliteratesd by the foreground contone pixel
(Rule 6). 15 Figures 37 to 41 illustrate the effect on the foreground bl ack
| ayer and the background contone | ayer of conpositing objects of various
types onto the image represented by the two layers. In each case the state
of the two layers is shown before and after the object is conposited. The
di f ferent resohyt k@RSuRfanl BEe bOIMRPLOLUPEF AN IRSGHE RUnLurel3yer s are
indicated by the layers' different pixel grid densities. 20 The out put

i mge represented to the two |ayers is shown without a pixel grid, since

t he actual, yendering. of imge is not the focus of discussion here. The
medi um rego{ ut %S’H‘If‘gftgb%%ﬁﬁl bl ack layer is not illustrated, but is
inplicitly prgseMepulfiRaesreriscRbimy the pigetiffer €8mp6yitikembidwe esfiethé on
foreground black layer, Rule 2 is inplicitly applied to the

medi und r eddlawinpnadiaresgr ound bl ack | ayer. Whenever Rule 4 is 25 applied,
Rule 5is alsoinplicitly applied. Figure 37 illustrates the effect of
conpositing a black object 270 onto a white inage. The black object is

sinply comesLEsd ir@@nlsmiﬁ?gmﬂmgnd bl ack layer 271 (Rule 1). The
backgroungl_contone layer 272 |s unaffected, nd-the output i s the

y S L ) p I hage 273 |
bl ack obj &ariableQ Fi gure 38les¢riptian at es t he gesdutionr conpdermahg a cgnt one
obj ect 28b—onto whi-t '

te—tnage.—The—contone—pbject—2p0—1s sitnpty ctonpysi t ed
into the ad&kgrounH‘eé?Bﬂ%"n*Bg}?éeﬁ%'Ph%? %%f 18316 PLT/ AUD2/ 01060 82 |(Rul e

6). The fereggroumd black tayer—281t s umaf ferted, a3 1n ege 283
is the contégte objl)%%ktg.roulgfiﬁé?tgn%éy?rlﬁotlfgrt ratep rﬁ&éurgf e%@l?géigtg&n%%dﬁé ing a

Agai n Che|Brack dor g8 o0t OPCL SR dc
| ayer 291 (Rute1) .- Ihe. bact md—contone Tayer 0§ Magkecied. and the
out put imig%O%S hgcsmt?ﬁee&g{!%%k%g) j ect 290 ovarrﬁ{dﬁ% ca%%gﬁcﬁ?ect 292.

Fgure 40| L ST P hReRi FesBIutiBR ForBrobRITBABE T | e OPAgIE opRIGONE 0PI Get

ﬁglog~él(:lil(é80rdi ready comnt irﬁécﬁ a
act i 878 rrpll y conposited | nto

layer opacity

OLpgr foreground black layer opacity high 1-bit opacity

OlTy black object opacity high 1-bit opacity

When a black object of opacity a7y is composited with the black layer, the black

layer is updated as follows:

10
Opor[X, Y] = Cponlx, Y1V Crenlx, ¥] (Rule 1)
n—ln-1
Opgmlx, Y] <= — > D" 255 Opgulnx + i, ny + ] (Rule 2)
n =0 j=0

The object opacity is simply ored with the black layer opacity (Rule 1), and the
15  corresponding part of the medium-resolution black layer is re-computed from the high-

resolution black layer (Rule 2).
When a contone object of color Cppp and opacity Qppp is composited with the

contone layer, the contone layer and the black layer are updated as follows:



i mge al ready containing a black object 301. Since the contone object
obscures part of the existing black object, the affected parts of the

exi sti ng wo-evsslic obj ect are renmoved fromthe 10 foregroumdT@ekideayer 302
(Rule 4). There is no need to conposifle the affected parts into the
contone | ayer because the contone object is fully opaque, and Rule 3 is
therefore skipped. The contone object is conposited into the background
contone | ayer as usual 303 (Rule 6), and the output inmage 304 shows the
contone object 300 over, and obscuring, the black object. 15 Figure 41
illustrates the effect of conpositing a partially transparent contone
object 310 onto an inmage already containing a black object 311. Since the

cont one ol gedx,0fseuasy[paitl ofcad hex, 64) sifi g, h[80K 00 ect PRulé 8) 1y

transparently, the affected parts of the black object are conposited into

t he contonﬁ%bﬁyey‘éie (Ruds,1Bx, ylan@d are then(Red®dygd from the foreground
bl ack | ayer "313 gRuIe 4). The contone object is then conposited into the

20 backgr amndieontcon@ Lipyes,,a8/ usydln}31e (Rul e 6) (Rueshi nal image 315
shows darkeni ng of those contone pixels which transparently obscure parts

of t hesexic g I eciC,ghliesi(1 . EReS IFNDL AT 9TaaxOF| | (RUYe 89 Cnce

page rendering i's conpfete, the printér driver conver e contohe | ayer
to iPrint-specific CWK with the help of color nmanagenent functions in the

gr aphi cs syste The printer driver the resses and packages the bl ack
layer and the cr%ﬂ?rBYFé tﬁ%‘i@r"orﬁeﬁg&chﬂbﬁc?’iﬁ? ﬂtecbg%géa%sfaﬁ Bt U HOPERELY-i bed i n

Section 5.1% off& NAKCaGEDEHALIrE ﬁﬂsﬂe@ froftfihk BRI R FayePid HE c?ﬁti)ﬁlst l%f/er}/ii.é? the
standard spooler. 30 Note that the black layer is manipulated as a set of

1- bit opacsomposigddueith) thegoniose laged (Rudr Bcknt gerhdreedfrom therblack layes €Rulef abdbi t
tho. sdie. nSR skdneabnan Ogng L ieh6oRB A TRpPLRaRo Raafes e Y vo T ¢
O/ NT Pri nt i ng Syeeant ithE W SoL SR o) s er koo
printer 33Qed fo pusHtRdYreSpFHdHpaRack pﬁx@@ﬁt@fhe%@&gg&ﬂ{d @itodd layePRIHOB L AL €s
with it via the graphics device interface 322 (GD).
since the background contone pixel will subsequently be completely obliterated by the
' foreground contone pixel (Rule 6).
15 Figures 37 to 41 illustrate the effect on the foreground black layer and the
background contone layer of compositing objects of various types onto the image
represented by the two layers. In each case the state of the two layers is shown before and
after the object is composited. The different resolutions of the foreground and background
layers are indicated by the layers' different pixel grid densities.
20 The output image re'présented to the two layérs is shown without a pixel gﬁd, since
the actual rendering of the image 1s not the focus of discussion here.

The medium-resolution foreground black layer is not illustrated, but is implicitly
present. Whenever Rule 1 is applied to the high-resolution foreground black layer, Rule 2 is
implicitly applied to the medium-resolution foreground black layer. Whenever Rule 4 is

25  applied, Rule 5 is also implicitly applied.

Figure 37 illustrates the effect of compositing a black object 270 onto a white
image. The black object is simply composited into the foreground black layer 271 (Rule 1).
The background contone layer 272 is unaffected, and the output image 273 is the black
object. ’ '

30 Figure 38 illustrates the effect of compositing a contone object 280 onto a white

image. The contone object 280 1s simply composited into the background contone layer 282



The printer driver graphics DLL 323 (dynamic link library) inplenents the
devi ce- dependent aspects of the various graphics functions provided by
GDl . The wpacloes31833 handl es the delivery of pages to thepomiAttoeniosand may
reside on a different machine to the2application requesting printing. It
delivers pages to the printer via a 10 port nonitor 334 which handl es the
physi cal connection to the printer. The optional |anguage nonitor 335 is
the part of the printer driver which inposes additional protocol on
comuni cation with the printer, and in particul ar decodes status responses

fromthe pRipt rThé’fbr%‘?&ﬂn'dfblégk (hY26 28 POl Bffect E@%n?gﬂre‘ﬁ\ﬁéut%hg’eef%q?ﬁ{e

interface DLL nments the user |nter ace ting
prlnter-spmmkmeobpcopertles and reporting prlnter-speC|f|c events. The

structure of t o] i nt stem Ius ated in Figure 42.
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the device surface is conceptually a color bitmap. The agpllcatlon can
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according I;tlgckaobject.

15 Figure 41 illustrates the effect of compositing a partially transparent contone object
310 onto an image already containing a black object 311. Since the contone object obscures
part of the existing black object partially transparently, the affected parts of the black object
are composited into the contone layer 312 (Rule 3), and are then removed from the
foreground black layer 313 (Rule 4). The contone object is then composited into the

20  background contone layer as usual 314 (Rule 6).

" The final ifnage 315 shows darkening of those contone pixels which transﬁérently

obscure parts of the existing black object.

84  Page Compression and Delivery

25 Once page rendering is complete, the printer driver converts the contone layer to
1iPrint-specific CMYK with the help of color management functions in the graphics system.

The printer driver then compresses and packages the black layer and the contone

layer into an iPrint page description as described in Section 5.2. This page description is
delivered to the printer via the standard spooler.

30 Note that the black layer is manipulated as a set of 1-bit opacity values, but is
delivered to the printer as a set of 1-bit black values. Although these two interpretations are

different, they share the same representation, and so no data conversion is required.



standard 1 CC (International Color Consortiun) color profile of the device.
A printer driver can activate a different color profile depending, for
exanpl e, wo whessuscer' s sel ection of 5 paper type on the dricreytoransged
printer property sheet. GDI supports 43 ne and spline outline graphics
(paths), imges, and text. Qutline graphics, including outline font

gl yphs, can be stroked and filled with bit-nmapped brush patterns. G aphics
and i nages can be geonetrically transformed and conposited with the
contents of the device surface. Wile Wndows 95/ NT4 provides only bool ean
conpositing 10 operators, Wndows 98/ NT5 provides proper al pha-bl endi ng
[9]. 9.3 Printer Driver G aphics DLL A raster printer can, in theory,
utilize sﬁandarWiqﬂdme&(/NTrPﬁeter(Ib‘hmnents under W ndows 9x/NT, and this

can nmake t ter driver trivial. This relies 15 on
bei ng abl «,th ﬁ&ﬂﬁov’fsﬁéﬁggw E,’g'bgﬁ’?s as a single bitmap. The problemwith
this is that teqykheaWehdoWRIREINTBEALREsysRANBI B aaﬁnrhm,zgamﬁfmms%wé\ Thi's

ei t her conprom ses t ext resol uti on, or gener ates too muc out t dat a,
conpr ofti siang apepplinaiiaméad] commyeisates With itoas teegraphiex danice dntapipreoR@{GY)-t o

d bl agk h
bt oduct ;0 B SRS AARASE DRE o5 IO Ll FRBnibbp PRt ORI oy

accor di ng depertdest pacs bﬁtheesm@m gekehdsi it oh ) proeidetl b GDI. The driver
therefore maintains a two-|ayer three-part page buffer as described in
Section 8.2, aﬁa‘etSHP%leﬁ%%‘éa"@Wét‘hetq?@Vﬁﬁ’loﬁPéges P thedringRisindiaREetge PN Armnagi ng

the devi oo AaSnd BBy R AN ARRA%: SiAtel t Pl RIS 8 e BhhieCRh 2

access to t evi ce sur nagi'ng t ace The
pri nt d0 drhovemomust334 wipdr iandles tireprysiodl cshmmdanmblﬂﬁarpcmtemrﬁ;e qpnohaldl ng the

foll owi ng:, FABLE 33. St lard graphi cs drivye terface fyncti ction
descri pti SHEHPERBBIERE $3 e ”Penf?aﬁ ‘gltheel?ﬁrft?/r %bveﬁi”?' Cﬁt‘%‘pf’f‘ﬁﬁ a ?11“\9% iﬂqoﬁs
DLL. Ret urdagm@ficHi®asath @E philReahens aﬁum&rdeeyde@xtatd%ereqfoh%%rfrorﬁfme%/nﬁél%lfs
PCT/ AU02/ 01060 85 rvEnabl ePDEV Cre lges a |l ogical representation of a

physi cal dentepelf af the spooler.

The printer driver user interface DLL 336 implements the user interface for editing
15  printer-specific properties and reporting printer-specific events.
The structure of the Windows 9x/NT printing system is illustrated in Figure 42.
Since iPrint uses USB IEEE-1284 emulation, there is no need to im'plement a
language monitor for iPrint.
The remainder of this section describes the design of the printer driver graphics
20  DLL. It should be read in conjunction with the appropriate Windows 9x/NT DDK

documentation [8][9].

9.2  Windows 9x/NT Graphics Device Interface (GDI)
GDI provides functions which allow an application to draw on a device surface, i.e.
25  typically an abstraction of a display screen or a printed page. For a raster device, the device
surface is conceptually a color bitmap. The application can draw on the surface in a device-
independent way, i.e. independently of the resolution and color characteristics of the
device.
The application has random access to the entire device surface. This means that if a
30  memory-limited printer device requires bzlmded output, then GDI must buffer the entire
page’s GDI commands and replay them windowed into each band in turn. Although this

provides the application with great flexibility, it can adversely affect performance.



whi ch the driver can associate a drawi ng surface. rvEnableSurface reates a
surface to be drawn on, associated with a given DEV. DrvEnabl ePDEV

i ndi cat eswDm3@¥316 vi a the fl G aphi csCaps nmenber of the retramnan2/oDiEY] NFO
structure, the graphics rendering capabilities of the driver. This is

di scussed further below. 5 DrvEnabl eSurface creates a device surface
consisting of two conceptual |ayers and three parts: the 267 ppi contone

| ayer 24-bit RGB color, the 267 ppi black |ayer 8-bit opacity, and the 800
dpi black layer 1-bit opacity. The virtual device surface which
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is the resolution operations ta oug
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9.3  Printer Driver Graphics DLL
A raster printer can, in theory, utilize standard printer driver components under
Windows 9x/NT, and this can make the job of developing a printer driver trivial. This relies
15  on being able to model the device surface as a single bitmap. The problem with this is that
text and images must be rendered at the same resolution. This either compromises text
resolution, or generates too much output data, compromising performance.
As described earlier, 1Print’s approach is to render black text and images at different
resolutions, to optimize the reproduction of each. The printer driver is therefore
20  implemented according to the generic design described in Section 8.
The driver therefore maintains a two-layer three-part page buffer as described in
Section 8.2, and this means that the printer driver must take over managing the device

surface, which in turn means that it must mediate all GDI access to the device surface.

25 9.3.1 Managing the Device Surface
The printer driver must support a number of standard functions, including the

following:

TABLE 33 Standard graphics driver interface functions

function description

DrvEnableDriver [nitial entry point into the driver graphics DLL. Returns

addresses of functions supported by the driver.




Al t hough the printer driver is obliged to hook the aforenentioned
functions, it can punt function calls which apply to the contone |ayer
back to twe woissespondi ng GDI inplenentations of the funecro®z/osiénce the
contone |layer is a standard-format bigsmap. For every DrvXxx function there
is a correspondi ng EngXxx function provided by GI. 5 As described in
Section 8.2 , when an object destined for the contone | ayer obscures

pi xel s on the black |ayer, the obscured black pixels nust be transferred
fromthe black layer to the contone | ayer before the contone object is
conposite RN mtone e K to-this proce worki-rg—+3$ t hat
obscurati olr?&%nq%l[g?ggye)d and E%F g&oglcnal {Wégsﬁ%%&%raoi% Xswagéefvbﬁﬁew‘lt IS
punted back to GDI. This inv@hicashd@iver simisegriitbe dpdwiak siyacei xel opacity of
the 10 contone—object fromilts geonetry and using this opacity ta

sel ect i vel [PrifinahlePuiags ack pfreares a sarfesmte he drswacen, bsspeiatedovithagivomt ond
| ayer as described in Secti gy2. 9.3.2 Determ ning Contone Obj ect
Geonetry Ift is possible to %err’n’ ne the geonetry of each contone obj ¢ct
before it is rendered 15 and thus determne efficiently which black pixels
it obscures. In_the case _of DrvCopyBits and DrvPaint, the geonetry is

det er i ned by aDHE“BbléBPE(th(“G@PP%QPL vignihe HCeaphi¢sE apemamberefdbe wuraed et  of
rect angl es f St.r j . . C | | cat ed.

Dr vt 1 oker2et "ShORuRgR, B st RxIERRL Capab O 86 8nTB AnEIBL 6B
segnent s, fartershetgh.e- pi xel -wi de |ines and 20 geonetric-w de |lines. The.
first ep is tlﬁ %Otiald t he corrFI ex't%é of Bezier-spline curve segnments and
georet rl c- wi de PIRadIgPy SFFFé‘eS@)Ael‘, & 3#f455 CPOMESSH £ sorpeAYaldayranand ¢ v
flags ( CCARR:BEAL-ERS26NEhi GoAR R R0 el %sgcgl ps  nmenber
of the driver '%E%DEVI NF sftruc?ﬁ%%hﬁ cause%ﬂ’fcgglj&?gtpégagl?% at el?such

cal | s as epaeisy,@hd dienisl0alpi black kayewl -bit opesityt Thd virrgehdevade suBle whivies a dri ver

t he opportunit 0 .25 accelerate high-level .ca ilities,.hut sinulates an
capabﬂoi tiée%‘gapn {agepsrﬂ(%)c\’/sfig‘éla %ﬁrsﬁﬁéa&l‘) resolfap 832%?%8% thisds h‘ﬁlr‘ifs%]llj 1on y

det er m ne ithehigeQDRbpetatddnsdalei pigee- pi xel -wi de straight line. Such a line
can be solid or cosnetic. In the latter case, the line style is determ ned

by a $tyling atlgpehihe apgreggieqiae befferirequings abous GBMB ¢LmMBATTIRS)PC The

styling ar L} the. nat es between bei ng opaque and
transpar en(Efﬁ%(ﬁ %g‘g&ﬁ Lﬁﬁg%%,argﬁn lsng%éﬁ%)%'t s 30 various dashed |line
effects etc. Wiarpridiec bnhamsbingshsddvidd shifackandshddrt@tGb] fesssaan ndaso that

usefully be rendered to the _ - .
the printer driver must support the following additional functions:

A\1”4

TABLE 34  Required graphics driver functions for a device-managed surface

function - |description

DrvCopyBits Translates between device-managed raster surfaces and GDI-

managed standard-format bitmaps.

DrvStrokePath Strokes a path.
DrvPaint Paints a specified region.
DrvTextOut Renders a set of glyphs at specified positions.

15

Copying images, stroking paths and filling regions all occur on the contone layer,
while rendering solid black text occurs on the bi-level black layer. Furthermore, rendering
non-black text also occurs on the contone layer, since it isn’t supported on the black layer.
Conversely, stroking or filling with solid black can occur on tﬁe black layer (if we so

20  choose).



bl ack |l ayer, though with the increased width inplied by the 800 dpi

resol ution. WO 03/018316 PCT/ AU02/ 01060 87 9.3.3 Rendering Text In the
case of awDros/Dessiut, things are also nore conplicated. FipcIiAw2/oidse opaque
background, if any, is handled |ike asy other fill on the contone |ayer
(see DrvPaint). If the 5 foreground brush is not black, or the m x node is
not effectively opaque, or the font is not scalable, or the font indicates
outline stroking, then the call is punted to EngTextQut, to be applied to
the contone | ayer. Before the call is punted, however, the driver

determ nes the ql i.ni | ' Vi
FONTOBY. cot oy JRETEF Hetrflor BRGE, iobRetaf ot A Ponbd fuld ot Bap e
bl ack | ayeunt filictidn qalintihiud #ppDBrte Text¢ddudnedayer back tale adrteop@dig GBI

docunent at.i on i s anbi guou then the driver should disallow conplex text

), . .
oper at i ondMPRRDEURRS PlfES Ficians, SRFNEESaRIops yersie psianAgyd(tBymat bearPnkPT he
GCAPS_VE SN hhi Iaa(g,gre - di 1, G: h¥r nodes (by
cl eari ngC;E%IGCAPéi%\QR%?Ab%%G 1;:Sapa i Flﬁﬂ;ﬁlmgl a%; -x‘i‘l'f’kﬁl%dﬁg%? %Qr?gegj;(boy{png)l'br ush is
bl ack and opaquss deaoribetihe Seamn 8.3, whal abbtgeandstmod fatthokedone 1dgerohgmurdshe

| yphs are.rendered.on.the bl ack | r. In,.this case the driver determ nes
ShaPre oA o e R IE 1P OSSOk g b Fest gy e piack 0T

FONTOBJ _c @Btfd aoRlfvne 146F bdreahe EMIdHEBbiect Is@niHokY&I w8l bRiddEISe£atb 9! yph
fromits outline at 800 dpi and witeS it to the black layer. "Although the

outl i ne g&shia tys proesss wekingisdbarabsqvamation i detecteandlgindjsdiin thethpeked call,
coordinategs are .in fixed, poi roat owith plenty. of. fractiagpal pregjsion
For hi e8¢ fdt Biid B Y, KA oot UPeliplie R biowl BUGHELRr TR BENE: ne
rect angl esoafode adidedrdm itk Beorgty And @anEthiyopactty tosqeeetilélgehanstebl sk pirgls must
set the GCAPS H GHRESTEXT flag in the DEVINFO to request that glyph

posi t i ons fraagHePlack loxsy tihe caripne kyeigsdgsaribed & Sesdios 3l i ed by GDI i n hi gh
25 precision fixed-point format, to allow accurate positioning at 800 dpi.
The driver nmust also provide an inplenentation of the DrvGetd yphMde
function, %32t HdterminognComone &ibgedtGeoddtryt hat gl yphs shoul d be cached as

outlines rat herIbt q)an _qi t rr%gs. iI d&gl I Y the dri ver shoggjd ciach;%,r%nggggd
gl yph bit maps flbiS POFFRIE fRfds MG mFrHah G7gh CoMPYe QRGP REIBRlt bieh
15 and thus determine efficiently which black pixels it obscures. In the case of DrvCopyBits
and DrvPaint, the geometry is determined by a clip object (CLIPOBJ), which can be
enumerated as a set of rectangles.
In the case of DrvStrokePath, things are more complicated. DrvStrokePath supports
both straight-line and Bézier-spline curve segments, and single-pixel-wide lines and
20  geometric-wide lines. The first step is to avoid the complexity of Bézier-spline curve
segments and geom.etric—wide lines altogethef by clearing the coneéponding capability
flags (GCAPS_BEZIERS and GCAPS_GEOMETRICWIDE) in the flGraphicsCaps
member of the driver’s DEVINFO structure. This causes GDI to reformulate such calls as
sets of simpler calls to DrvPaint. In general, GDI gives a driver the opportunity to
25  accelerate high-level capabilities, but simulates any capabilities not provided by the driver.
What remains is simply to determine the geometry of a single-pixel-wide straight
line. Such a line can be solid or cosmetic. In the latter case, the line style is determined by a
styling array in the specified line attributes (LINEATTRS). The styling array specifies how
the line alternates between being opaque and transparent along its length, and so supports
30 various dashed line effects etc.
When the brush is solid black, straight lines can also usefully be rendered to the

black layer, though with the increased width implied by the 800 dpi resolution.



certain point size should be cached. 30 9.3.4 Conpressing the Contone Layer
WO 03/018316 PCT/ AU02/ 01060 88 As described earlier, the contone |ayer is
conpr essewousiong1d PEG. The forward discrete cosine transfremmuoReijeoi s t he
costliest part of JPEG conpression. 187 current high- quality software

i npl enentations, the forward DCT of each 8x8 bl ock requires 12 integer

mul tiplications and 32 integer additions [7]. On a Pentium processor, an
integer 5 multiplication requires 10 cycles, and an integer addition
requires 2 cycles [11]. This equates to a total cost per block of 184
cycles. The 25.5MB contone | ayer consists of 417,588 JPEG bl ocks, giving an
overall forward DCT cost of about 77Mcycles. At 300MHz, the PC 99 desktop
standard [93.3 RenderirgTekes to 0. 26 seconds, which is well within the 2
second Iimt per page. 10 10 References [1] ANSI/ElI A 538-1988, Facsimle
Codi ng Schenes I‘é.m?( cescigP et i (st ek mee compigaicd Fis & ithe pRague

Equi prent p, 4, FIRE. ik Elndm&f £Y SthefiWon (RO nYoneaﬁéggsee\ﬂﬁpﬁht @ tion,
Law ence ErlBaum AssoCi at es, 989, p.15 15 [3] IEEE 1284-1994, | EEE

St andabd $omggmhind ruve ishod biacok (a thBt ohix mode tsm@t efffentiaklyalpaquRe pi l}hhémahs not

I nterf for, P | t nb .nt el . and
SESIARER S S e g L I
M crosof t ;601da to thieoRtone) erBJfEr%Itmam Pented 3] b & thE%Q’vEE&télrﬂQﬂ&‘tﬂe 1994,

haformati on technol ogy - Digital conpression_and coding 20 of
cont i nuougeeeey et dach glyph e odbtaRungiits b &viaHANGRlerGetédyphshond rpkes

Loeff!erhém:%F?Hﬁ%§%bﬂﬁ{ %%¥§g1n§%mﬂ9§%ﬂé% "Practical Fast 1-D DCT

Al gorith I'ons eedi ngs of the International
Conf enngnce on A&mumhg@smvTan@acmu 8 met ﬁlogﬂﬂ(tlBM@C@rﬁSﬂtﬁl@mh@&ﬂlb(gu&SSlﬂen 89),

pp. 988-991 [8] M crosoft Corp., Mcrosoft Wndows NT 4 Device Driver Kit,
1997 25 [ty dinyes pluidd f‘lSééﬂ\bcomRheé fe¥é aparatignydbig inqludss élSEié‘i’/‘Yléé opflinger Kit,
1998 stroking (by clearing the GCAPS_VECTOR_FONT capability flag), and disallowing

complex mix modes (by clearing the GCAPS_ARBMIXTXT capability flag).
If the foreground brush is black and opaque, and the font is scalable and not stroked,
15  then the glyphs are rendered on the black layer. In this case the driver determines the
geometry of each glyph by obtaining its outline (again via FONTOBIJ _cGetGlyphs, but as a
PATHOBIJ). The driver then renders each glyph from its outline at 800 dpi and writes it to
the black layer. Although the outline geometry uses device coordinates (i.e. at 267 ppi), the
coordinates are in fixed point format with plenty of fractional precision for higher-
20  resolution rendering.
Note that strikethrough and underline rectangles are added to the glyph geometry, if
specified.
The driver must set the GCAPS_HIGHRESTEXT flag in the DEVINFO to request
that glyph positions (again in 267 ppi device coordinates) be supplied by GDI in high-
25  precision fixed-point format, to allow accurate positioning at 800 dpi. The driver must also
provide an implementation of the DrvGetGlyphMode function, so that it can indicate to
GDI that glyphs should be cached as outlines rather than bitmaps. Ideally the driver should
cache rendered glyph bitmaps for efficiency, memory allowing. Only glyphs below a
certain point size should be cached.
30
9.3.4 Compressing the Contone Layer



[10] A sen, J. "Snoothing Enl arged Monochrone | mages”, in d assner, A S
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wheel rot a{g‘gglglllﬁa%*w\‘s{%agﬁ' tﬁs%&%drldd@%'%dzj;%ea %fn:{l@c E’r8ﬁs,sor’%n'£te§ﬂ nt head, a
cappi ng nmegbRiplisationGequIfes V0 RYEIBY af¥ apitadel &dUiGdn teqkirds DEVcRAI[ 01 ]pThigt head,
the cappi ng nmechani sm conpri si ng: a printhead cap, an actuating structure
attached tlUaks & il castsr bloek obl18# ayslee said cap 10 between a print head

engagi ng positi i i el T i
print head, sai dﬂgbc%g\tlllgncgh?@t%rg%?ﬁrgoenggﬁscﬁfﬁg?’r?gg)zﬁg ibg&%%’r%{égg]ﬁgg%%gla fixed
axi s about fonhardDCE aosll ofistiaua ¥ VMgydés: ie 800MHz2i thetPs 9% ddséltopl stqpdamdifbE ithis

engaging with a syurface of said drive . whee] and gripping against said
surface duﬂuﬁﬁsﬁibj'?%é%cf’“gs’ﬁ"}ﬁh 1BV "Y‘g\}’\ﬂl)\ﬂl‘i‘ti %?ﬁo‘?ﬁﬁ@&ipﬂrﬂargeve wheel in

ei therygof FRi d Rifepdncdd second directions so as to effect pivotal novenent
of said
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15 cap about said axis between said printhead engagi ng position and said

di sengaged position, wherein further rotation of said drive wheel results
in slippiwomfoisasd slip nenber against said surface. 2. p&TRKUMI0E060
according to claim1, wherein said cap includes a capping plate which 20
hol ds an el astoneric seal and a sponge. 3. A printer according to claim 2,
wherein said elastoneric seal is shaped and sized to seal against said

pri nthead when said cap is in said engaged position. 25 4. A printer
according to claim 2, mherein sai d sponge is sized and positioned to catch
any drops i [ fr a i

engaged p&glgltl %ﬁﬁ P gterstlgor%%t:tcjglrv ap&é}la?%f‘%&fg@vﬁ% %ﬁ noﬁlén d‘!§ %’ggaaged
posi tion qj)evs@igdv@alpnuawqwaftoi%st he paper path of the printer. 30 WD

03/ 018316 PCT/ AU02/01060 91 6. A printer according to claim1l wherein said
cap is spddel |'Welics GyK-avkie Iﬂ’mtslmturaﬁpglpéféswngfanﬂﬁ%tC?fgmeww%% %lip

menber ab Y ggent of said cap -between said engaged
and dlsenggéégﬂ%05| i Rﬁﬁﬂgﬁ A printer according to claim1 wherein said

drive whedll7] s Youg,ed, ‘t@vawparp]éﬂ)lglta*l maesmrle CodingrTeolinigings ipdapan&r such t hat

when printing i S ocguyrr iven to cause said cap to
move to ségr gﬁﬁ@@ﬂ@ﬁé@&tpgs§$¥gﬁﬁ gﬂbgﬁ%B %i)%giording to claim7 wherein
said drive wheel is coupled to the paper 10 transport notor of the printer
such that when printing stops said slip nmenber is driven to cause said cap
to nove to said engaged position. 9. A printer according to claim?7,
wherein a resilient nmenber is used to assist in holding said cap in said
engaged position. 15 10. A printer according to claim9 including a rod to
which said slip nmenber is affixed, wherein said resilient nenber is
included in a connection between the cap and the rod. It. A printer
according to claim 10, wherein said slip nenber is positioned at an end of
20 sai d rod.




12. A printer according to claim 10, wherein said connection is a series of
fl exi ble arns.
WO 03/018316 PCT/AU02/01060
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WE CLAIM:

1. A printer comprising:
a circular drive wheel rotated in first and second opposite directions,
5 a printhead,
a capping mechanism for preventing evaporation of ink from said printhead, the
capping mechanism comprising:
a printhead cap,
an actuating structure attached to said cap to selectively move said cap
10 between a printhead engaging position and a disengaged position spaced away from said
printhead, said actuating structure including a slip member having a fixed axis about which
said actuating structure pivots, said slip member engaging with a surface of said drive
wheei and gripping against said surface during at least a part of a revolution of said drive
wheel in either of said first and second directions so as to effect pivotal movement of said
15 cap about said axis between said printhead engaging position and said disengaged position,
wherein further rotation of said drive wheel results in slipping of said slip member against

said surface.

2. A printer according to claim I, wherein said cap includes a capping plate which

20 holds an elastomeric seal and a sponge.

3. A printer according to claim 2, wherein said elastomeric seal is shaped and sized to

seal against said printhead when said cap is in said engaged position.

25 4. A printer according to claim 2, wherein said sponge is sized and positioned to catch

any drops of ink emerging from said printhead when said cap is in said engaged position.

5. A printer according to claim I, wherein the disengaged position of said cap is out of
the paper path of the printer.
30
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6. A printer according to claim 1 wherein said cap is spaced laterally away from said
axis so that pivoting of said slip member about said axis causes movement of said cap

between said engaged and disengaged positions.

7. A printer according to claim 1 wherein said drive wheel is coupled to a paper
transport motor of the printer such that when printing is occurring said slip member is

driven to cause said cap to move to said disengaged position.
8. A printer according to claim 7 wherein said drive wheel is coupled to the paper
transport motor of the printer such that when printing stops said slip member is driven to

cause said cap to move to said engaged position.

9. A printer according to claim 7, wherein a resilient member is used to assist in

holding said cap in said engaged position.

10. A printer according to claim 9 including a rod to which said slip member is affixed,

wherein said resilient member is included in a connection between the cap and the rod.

L1 A printer according to claim 10, wherein said slip member is positioned at an end of

said rod.

12. A printer according to claim 10, wherein said connection is a series of flexible arms.



