PRI NTER | NCLUDI NG PRI NTHEAD CAPPI NG MECHANI SM TECHNI CAL FI ELD 5 Thi s

i nvention concerns a printhead capping nmechanismfor preventing evaporation
of ink frwmam/opssitat head when it is not in use. The inventiror/A@e/owen! ity,
for instance, in a color printer which uses a drop-on-demand i nkj et

print head. BACKGROUND OF THE | NVENTI ON 10 Wen not in use, a drop-on-demand
printhead typically remains filled with ink, and so nust be capped to
prevent evaporation of ink through the nozzles. Ink evaporation can |ead
to gradual deposition of ink conmponents which can inpair nozzle operation.
SUMMARY CF THE | NVENTI ON 15 The invention is a printhead cappi ng nechani sm
for preventing evaporation of ink froma printhead. The nmechani smi ncl udes
a printhead cap and arPRIIER NG RINGEPRINTHEADAARRINGOMEGHANISEM t 0

sel ectively nove said cap between an engaged position to press against the
printhead, and a di sengaged position spaced away fromthe printhead. The
actuating structure includes a sliPEGBNS&L FIBLBngage with a drive wheel in
a printgr in 20 i - i i nted, ,sai ngagenent ext endi ng
hroug at | east TRarripeicedl Jeffulsae SRR ERord Rl EBRYS TR BN
rotation obf saiftbnaln ipristhektbeher inishot il 6de. dihe @pleh@En haausies foavanRalinaf sai d
cap from said enqaged ﬁosition to said di sengaged position, and that
rotation ofCleLprnte Veh Wse dromon demanthidkist pEREash causes movenent of said
cap from said disengaged position to said engaged position. 25 In use, the
mechanismw || usually be nounted in a printer adjacent the printhead. The

cap may involve one or nore BASBORQUWEP OF 1§E PMVENTIRY to ensure that al
the noggles of wihg aninﬁs@%o@%ﬂ—cﬁg]agéBﬂﬁﬂe?(g@?icﬁﬁfm%srﬁ“eg'wﬂxi%,yand

consi st of a capping plate s an e oneric sea nd sponge. The
el ast omer i &0 Bwst be a@ppesidalpss veareyapdrapedofank tebagdhe aozdealnkagaparsttontdae f ace
of the pripthead wh t he. neghgnismis engaged. Simlarly, the 30 sponges
are sized Qeﬁg?op%réfj‘fq?gﬁ%%“{%’ O&é‘f‘%‘f?we‘&f? ﬁggb?a“i“ﬁ?a%gﬁl%‘i’fé’r%péhani smis
engaged. The actuating structure will typically cooperate with the
mechani sm of the printer in ich the printhead is mounted to ensure that
it is operated at appropriat2Q¥§HQ§R¥6M§B§EDFKENEEBﬁing nol di ng between the

engagegs and di seRgagestidhas kiphiamhead MRpR3 RIB3HOmRETHAWIRNME LS ration of ink
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.



2 Wien the printhead is not in use, the actuating structure is operated to
nove the capping nolding to the engaged position where it is held against
the face wh @hes3psi nt head where the el astoneric seal confrommumcoidshe face
of 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 cleaning cycle. Wien the printhead is in use, the
actuating structure is operated to nove the capping nolding away fromthe
print head assenbly where it is hel d out of the paper path of the printer.
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connect ed capgiRg nidMing &NGE n@fged pbatiat abére iti9HeldighinSRAE Bde bathe hathihka@way
(or offset) fromthe rod. In this case rotation of the rod about its axis

wi |l causevhpss bnstastonanigsed cORrap faide docad thei psoirad ead cisaies en oFsht e sl ip
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15 in the pr|nter rive e cou paper transport
not or &f tpiintheial dtieng e printtebd wleetingtydid.i ng is occurring the rod is driven
in the uncapplqg direction. Once the sli menber rotates to the uncapping
slip point, theVien thepanthead 5ip usshdhecashsting Svatere i ORI e tor 8o Ve the G2PPIKEen

printing i@l Sront € ik Wigsbry ﬁhér@ﬁ%ﬁé?&'omtﬁléP%@P%Atﬁ'ofm‘é cappi ng

di rection. slip nber rotatés to the cappin olnt, the slip
nenber_anqwmhs 20 cappi ng nDIdlng stop rotatlng, and hol ds the. capplng

plate in placedggaln t the face o r ead ssenb Are (lent
menber may be dnEOAAST BYY ?‘WVWBF‘H yrﬂj’ef b’é@ffﬁ erSY"Sﬁ Fﬁ“%ﬁ‘lg%‘i%“ agai nst
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conveniently “included in the connection between the cap % pl ate and the
rod. This lpessl ohatotiablg rod bubsnarerlletesallyamag dor affsct) dran ehesred ethipgase| exi bl e

arms have I'B%?lnn fOP @Crlo& O%]? t gXl lcausgtrrn)v%men Q:tvg‘genatHat egaco(pglﬂedc(}ll 29 aiad a
i astdcs

suitably resilien , 1N SOITe & ere
mat eri al s puanienbeen enployed to fabrlcate t he capplng plate and rod a
conti nuous connecting web has been found to be difficult to nake
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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.



WO 03/018316 PCT/ AU02/01060 3 In a further aspect the invention is a
printer including the printhead capping nmechanism where a drive wheel of
t he paperwormansgsoét system of the printer operates the a®Caatimngi®dructure
of the mechanism WD 03/018316 PCT/ AU®2/ 01060 4 BRI EF DESCRI PTI ON OF THE
DRAW NGS An example of a printer enbodying the invention will now be
described with reference to the acconpanying drawi ngs, in which: Figure 1
is a table which illustrates the sustained printing rate achievable with 5
doubl e-buffering in the printer. Figure 2 is a flowhart show ng the

conceptual data fl from l. i ] t Q. pri . b 3Js a

pi ctori al viewﬁgﬁf'ﬁgxﬁ Ffﬁﬁgﬁbﬁﬁﬁéf@ﬁﬁgV@%‘c‘%gggﬂggﬁ?ﬁgﬁ?%ﬁfg‘. Figure 4
is a pictonédani¢newhet atdiive iWPebindf the papeetrarispoit s gstap efithe nihteg opatiesthe 10
Figure 5 is a cutaway di agram show ng the paper path through the printer.

Fi gure 6 iastugtipg sifustiraof HGMaREIM ¥ ew of a Menjet printhead cartridge and
printhead capping nechanism Figure 7 is a sectional view of the Mem et
printhead cartridge and printhead capping nmechani smof Figure 6. 15 Figure
8 is a pictorial view of the printer controller. Figure 9 is an exanpl e of
codi ng-a sinple black and white inmage. Figure 10 is a schematic di agram of
a pod of ten printing nozzles nunbered in firing order. 20 Figure in |oad
order. Figure Figure Figure



Figure 11 is a schematic diagram of the sane pod of ten printing nozzles
nunbered 12 is a schematic diagramof a chromapod. 13 is a schematic

di agr am owoa3pwossgs oup of five chromapods. 14 is a schematrica/Adicagiesm of a
phasegroup of two podgroups. 15 is a gschematic di agram show ng the

rel ati onshi p between Segnents, 25 Firegroups, Phasegroups, Podgroups and
Chromapods. Figure 16 is a phase di agram of the AEnable and BEnabl e |ines
during a typical Print Cycle. Figure 17 is a diagramof the Printer
controller architecture. Figure 18 is a flowhart summarising the page

EDRL expander Ui 1. Fygur BREY PESCRIP DO T py PGSErey ot oam
decoder.  Fi gur 8nzrampleof gipgaler gmhgdying Be inveaticuwilbnew e Desotied witho
03 15510 REAMEIE AR Spui 1o 23 17 R 24 Te
Figure 29 is 10Figureeisis/ taisiel witich. illudtiagsriee S0tairfed pringbig eataddchiableEivaty € 32 i's
Figure 53 3 idguble]:guf\[ewndntgr}rsl the printer.
Figure 2 is a flowchart showing the conceptual data flow from application to printed
page.
Figure 3 is a pictorial view of the iPrint printer in its closed configuration.
Figure 4 is a pictorial view of the iPrint printer in its open configuration.
10 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 34 is a diagramof the Dot Count logic. Figure 35 is a block

di agram of the speaker interface. Figure 36 is a diagramof a two-I|ayer
page buf fwp.03808326 Figure 37 is a series white inmage. Fi @@maAaid@/0i0a
series a white image. Figure 39 is asseries inmage containing a contone
Figure 40 is a series of diagrans showi ng the conpositing of a black object
onto a of diagrans show ng the conpositing of a contone object onto of

di agrams showi ng the conpositing of a black object onto an object. of

di agranms showi ng the conpositing of an opaque contone object onto an inmage

contai ning a bl Agkcbjieg biocKlufhtfen Sk RuichEh 18R o8y, di agr ams showi ng the

conpositing of a“transparent nt one | ect onto an inmage containing a
bl ack object. Friguree342abkch doigookofiihagPEGdetoddne W ndows 9x/ NT printing

systemw th printer er co ne CRI PTI ON OF PREFERRED AND
O¥ HER EMBODI IIC\)/E %uref“llﬁf‘g[?&ggﬂg HBP‘GF%%“H]DE HWROHOTURE- Runl engt h Encoder .
a bl ock di agrangigfiret238s 4 fes @8 pAHAnes ﬂ'napLthQ'rélgﬁéﬁ%H;s bef¥een page widths

Hal ft oner/ Conpositor unit. a series of page lines that showt
rel ati onshangsnigginkeen page widths a bl ock diagram of a Milti-threshold

G her 2, Bl ocky gl 89 Bk gk 6 Phut Sl o copoL g w2 bl ock
Figure 27 is a block diagram of the logic of the Triple-threshold unit.
Figure 28 is a block diagram of the internal structure of the Printhead Interface.
Figure 29 is a diagram of the conceptual overview of double buffering during print
10 lines N and N+1.
Figure 30 is a block diagram of the structure of the LLFU.
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
15  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. . .
o * Figure 38 is a series ofldiagrams 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



a di agram of the conceptual overview of double buffering during print a

bl ock di agram of the structure of the LLFU. a diagram of the conceptual
structurewofoz@Baéfer. a diagram of the |ogical structurecfa@2Buwisher. a
bl ock di agram of the generation of AEmabl e and BEnabl e Pul se WD 03/ 018316
PCT/ AU02/ 01060 6 The invention will be described with reference to a

hi gh- performance color printer which conbi nes photographic-quality inage
reproduction with nmagazine-quality text reproduction. The printer utilizes
an 8" page-w dth drop-on-denmand m croel ectronechanical inkjet ("Menjet")
print head whic r. - ' [: ) Rl V, an,
Magent a, Yell O\r/*vr,h%bl %@ﬁ?ﬁ WI]rl'?ggP ?S%bgecggw E‘%}?J‘l’gg t(%)?imA p gér:ﬁ{rg}aﬁ eercgyg grgans%/T per

m nut e, anchitls combiaadgtht@gaphic-qudlity ithg¢atprdésddonpvipr magane-qiaktypeitnt er has
been designated as_iPrint and will be referred to by that name in the

f ol | owi ng TERQEYSHON; die PINtEr Blites @n §n &rEOYERY Fear-ods®idnt 1 epr oduces bl ack

text and gpaRl&FoRkERGiaYinkRt PY18hiel § YRhthBARE Kich 3RFucSOTHobMIRYR: fAe
g K di }Sﬁ ddaﬁll - rgve @ﬁﬁb

(contone) 1 mages and graphics usin ere For  practi cal
pur posés, (dfy)ibrtevsl@NK CymnbMagénta,esalow, bbiaKof It poiatsddi full aotbr Adcoitetne
resolution of 267 pixels per inch (ppi)., iPrint is, in use, attached to a
Wor kst at | HEBPEENEBmndds Fgtnder o it evel deaiae pes T hep Bk

(1. SMByt efegignitBl YEFERAt aBW il Pbe @F&reﬁk@@% tHaP RARE I 08 tdIfkhling b&Eiipon el i es on
the PC to render each page to the | evel of contone pixels and black dots.

The PC conpresses each rendered page to | ess than 3MB for sub-two-second
delivery t the% rinter.~l Print deconpresses and prints the page |ine by
e

line at t élsp ! 'OP?Il'eOWﬁ]le& printhead. iPrint contains sufficient

buf f eriomenory fiPfint /eprodases beEk ekt AAd efphieMBrectBl Usigibigevel black,pAd Nt 20 one
page while receiving the next, but does not contain sufficient buffer

menory f orCoBiBPUS-1ORS (SERENUIHEEEH B Seaphisageing Fitbaey bi-levol G- Woat h The
P e S s S P R R L A S S 18
Ar bi trary sagexasis perhiscic@pi)be achi eved with custom nozzle | ayouts, in
markets which | 1%?1'%1{ 1fs,y in%gggttg&%ﬁitg Ia iwso?]gsita%%h OI?)grsonal computer (PC) via a relatively
15  low-speed (1.5MBytes/s) universal 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 c\ompresses 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.



initial Menet building block is a widely useful four-inch printhead which
makes efficient wuse of a six-inch silicon wafer. The iPrint design

t her ef or ewassmss6 an ei ght-i nch Menjet printhead, nade upcafauceoideour -i nch
printheads joined together. The use of a wider print 30 head to achieve
full bleed on Ad/Letter pages only affects a few aspects of the iPrint
design - specifically the exact nechanical design, and the logic of the
printhead interface. WD 03/018316 PCT/ AU02/ 01060 7 2 Menjet-Based Printing
A Menj et printhead produces 1600 dpi bi-level CWK. On | owdiffusion paper,
each ejectfd dr al.nmost perfectly circular 22.5 mcron di aneter

dot. Dots ‘are ﬁ%&”f&ﬁ%$@33838“%n i solation, allow ng dispersed-dot

dithering to beAedghiet pesthéfl produckyl 60Bsdpi bB1SENCRT YR O VRS- giffupioh phpgad i s
page-w dth and operates with a constant paper velocity, the four color

pl anes ar e®3h Eiscied drep foams artlmasypesteedy Fisenlard2 omigien figegler dort Dets-aot
printing. ea§1'lyapr§>dg%%hﬁ1§o§atﬁ)?nﬁﬁ)%§gﬁlsé%%% é&%ﬁthﬁll (,éotlgtb% Qﬁltougcpto'&? &l col or

pl anes, the s eac page Iayout
may corft ai $inee thb)Mﬂhﬁ-:t piintheralge pagegw rifthareSope et weixit a c@(minlt papRt Selbone thelO

(cont one) na nd graphi cs, are_ reproduced using. a stochastic
di sper sed- ﬁTBE QJP’E apes areU’l”‘itfézmapeéﬁeﬁsr?%‘ﬁéﬁm&d”%ﬂgéﬂ?ﬁl fatipiedotBEDIRE: ed)

di ther, a ﬂhé@ﬁ@é@gc&gk%&eqmge ﬁ?ﬁ%ﬁrﬁmge%&q)co%y}{%s R ARuERS N! On

spatial frequencies ( et al alnost to th Imts of t dot
resolut|onmaMMHSEﬁ@nhuﬂmhnebushyereprodu0|ng | ower spatial frequencies to

th full I st ochast dith t ' | Ly desi d
Lo be froe of oRPAES FNEAPY EROR VT Wi Eyefasebl pk SufigRe Fvitholtiple  ne

i mage. 10As @Uﬁtbné)tlﬁxagészaﬁhdtg‘{@hi@|al'é/reFbeiﬁ&Q§usH%ea stHBHAbHELAN Ser Q- doE idhdred to
support a nunber of intensity |eve 6x16x8 bits for 257 intensity

| evel s). i H’Fhlﬁita ¢lygered-det ton @mpbmdaﬁ@ctyiat@i) Hetheg s dzm@wi Bot (or fratvengol ume
id f fi\ 1ih
provi aes Lﬁétea)adl %9[;62) 0 %Strggﬁ gq_la]mf’ifjﬁ%de 153 t]hr ﬁt%{l%alml%stﬁghheelrm@/

al | owi ng a y range

(rather t hafnhé d&tremm&)nas/hllél sﬂuﬂt@ﬂe@@ltylré);ﬂaﬂumﬂg)lodlet E{Qihahﬂéquem)les touRan
contrast sensitivit% geaks at a spatial freguency of about 3 cycles per
degr ee of fullicelpgdepthe dtaofh@ftmétﬁefr RAYK ipeqrefuly designsdite &E fipe 08%?@%9@?‘?1@ by a

oot o1 MO ac PR ALAL G nTRESALEehBXand i o Qefyales P
t r ansl at esmrmomghi syzet roqdi 5@+ t3 50ppeyicd msnipeof immmty 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 dlther matrix).

. _Human contrast sensitivity pcaks ata spatlal 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



25 (cpi) on the printed page, or 300-500 sanples per inch according to
Nyqui st's theorem Taking into account the fact that color sensitivity is
| ess acutwotlbmms3gs ayscal e sensitivity, contone resol uti orcremopdimbout 400
pi xel s per inch (ppi) is therefore ofslimted 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. |lowpass filtered) before being printed.
Text is therefore supersanpled beyond the perceptual limts discussed
above, to 03/ T/ AU02/ 0106 8
spatially ?é]a?%ggg%%%g t%f?.z&e,?(gg:gélg urt?lng\r(lg)ﬁbﬁ)%t[ g%;%ié’gtc E,%T ¥ tgpclon(%ngoH% Rues to
contri but e ptmweivperexeshagghet eoatsusting pwedifuspagapernel doaweyi f f usi on paper, of
course). 3.1 Constraints 5 USB (Universal Serial Bus) is the standard

| ow- speed peripheral connection on new PCs [4]. The standard hi gh-speed
peri pheral 3gonngghik@Rintd EEE 1394, is recomrended but unfortunately still
optional in the PC 99 specification [5], and so may not be in w despread
use wheh i Print USB fUnisdrsdl SenadBd) isitRe standdrd e fpeeé perdpheed tonieotién peniconal
computer (BC) or . workstation via USB, and the speed of the USB connection
th(ranr) efore ?gﬁ(@egh‘? ﬁtém%ﬁ@{“g&fpg‘?d;?ﬁ“ﬂ’gﬁréﬁ‘foné‘ﬁﬁ%"t“r it 154 recomeeded blur e of
the i Pri nt usgestufiRelyAtin@dpaYsd &l MeP99 Yekitatic ) Uhnd sé%ap%ffﬁé iW»OiH%ﬁyreaHSB at
1.5MByte/s inposes an average limt of 3MB/ page. Since the act o

i nt errupt i Hep whoveikjriat isdasideunshed iRBnintdherefiore ednpeqss fora penspnol camnpusy €PE) aduces
a visible i ntinuity 1f.1s advant us for the printer to receive the
entire pagev%ﬁesg%rog Vl%grgr#e%rb t%s%eregﬁ? %3?%80’816%‘?%&?@?%8%%5%8‘6i"P‘?SEy of
buf f er 1@iIndeighifitantFonoeaitithem the hidhitdcuGanf e iPAMsFEBmOAL ¥ shskathddasintivk kRE of

menory, i.e, two pages' worth or 6MB, then the 3I\/B/.patg§e limt nust be
consi der ed>@Bags{rpiauterP§Bras | PMIB yte/s impeses ap Aeragediait AE3MBYpage | Since the act

achi evabl ey I fferd iy g i > T irs t

equir os. Ao adatl BeRgh: diie B phGRe o et piEREGAINR, o 1o
seconds. Ddistoginuitg, is scanshtsgeagefo? theh@inmaxbd rqpape theentignpigeedioand t he first

page is 20 transferred to the printer, again_this takes up to two seconds.
et hi FOMGERGEE BRHRE 19 Fp s abopdss DRy Rt beliorongersae S gigimia can

transf esredofid Aly Mnfiel RS rﬂe?nd’r?ﬂ%.e[\?@ga%epi WortiKEMB WRen ﬁ%cmﬂ@agé\s a

result it takes up to six seconds for th Irst page to be print and
t her eaf t er limit pagidecansiderepatisniued every two seconds.

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
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15  compression to reduce this 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.
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full page of black text (and/or graphics) rasterized at printer resolution
(1600 dpi) vyields a bi-level inmage of 28.6MB. Since rasterizing text at
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regi ons of a page are non-overl appi ng, any nat i on he two fits

wi t hi n ¥ hedgwmBe-buffeting offpagesxin the grsntem theoaby oéduaingabd griwenisipagragte by tében t he
wor st caseg,j.s, a ¢ essed . esi ze approachi ng 6MB (dependi ng on the

act ual teg¥§%bW%gggéP%ﬁ$%3&$g). This fits within the printer's page buffer
menory, but prevents 5 doubl e-buffering of pages in the printer, thereby
reducing the printer's page rate by two- thirds, i.e. to 10 pages/ m nute.
3.3 Page ExpansPasge Expamsionand\Brintingescri bed above, the PC renders contone

i mages and graphi i xel xt d graphics to
t he dot |evel. ?ﬁg%%&§F%Q§8ﬁb%g£§g%%%%g%§&%F$Bg§§%$%§%£%gmtgﬁglgygﬁ?"tted
t oget h&d t end blaclptexnarer grapities tprthedeeleveb Mhasense tovapiddddd pags difgdrémrseans one 12
for the page beiggg%fceiéed €r0n1the PC, and one 13 for the page being

printed. TA™ [Bans ORPAHIS MRS npr essed page as it is being printed.
Thi s expansi on H ; ' ) j i mage
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data 14, halftoning the resulting contone pixe l'evel CMYK
dots 15, d&oontpe £65 hmtboﬁm@ ®_001€¢@'g€ béing prreted Blteqicinta ek pateal shel®mpagsded _
COMRO |1 IS SRR Pk Yok Bhack, Lol 0L, S1ST s gycel ecpond
to therpri atvedKna@ge Hfta ilh | Hastdnddedle kddultiib @UR®nEpixels 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
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are printed. r\@étl& bal ar}c?d.tgg)r%i ns, 10.4.1.1 Menjet Printhead The

r epl aceabl BNBFACEC BPTRE Wit batRred PHFSES60 is al so shown in Figure 5. This
represgnts one of the four possible ways to deploy the printhead in
conjunction with the ink cartridge in a product such as iPrint: 15

per manent #dilnt Memiet Pdpthgadabl e ink cartridge (as shown here) separate

repl aceabl e pri ’f'ﬁyr%sgc%ge Mé&)&%ﬁ%meggg&ndge 60 is also shown in Figure 5. This

represents one of the four possible ways to deploy the printhead in conjunction with the ink
cartridge in a product such as iPrint:
15 e permanent 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
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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.
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63. 30 4.3 Ink Cartrldge and Ink Path There are two versions of the ink
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printer (via SOFT_RESET). 10 Centronics/|IEEE 1284 printer status fields are
described in Table 1 below. ABLE 1 Centronics/|EEE 1284 printer status
fielddescription SelectThe printer is selected and avail able for data
transfer. Paper

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
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simplify calculations in the printer driver. 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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of the paper path. The target page size is constrained by the printable
page area,s.2.2s Pdge®esefiption Forrpatar get) |eft and top margins specified in

the page descrl_ftl on. In theory iPrint does not inpose a top or bottom
margin - i 7 Jevsithe formpefdhs Haget%écﬂpé‘Pf'leéléthqglbrYégf‘F‘on In practice,
however, since iPrint is not designed as a full-bleed. 30 Ad4/Letter printer

because it uses an 8" printhead, an artificial top and bottommargin is
i nposed tcTABDJEJIZ hawpape descriptidnfdemat sponge | arge enough to cope with
regu| ar of nrlnfln WO 03/ 018316 PCT/LAL02/01060 .15 5 2 2 Page

Descripti ¢n For igldTabl e p sh(fﬂém?he fdrmat of th@%ﬁ'@ﬁ"%scrl ption
expect ed ySI%H Tt TABEE dggﬁte% [tbul proé)ndes&jéﬂ{%h fyn?a{t(gf OT I UEST

si gnat urel6 atml nt eger Page SCriepti on Rersi on16- Bi

i nt eger Pagevelgisgri ption f orlrmiu M@Jgst ON naagtedesc@trouctbﬂm vefstmlfomibet.
integerSize of fixed-sizelpart of page scription target resolution

16-bit i ntlegeycRusdizeit i on aflﬁtlatfgl&gebage Stagiod fixgd-gizovagi of page) 1600 f or
iPrint. target page w dth{l6-bit integer g{ (f) target page, in dots.
target padge hei ght 16-bit | nt eger Hei ght 01‘j anerf page, in dots.

iiption
t

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.




target left marginl6-bit integerWdth of target left margin, in dots.
target top nmarginl6-bit integerHeight of target top margin, in dots. black
scal e facworok®143i1é i nt eger Scal e factor from bl ack resol ut ipem/Atm2harcget
resolution (must be 2 or greater). blck page wi dthl6-bit integerWdth of
bl ack page, in black pixels-. black page height16-bit integerHeight of

bl ack page, in black pixels. black page data size32-bit integerSize of

bl ack page data, in bytes. contone scale factorl6-bit integerScale factor
fromcontone resolution to target resolution (nust be 6 or greater).
contone page wi dthl6-bit integerWdth of contone page, in contone pixels.
cont one page hei ght 16-bit integerHei ght of contone page, in contone pixels.
contone page datpadohi teingingdeity dedined incentione Pagantdledagt freRYablS pagel 2€
bl ack page dataEDRL Conpressed bi-|evel black page data. bytestream contone
page dat aJBSESTBYRS CPBR rsedcentatset Dives cmvidapdiasmates o Ve mB81g18316

PCT/ AU02/ 03060111 BoRREbodd ATREIRS, LRI Sk BB rior el at on to the

printabl e page a , page escription IS Co e and sel f-cont ai ned.
There is no dat &hd papesiesdripedn tonthihea pighatuerandsepioraveich aflow mhd prént@rage

description to ich the page_descrjption refers. 5 The page description
cont ai ns a‘%?‘gﬁ%’%ﬁ?@%ﬁ&@&%’gfﬁ%{ R SIBNAYTE ANGEOT YETSHINEAE IBSSINEint i fy t he
page descrindbhpRifOWIRkhe printih e HE AR aRRYLQ hVBIpS] ON are nissing or
inconpatibfe m?th t he pf%%ﬁgr, fhen therp?iﬁ?er gg%greject t he page. The
page descri pti ohhaedgerdescriphien defensks the resolatih @idaezeaff thdargeapapet Tixalgleck The
bl ack and ofy

ook SRR PR B2 RIS s Dt L R S RRSSS RN o T
t he targyet blpéiger swintink sodle het@hre ndbhicions &rahe tagdek pagedniddPoightns define the
positioning of "tfl?ee taggaei e?ttangatlgpe m\ét\llrgtmhsI dr;:fitner:] (t:)he positioning of the target page within the
printable page area.
The black layer parameters define the 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 boﬁndaries. 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



printable page area. The bl ack |ayer paraneters define the pixel size of
the black layer, its integer scale factor to the target resolution, and

t he size wbh wwss3eonpressed page data. The vari abl e-size PgThlacki@age data
follows the fixed-size parts of the pdage description. The contone | ayer
paraneters define the pixel size of the contone |layer, its integer scale
factor to the target resolution, and the size of its conpressed page data.
The vari abl e- size contone page data foll ows the variabl e-size bl ack page
data. Al integers in the page description are stored in big-endian byte

order. 20 jhe OYgf’%‘%gléﬁissé"%’g?iBg?'g uh&¥ ord&tdﬁ'lpf’etllﬁoer ﬁa@‘%n‘éé‘ﬂ-%%ﬁfn%- &5 1 ntone

page data are dto oundar1 es. sr'ze o he regurre
paddi ng i sibazbud#digbnithihainkinzth-afcotdsecach scuetinsinighgaHtffofantcheodpage
description structure and the vari abl e-size black data. The entire page

descri pti offSH488 Bnfeest Ruglongtivyintes wneh@ o GMee cadd! Wthierrmermg Fodes: of 6B,
L0 accor daRGReiihdinRRAGGNLIES R 2dMBUR dodel vkl fY @tes, EnTRfrelin QW O

sections describe the fornat of the conpresse ayer and t
conpr ess edmobipieosfedd, boflewed by 2.t@mBnati ngwete. B waddogtimeaceedogRoas siearndsd RitB. 1

Goup 3 and 4. Facsimle Co essi,on 30 .The G qup.3 si m conpr essi on
o gori thm iyl BE i fole BIoPEL8S Eimifg codfiatts HEfmeT BhERAEINSH Bier

sl ow and ngk s¥patREI9RNRASoH BIR&Sand WiRtehund @X&dpt EtirBakcaly @8Nt ve $FBINAGLH! ack
text and graphics on a white background, and the algorithmis tuned for

thi s WO 034r¢ termenPMhen pssibleode 2 _@rmpéség@fthmmg S(aisﬁaﬂliSlC@Rprit(ﬁfSlll%ﬂ not
tuned, f Ore L%)é%ré}?zllse(lq,_if) r+2h-€'§s)f\5i?l'p%ger9rl16el tg\{heeI prle{/r(B)‘ essc nlj E:P?he ggtacg %ﬁglss%{ehe

al gorithm Pl éngtn:encodes each scanl i ne an en man-en

resul ting ¢ntivpergtduzd (fSURhah@idis dela §nebol &gy Ond it dgatce) Edpde dithintdnD-
termnating codes. Runlengths in the range 64 to 2623 are coded with
make- up cot¥ededdienvhighh el dehg-caceremhirg fupleagibrensaded; and ypidenpliediby a

term nati 0 c j ; iyt | L.

rake- Up. coRSn t | ok Bifol) SR A ARIAG, IO Ao hes B ek oy
but are segalainelryal$,wiechet actulllyaeiuiasnicorwiot, tte ensunsthaethe éptodtorannedogeup

codes above 1728, which are conmmon). en possi ble, the 2D Goup 3.
D er f i e ot sith eI JOES GadradioR Al DR it AEMUBIOR raos 5
W th ref ergngeolso fing previous scanline. The delta synbols are

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 compressioﬁ 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.



10 entropy-encoded (so that the zero delta synbol is only one bit |ong
etc.) Edges within a 2D encoded |ine which can't be delta-encoded are

runl engt hwercmdssde and are identified by a prefix. 1D ardT2D0eN0sided
lines are marked differently. 1D-encoded |ines are generated at regular
intervals, whether actually required or not, to ensure that the decoder can
recover fromline noise with mniml inage degradation. 2D G oup 3

achi eves conpression ratios 15 of up to 6:1 [13]. The Group 4 Facsimle
algorithm[1] | osslessly conpresses bi-level data for transm ssion over
error free comunications lines (i.e. the lines are truly error-free, or
error-correction is done at a |l ower protocol level). The Goup 4 algorithm
is based ofh28ke :BDI@veUEd@a Beélgoand Rumlength(BEDRLEEsaiprressionutndatcat i on t hat

since transm ss | S rror-free, 1D-encoded |ines are no
| onger gener at Jﬁhea‘f‘}greéla é‘i’ qray %@%@h @%&5 QmPE;saiop Jormét isfrasedlostedy 9N ther oup 4
achi eves CGFHh'bQﬁe%n?ﬂ}dsﬂ)tn'@ﬁnit%ﬂ@it@@refcﬁr@@s%@] fzjto 60: 1 for the CQATT set

of test images [13]. The design goals and perfornance of the Group 4
conpr esxsi on aI gEDRUuﬁ:sqllnadq Kindsi off syrabola, apprqpne@b{ onropy-goddd Ahesktare ¢raere

bi -1 evel r are ned tq.a | ower
scanni ng re§51 ]ﬂ{ ge(a%ﬁyl\&efoéhﬁp‘?"}ca ]'é’ﬁ egmtgdgéerernﬁmoe%grﬁ cCeseeddifng 2623
awkwar dl y. prie8dr 8Pihe fR4NinBTXdTHABY fdwh@wt\hmtes EGtH hidik l¥riR4iQ0 stafll dehough a
Goup 4 decoder core m ght be available for use in the printer controller

chip (SectWbite 1 alipg aqw%htstam@f bhahahelqsmhkeéhgmmoekd@edt mystidebrea hioeknal | y
encountere i 0 ul uire
nodi ficati oﬁl qéég%tggtjg En%gltﬁ lng:‘nl'fsﬁ(eigf@%nagfe%%é gtfésére&m%niendm Eg1p heemp fRe
del t a-Encowlidvg, a sinpler algorithm based on delta-encoding alone'is

i kely to meet our requirenments, This approach |s described in detail
bel ow. WD 03/ 01888252 ,s@@é?cbvm%oefermceaozngd@ in; the pigiouEHpeifthare & aind

Runl engt h é@?@h)hlmgﬁh&%ﬁg s wﬂ'}'xethﬁgagﬁe Q%Lé awﬁ{é% THIRLER %@ (EPRL)

conpr essi on I's based | oosel 4 conpression format and
its precurwbite). Thiuseg]one®f Elbmdgaddm tdieed hklshcd:sermhdhyeﬂtmldshasamm opriately

ent ropy- co These are creat ed kill edge, and edge delta. Each line
i s coded V\ﬁq’toﬁe’i%‘fd@f anaxymp eﬂ?éﬁéﬁé%@d?c OFFﬂétO rBP@HQ@éﬁ%‘BP”tW qfteleltas r st

line ig defgpgskal 91yBh kg8, Blis WRidtRtioff AGH0d Uy 1Radpen diit bpﬁgmts(?zesykat%lcﬂf f

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



white. If a line actually starts of black (the less likely situation), then
it must define a black edge at offset zero. Each |line nust define an edge
at its | ewo-dsangbiend, i.e. at offset page 10 wi dth. An edgeTcarnzbercooded
with reference to an edge in the previsous line if there is an edge within
the maxi num delta range with the sane sense (white-to-black or black-to-
white). This uses one of the edge delta codes. The shorter and |ikelier
deltas have the shorter codes. The maxi mum delta range (2) is chosen to
match the distribution of deltas 15 for typi cal glyph edges. This

di stributi

given in ngﬂé&%mgés‘%éh%g@é’gggp%&ﬁp@g di s é%ﬁ%?g(?}o ]C$%?%%P%’$§$F%ee§]gg 800
dpi | del t ashrwdtabit leasy 8MiEHd 1AM 2FPctivaHoA Aeneed gmrman chdisomight odadt usi ng

the |l ength e run fromthe e.in the 20 sane line. This
uses one ofm‘{i r‘.ébb‘r@éﬁ %upgaﬁa‘gd@orgé& Wﬂ&jeslr@s P(Ra&55t) and | ong (13-bit)
runl engths. For ThE iR de€ bt YodedRhekiRbd KETHIOY Nde ¢ aFﬂJe?eniQEB%n@ bR1ROLod
entropy-coded. In order to keep edge deltas inplicitly synchronl se§ W th

edges i A t Aéegeendevusss temsge sadh tudeise dhe edgd thelinehFhpteagihe o6 theicodesi e

ki | I ed h t the kill ed de.
The end- of CRER Boge A are HERE R s S tsreohdme s (e decoder. 25 Note

that 7-bit and 13-bit runI engt hs are specifically chosen to support 800 dpi

Ad/ Letter ﬁ%g%wm@wmwuwm%wm
i npact on WAABLEXB3EDRICTedewmd91060 19 conpr essi on per f or mance. Fo

exar’rpl e, i SUl WTI 1Y) 1+600—dpr—con esst rnTJ i cugrlbrs shottdb at

| east 8-bit cé’ﬁ 14- bi t r%‘é‘ﬁ’gt'f vie hu *A geneflﬁﬁcr’fﬂﬁ‘r"ﬂose choi ce m ght b
8-bit and| Mg bit, thug supportijng up to 40GoN% HfRvd BOPesPBdi . 1nhe| full
set of codps is defined in Table 4. Note tlhat there is no end-of-1|ine| code.
5 The decofex+luses the |page w dth-to det eqt niolve cemebpohdihfeddeiw1e. The

| engt hs of | the codes ane ordered by the rlelative probahilities of th
codes' occlrXénce. 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



TABLE 4 EDRL codewords codeencodi ngsuffi xdescripti on AOL-don't nove
correspondi ng edge A+1010-nove correspondi ng edge +1 A-1011-nove
corresponwiong/oesige - 1 A+200010- nove correspondi ng edge +2 P&AT2000Mh10600Ve
correspondi ng edge -2 kill edge0010-kiol | correspondi ng edge create near
edge00117-bit RLcreate edge fromshort runlength (RL) create far
edge0000113-bit RLcreate edge fromlong runlength (RL) end-of-page
000001- end- of - page marker (EOP) Figure 9 shows an exanple of coding a
sinple black and white image 90. The 10 image is arranged as lines 91 of
pi xel s 92 [

coded as Agl@ﬁgﬁgk%hm%bﬁgé@%gﬁg%ﬁégp g?%g%kﬁ? aﬁggh?%wﬁpﬁ%gﬁ GB?“ﬁ}omnng
anot her alderwhiA earieltylef ¢qmi vabrhe einaeglingg can s prgthecelifor thO@me anipe psonad hetel ack

i ne follomjn not |1 -black line is coded using.two bits (A0, AQ0)
Were an &0§¥ stct?fm%t £15- Lorieramplesy pyye rg&eqaﬁ%emdmgm%m@sg@hefﬂ p&saa&le

code is u %Hnétofﬁeeédap 8f {hpB %oﬁg&%&)n BIEOME% 36 3151:6\%? a %f}@d igotmelbetp and A+l
codes are used to hove the edges. the next Tine I's nore
convenidententeding faatgven image.edge and kill the ol d edge rather than nove it.

EDRL enco xanpl.e WO 03/.018316. PCT/ AU02/.0 te that the

f or egoi ngdg}?%(?ﬁ?‘ﬁ‘(% 1t HETE 8‘?1?)15815 MHiT PodHeEDe tl}‘?(lj"%g ]tgké Oéih\l'fﬁ%fsaslfr}?nmé}? 567 t hm
per se. fmaékﬁﬁylg&xgggfvalent encodi ngs can be produced for the sane

i mge, sone nore conpact than others. For exanple, a pure runlength
encodi ng confornms to the conpression format. The goal of the conpression
algorithmis to discover a good, if not the best, 5 encoding for a given
imge. The following is a sinple algorithmfor producing the EDRL encodi ng
of aline with refer- ence to its predecessor.



WO 03/018316 PCT/ AU02/ 01060 21 5 #define SHORT_RUN _PRECI SI ON7 #defi ne
LONG RUN PRECI SI ON13 Byte currLine[], int lineLen, BITSTREAM s

preci si orwofo3sissné run precision of long run // previouspCTef®ronse)
bi-level line // current (coding) biztlevel line // line length // output
(conpressed) bitstream 10 int prevEdge = O int currEdge = 0 int codedEdge
= currEdge int prevColor = 0 15 int currColor = 0 int prevRun int currRun
boo] bUpdat ePrevEdge = true bool bUpdateCurrEdge = true 20 // current edge
offset in previous line // current edge offset in current line // nost

e —F- . N 1 I + 1 ; IO A o W
recent codgg. R _ RO PRECTIOT™ T T BBoh of Shor sune (0 - e

#define LONG_RUN_PRECISION13 1 precision of long run
EDRL_CompressLine
5 |«
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



/'l current color in current line // current run in previous line current
run in current line // force first edge update // force first edge update
whi | e (codedBdegssis | i neLen) possibly update current edge iPeTpy@eioonss | i ne
i f (bUpdat ePrevEdge) prevEdge, |inelen, prevColor) else prevRun = 0
prevEdge += prevRun prevCol or = !prevCol or 30 bUpdat ePrevEdge = fal se
possi bly update current edge in current |ine if (currkEdge < lineLen) 35
currRun = Get Run(currLine, currEdge, lineLen, currColor) else currRun =0
currEdge += currRun currColor = !currCol or 40 bUpdateCurrEdge = false //
out put delta wheeMAEPROEG DL Guel - €. When // edge senses match, and delta
is small enougthip ®LE of.,z= currColor) 45 delta = currEdge - prevEdge
if (abs(delta) <= - A) Put Code(s, EDGE DELTAO + delta) codedEdge
= currEdge WO 057Y18%16 PCT/ AUD2/ 01060

5 /I kill unmatched edge in previous line
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).



22 bUpdat ePrevEdge = true bUpdateCurrEdge = true continue 5 // kill
unmat ched edge in previous |line if (prevEdge <= currEdge) PutCode(s, KILL
- EDGE) woOpdatssis evEdge = true 10 // create unnmatched ed@geTiavideent | i ne
if (currEdge <= prevEdge) PutCode(s,23CREATE EDGE ) if (currRun < 128)
Put Code(s, CREATE_NEAR EDGE) 15 PutBits(currRun, SHORT_RUN_PRECI SI ON)
el se Put Code(s, CREATE FAR EDGE) PutBits(currRun, LONG RUN_PRECI SI ON)
codedEdge = currEdge 20 bUpdat eCurrEdge = true Note that the algorithmis
blind to actual edge continuity between lines, and nmay in fact nmatch the
"V\ﬁong" Qli-r; et ween WO 1es: a1y c ONPTE O v 3 3
not hing t 0PTSRS since it decodes correctly, and it is difficult
for a "vvrdng" match to have a detrinental effect on the conpression ratio.
25 For conpl BIENESBAMhe cor r espondi/Hgrédednpieessd) Bt ori thm i s gi ven
bel ow. It fByepreenadbr/profiousHeciapmic) Bxsapldér unit in the printer
controbl er cBi chState{lor coyren\iGr BB )HLBSE6IHRCT/ AUO2/ 01060 23
EDRL_Deconpr gs$helnen ( BIIRST&EAM s, // input (conpressed) bitstream Byte
prevLine[])// previous (reference) bi-level line

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




5 Byte currLine[], // current (coding) bi-level line int lineLen // |ine

| ength int prevBEdge = 0// current edge offset in previous line int

curr Edge wos/ois3aeir rent edge offset in current line 10 i ntrcaraw@olwn = O
current color in previous line (0 = wiaite) int currColor = 0 current color
in current line while (currEdge < lineLen) 15 code = Get Code(s) swtch
(code) case EDGE DELTA M NUS2: case EDGE- DELTA-M NUS 1: case

EDGE DELTA 0: 20 case EDGE-DELTA-PLUS 1: case EDGE DELTA PLUS2: // create
edge fromdelta int delta = code - EDGE DELTA O int run = prevEdge + delta
- currEdge i B I rrEdge, currColor, run) currEdge +=
run CUI’I’gCO %r%{ !@gwﬁé%%%%@gaggﬁg St Run( prevLi ne, prevEdge, |ineLen,

prevCol or)  preV4bid Hrshows ferwEmrasiod Pedbrmidhcd bf Gaag 4dndEIHRCEH thd CcdiBrar d
unused reference edge pr evEd‘%e += Get Run(prevLi ne, prevEdge, |inelLen,
g

pr evCol or )testsiogwstdpsed to selgstdhs GroupfsaleariaT Eaqtederumprirepresents a single

page scanned at 400 dpi. Group 4’s superior 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.



case CREATE_FAR EDGE: // create edge explicitly int run if (code == CREATE
- NEAR-EDCGE) run = GetBits(s, SHORT _RUN PRECI SION) else run = CGetBits(s,
LONG_RUN wBEGIo8I3@N) Fil I Bit Run(currLine, currEdge, curr Celcarauonono
currColor = lcurrColor currEdge += rws WO 03/018316 PCT/ AU02 /01060 24
5.2.3.3 EDRL Conpression Performance Table 5 shows the conpression
performance of Group 4 and EDRL on the CCTT test docunents used to sel ect
the G oup 4 algorithm Each docunent represents a single page scanned at
400 dpi. Goup 4's superior performance is due to its entropy-coded run- 5
| engths, tuned to 400 dpi features. TABLE 5 G oup 4 and EDRL conpression
performance on standard CCI TTT docunents at 400 dpi CC TT docunent G oup 4
conpr essi qHAB4AE 6 EDRIext@rdiféssnopoinedizes nunber 129.121. 6 249. 941. 3
317.914.1 4+35-5515.812. 4 631.025.5 7745 3 826.723. 4 Magazine text| is

typical |y [tBYjBEEEe i|n a typeface wit hsasepletext(imiEimess Tines) at a point

8 The quick brown fox jumps over the lazy dog.
9 The quick brown fox jumps over the lazy dog.
10 The quick brown fox jumps over the lazy dog.

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




size of 10. At this size an A4/ Letter page holds up to 14,000 characters,
t hough a typical 10 nmgazi ne page holds only about 7,000 characters. Text
i s sel domwbDypessstic at a point size snaller than 5. At 800 pdpiAUR®Xi60 cannot
be neaningfully rendered at a point sicze |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
si zesanpl e text (in Times) 8The quick brown fox junps over the | azy dog.
9The qui ck brown fox junps over the | azy dog. 10The quick brown fox junps

over the lazy dgg-, ka%e%f@%?%?ea@r,%ﬁRﬂ sﬁ%@%ﬁ%%@ﬂéﬁ?%&%%g& ce

on pages of text of varying point sizes, d at te that
EDRL achi eUssiptdierunkggihreedessare omed és40Mdpir ati o of 2.5 for an entire page of
text typeset at oi nt_si.ze distribution of characters on the

f. 3. Th
test pages is bygeégc%rﬂpr@ﬁ%‘i’q ‘S(F)IL-‘Ifsﬁjr‘?ﬁh%tgéhes?béf"iv@i“i’rbg‘aiWPY'FA‘E]_ TSNS 4

and EDRL CQmBiiemabh RS foQoMiGsiof thaned edlodRR0udlRis tROUA isi06AG Rahastgr s/ A4
Group 4 conpression EDRL conpression ratio pageratio 2340, 00027 31.7

3170, 0003. ®2tically881cheoin the c&e D5 9ey00E! IShaRc®wl, 0006. 56. 1 728, 0007. 77. 4
821, 0009. 19. 0 917, 00010. 210. 4 10, 14, 00010.911.3 1112, 00011.512. 4
128, 90013. 514. 8

5.2.4 Contone Layer Compression
5.24.1  JPEG Compression
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



138, 20013. 515. 0 147,00014.616. 6 155, 80016.118.5 203, 40019. 823.9 WO
03/018316 PCT/ AU02/ 01060 26 For a point size of 9 or greater, EDRL
slightly wotipeissaé ns Group 4, sinply because G oup 4's rwareagehi@wodes are
tuned to 400 dpi. These conpression rysults 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 very small characters. 5.2.4 Contone Layer Conpression 5.2.4.1
JPEG Conpression The JPEG conpression algorithm[6] |lossily conpresses a
contone i t ' i ntroduces i nperceptible
i mage deg?gggg?on@hégggggﬁgéé g%&fdkhéxmggx%%rmgil, and negligi bl e inmage

degradati on at TenfVREStanoredtycoss doehpressddiolan]id@HeakREG dr yPEGMyteytrdant. St
transfor the image into a col or space which separates |um nance and
chr omi nanck€iRtegeadpasaeieg If%rrSPé‘Ffa?f fieleat deppmpressippiisthe RENERMYHNERNCe

channel s ta.yg; HLB t%QWWs&tQ BEHUARRL ¢ AR hGel tq)lﬁr? f(p.l(? (Eiaéj dfe ﬁér &b h uman

visual systemis 15 relatively greater sensitivit I"'um na
chr om dancdanifl} [@6]. Thiumifidncs ancs¢mmmrmaod1are Gd:[m‘ated: ldwnrthd: lumanmmphmsad

separately. The i.s divided into.8x8 er ocks. Each block is then
t r ansf or met nSHQrSOP‘ﬁg ﬁa&g“ﬁ ﬂ@ﬁedewav?% lgg]ﬂé’tﬂéeréﬁta ne transform
(DCT). This trqpﬁfn‘ﬁhé‘f&%lcﬂfbnﬂﬁ%c% RépaeftfRGs deeﬂa{ed%ees%fyré}meﬂﬂ)r't SBErgy In
relatively |ower-frequency coefficients, which allows 20 her-trequency

coef fi ci ermf$ableshsaingor é)r@ umrengncq gebsampling, T @hﬁﬁampnzqted@m YC<:Cb lard Cr

princi pal f ) n JPEG | Furt her Si 0 eved by
or deri ng (?:lge al"%lalé]r}(ts rdeakﬁélrtlg@‘eggs%w H?IECSCP T?'@Fi"ﬂg%l Sad]f‘p 5‘%1] acent
zero doeffici entg, JP@n}jb)&ékﬂﬂamﬁiléﬂn@;ﬂ@E lAn@ Bl PEdIZinEA MScodtai eI OBSa refbine] | Y,
the runl engths and non-zero frequency coefficients are entropy coded.
Deconpr esdPbfEOBIPFS8IOD peludiag guyrRaeonindidniimar gbls. 25 WD 03/ 018316

PCT/ AU02/ 01060

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.



27 5.2.4.2 CWK Contone JPEG Conpression Format The CMYK contone |ayer is
conpressed to an interleaved col or JPEG bytestream The interleaving is
requi red woro3gpssee- ef fi ci ent deconpression in the printer pCsUREYGO
restrict the decoder to two sets of Hsffman tables rather than four (i.e
one per color 5 channel) [16]. If lum nance and chrom nance are separ at ed,
then the | um nance channels can share one set of tables, and the

chrom nance channels the other set. If |um nance/chrom nance separation is
deened necessary, either for the purposes of table sharing or for

chrom nance subsanpling, then CW is converted to YCrCb and C and Cb are
duly subsanpled. Kis treated as a | um nance channel and is not subsanpl ed.
10 The JPEFABLES I efihalimagdEbslRIdaeed BY ba@Pitaieied. It contains all] data
required or deconpression_including quantization and Huffnman table 6
Menj et Printhead 15 pn 8- md’n‘llﬂ/b?ﬁdel print fjead consi $rinthbéad o st andard
4-inch Menj erseg |n hgads joined together dide by side. The two 4-inch
print headsjare W|red up together in a speciffic way for use in iPrint.
Since the wiring reqfi rEsstideewW edgeadtidot he |4- 1 vgRe @6 Nt Head, Lag dpyer view of
the 4-inch is presented here 20 6.1 Conpositlion of a 4-in
Print head Each @- inc pr| ﬁthead consits of 8 ség49@nts each %d@?rent 1 2 an

inchin le lgt b—FEach frent A3 f—agent | ow
and bl ack fiots bver d| fgpgr ent F?Q’%f tﬂre paJe\2 o pr cduce ?’?ggfl nal
i mage. 25 Hinceythe printpend pri nt§3g@ts gt I6@hodp1 , gach dggoys
approxi mat ely 22 5 crons in|dianmeter, ard spaced 15.875 nicrons apaft.
Thus each hal f-3nch ,egnizﬂ(ﬂO pri nts B,(DB9dot< W|8t.800t he § segn®ppg

cor r espondirag—to—thetpos AS o.. Falfe—8—WD-03+41-8316—PCT-AUO2
/01060 28{TABLE 8 F nal?’?(?tcg dot s 3g%res<ed bf@gch segrrent10399
Segnent Pri ftheag IPTfnthgagyZ Hi FST4 666 Last dot[jigf dotLtast A%To9

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.



007996, 4007, 199 18001, 5997, 2007, 999 21, 6002, 3998, 0008, 799
32,4003, 1998, 8009, 599 43, 2003, 9999, 60010, 399 54, 0004, 79910, 40011, 199

64, 8005, 5@9l/02630d 1, 999 75, 6006, 39912, 00012, 799 Al t hough eagm®@egnent
produces 800 dots of the final imge,29each dot is represented by a

conbi nati on of bi-level cyan, magenta, yellow and bl ack ink. Because the 5
printing is bi-level, the input imge should be dithered or error-diffused
for best results. Each segnment then contains 3,200 nozzles: 800 each of
cyan, magenta, yellow and black. A four-inch printhead contains 8 such

segnents for a . of . O | QuUpI: f zzles Wthin a
Segnent 10 TheIhg%?#ggs&%ﬁﬁgﬁggg§§ﬁ8ﬁ§6ggaé%%?gﬁﬁépgﬁgﬁégﬁhgSﬁnggﬁy%ﬁé of
physi cal shetbpririthaadaFhe feddinoaslesrihoult eahiximal{ di3eiVg o G2 MSYATES 4ré AirddUfidriig
printing. In terns of physical stability, a total of 10 nozzles share the
same ink re@sfesaggent. T|0rfj3r€@}lr¥é,6<9p NeEHEs: lg%ﬁgi?ﬁﬁi‘t‘ sehof JHoinseles susheefiglde t o
enable a |l ows 1 gh- IO I rts
fuo printing spasds oo TR BERR R Pl Foir AaFoBhE RIASRE.EHBRE | 2
made i 15 diNdtertentevpr, doutdte energlyicgusumieidao print apdghés thowampaebbtpraset.i ng node,
128 nozzles are fired simultaneously fromeach 4- inch printhead. The fired
nozzl es should be nmaximally distant, so 16 nozzles are fired from each
segnent . T@1.iire qbh No2zIONMAKRZZP&F. 200 different sets of 128 nozzl es nust
be fired. WO 03/018316 PCT/ AU02/ 01060 29 In the high-speed printing node,
256 nozzl es ar eA singledpodil@licoanss af | 9ndzztemlBhslarisg ajqeoimey inktrésendir. The fired
nozzl es shoulp be .maxi mal | d%istantbmsoggé?nOZTIesdare fgrﬁg from .each
segnent. TOZFFS &N PISBYFEY AELL N0 NE0 G2 PORIEMPINES 0512258 HES M es nust
be fired. dififetpOWatedHNSUSBYS Milcrbit gfid &Fi §10¥H 6 RESHs thedarangentbat bf 4 iadle pbd t he
hi gh-speed node. 5 Note, however, that the energy consuned to print a page

i s the sam®0; withghanazalsed0! gurnbered acrerlingtehe erdemivewhicipgigy must be fired.
Although the nozzles are fired in this order, the relationship of nozzles and physical

placement of dots on the printed page is different. The nozzles from one row represent the
even dots from one line on the page, and the nozzles on the other row represent the odd
15  dots from the adjacent line 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.



A single pod 100 consists of 10 nozzles 101 sharing a conmon ink reservoir.
5 nozzles are in one row, and 5 are in another. Each nozzle produces dots
22.5 m crwoxsioms3ld di aneter spaced on a 15.875 mcron gri @ecTAWene6d0 shows
t he arrangenment of a single pod 100,30mith the nozzles 101 nunbered
according to the order in which they nust be fired. Al though the nozzles
are fired in this order, the relationship of nozzles and physical pl acenent
of dots on the printed page is different. The nozzles from one row
represent the even dots fromone line on the page, and the nozzles on the

ot her row r,esent dd 15 the adj acent |ine on the page.
Figure 11 éﬁgtﬁs t he ?)‘Halﬂf%q%gt( gﬁod‘?zl es nunbered according to
the order in V\hlscclhrctrh@bdm@s aﬁ%réﬂﬁﬂﬁﬂntoﬂ"ﬁn%]@?éd SupM 1) Shca elr@d ar e
therefore logically separated by the width ot. The exact distance

bet ween t Hérerpanadeontainisid0depded earh paderqupspateins @90 apzalese SQ/mﬁneﬁO friagemig,

mechani sm d e taggere i o]

mat ch the OIYQ:?IOQ ém w%g(:kel?mq? %r &5"%& cﬁ%o‘fzor’ W&kcz]srgmapc’dts

Chr omapod funebepaD-af Nee ciat el d@standelt@twden ad}aamtama@ag@@teaaglga%;edﬁetl ow 123
and black 124, are grouped into a chromapod 125. A chromapod represents

di fferent Cé%ﬂ%f conponents of 25 the sane horizontal set of 10 dots on
different lines. The exact distance between different color pods depends on
the Menjet operating paranmeters, and may vary fromone Menjet design to
anot her. Theld st diwnePoderowpsMelke a®Phiasegroup const ant nunber of dot-w dt hs,

and nust therefore be taken into account when printing. t dots printed
by the cyan nozzP fows pE g %f"?@raegﬁ’tglt P%Egrpﬁ%h%ﬁ&é’ﬁﬁeg'ﬁt‘%s% t he

magentd, VigihledWeLiusbbaflss BOFF, RS ma’lttﬁa gﬁ)ase%lbt}%m@qlr@d gﬁfutttteauw%hnaé how for
a variable distance up to about 8 dot-wd etween -colors. Figure 12

i |1 ustrat e@ven Biimgplese (thisnapadainafiDnosyre 18Rl de@/ Fiyo@ioddBoof agthag:gtoup. 3

Five Chro ods e a. Po 0 5 chroma ds, 125, ar .or gani zed

i mel o podiBaoBEodsfRURLOHR o MRS s Alehigh SRBuRERuh LR A
podgr oup cmugml?ﬁnm@hnggzzl es: 50 cyan, 50 magenta 50 yellow, and 50
bl ack nozzl es he arrangenment is shown in Figure 13, with chromapods 5

nunbered 0-4. NOW@Ng lestsneppERtEta vl opR PlEIWa BodereHPERaRIcoings it insa
exaggefsat eﬁvénoﬂrmgﬂ)tﬂgé,gg 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.



6.1.1.4 Two Podgroups Make a Phasegroup 2 podgroups 126 are organi zed into

a single phasegroup 127. The phasegroup is so

10 nanmed because groups of

nozzl es wwolisnisiphasegroup are fired sinultaneously duri mgTaavogiovsn firing

phase (this is explained in nore det ail
from 2 podgroups is entirely for the purposes of

phasegr oup

hi gh-speed printing via 2 PodgroupEnabl e |ines.
only one of the two PodgroupEnable lines is set

bel ow) .

The formation of a
| ow- speed and
During | ow speed printing,
ina 15 given firing

pul se, so onIy one podgroup of the two fires nozzles During hi gh- speed
printing, patiFPodorguptna bte—tine gth puug%e““° H+-e
nozzl es. Qo Mt I ’50 Ir GW%'BE%E’rﬁrﬁ‘ﬁgle?dR%‘%pf das | ong as a
hi gh- speed primNamspce[the i @Bnﬁﬂ?ﬁi@np“ nt llcﬁw aﬁo%@?aﬂﬂ?” €s
at once. Higure 14 illustrates th conp05|t|on 0 phasegroup. The
di st ance bet weGInOUIﬁOgadj acent podgr oups i s exaggeRatied fof clarity. 6.1.1.5
Two Phase ol Meke—a— €gt-otp P 'Jhaabyl HPS 127 (Pha Dgrn"pA ah
PhasegroupB OZ?S organ|¢eg‘§nwﬁ a single firégioup 128, wikh 4 firegroups
in each segpgglt 129. kireggggaﬁxgggdso named[ Qgcause 25 [ngy att fiTte the
sane nozzlles simultaneously. Two enable |ines, AEnable and BEnable, gllow
t he firing ﬁmnﬁhaxdgroupAthqmié%JﬁthRmaﬁegrGupB nozzl esj i40dependent|l y as
di ff erent {iri-ng—phasesi—TFhe—arrangement—is shownin Figure 15 The
di stance HePReH HuPadjacen?h@WBQBﬂ%@§PP§g€R%g Sthted for c| @Mty. 30 §.1.1.6
Nozzl e G QURLIT . EpTarY T S the Tozz poupTNgsiin a
print head.| WO %/ 018316 P@g&ﬁ)f/p%l@%%gé [@5 TA%L]E 9 Nozzle ééoupi ngs flor a
si ngl e 4-inEhregroupt head | NamBegrbugsop tisdgropnRefeki cat i on Nogz"oe Count
G oupi ngRati-o—Nozzl eBas¢ unit1:11 PodNozzl es{ per podi0: 11
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 mformation 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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consists of two 4-inch printheads for a total of 51,200 nozzles. 6.1.2 Load
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respectively. Since there are 25,600 nozzles, a total of 800 pulses are required for the

transfer. Once all 25,600 bits have been transferred, a single pulse on the shared PTransfer

line causes the parallel transfer of data from the shift registers to the appropriate

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. Th'e' 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



5 The Load Cycle is concerned with |oading the printhead s shift registers
with the next Print Cycle's Nozzl eEnable bits. Each segnent has 4 inputs
directly welabesti¢ o t he cyan, magenta, yellow and bl ack ®kirfAvmegicst ers.
These inputs are called CDataln, Matmsl n, YDataln and KDataln. Since there
are 8 segnents, there are a total of 32 color input |lines per 4-inch
printhead. A single 10 pul se on the SRO ock |line (shared between all 8
segnents) transfers the 32 bits into the appropriate shift registers.
Alternate pul ses transfer bits to the | ower and upper nozzles
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si ngl e pul pgsean t he shared PTr ansfer I|ne causes the parallel transfer of
data fromthe shift registers to the appropriate 15 Nozzl eEnable bits. The
parallel transfer via a pulse on PTransfer nmust take pI ace after the Print
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relative qi gference must be accounted for when |oading the data into {he
print head. Yhe actual difference in |ines depends on the characteristics
of the inkjet mehani-pm dSnis Bwcln WERIhREAC o Thesdid Lananeas ogn  be
defined by _variables D, wher e is the distance between no es of
different colors, and D2 is the di stance between nozzl es of the WO

03/ 018316 PCT/ AUD /010? %% sape color. Table 10 shows the dots
transferred to SRGMA ' 2BAYE PHSFht head on the first 4 pul ses.

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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4800S+3N+D2N+D, +D2N+2D, +D2N+3D1+D2 aS4= segnent nunber (0-7) bD, = nunber
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printhead in order to compensate for temperature change.
The AEnable and BEnable are separate lines in order that the firing pulses can
overlap. Thus the 200 phases of a low-speed Print Cycle consist of 100 A phases and 100 B
phases, effectively giving 100 sets of Phase A and Phase B. Likewise, the 100 phases of a
15 high-speed print cycle consist of 50 A phases and 50 B phases, effectively giving 50 phases
of phase A and phase B.
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)



speed nmode, two fire pulses are required, wth PodgroupEnable = 10 and 01
respectively. 5 For the high-speed node, only one fire pulse is required,
wi t h Podgwoupknssind e = 11. The duration of the firing pul secraweweroby the
AEnabl e and BEnable lines, which fir3 the PhasegroupA and PhasegroupB
nozzles fromall firegroups respectively. The typical duration of a firing
pulse is 1.3 - 1.8 Ts. The duration of a pul se depends on the viscosity of
the ink (dependent on tenperature and ink characteristics) and the anount
of 10 power available to the printhead. See Section 6.1.3 for details on
feedback fromthe printhead in order to conpensate for tenperature change.
The AEnabl e and BEnabl e are separate lines in order that the firing pul ses
can overl ap. THoueetlbwe-spef phnmsgsnazlk, memmwg$pheﬂsﬁhﬂamFﬁyekephmmsﬁﬂk:of 100
A phases and 100 B phases

effectively giving 100 se A and
Phase B. [MigewrebmofpuhegdoggioypEnare was bl rﬁweﬁh@sa%gﬁl?%fg Eeef@Fe Usi st of
50 A phasqg and pefuBdRB3Sksvs: €f fectivel y giving 50 phases of phase A and
phase B. Figure 16 shows the Aenable 130 and Benable 131 lines during a
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times aboyt &5 ﬁ%gﬁﬁlaﬁ& Q{JILOggr tngorgg{a %pﬁgﬁldﬁ i nting node,

the firing or romapo odg oupEnabl e 11

(Phases A-andm%)mapo&mmpndﬁeésawct O,Pd‘dgicﬂpES@dle(I‘D (BhasRodgr@BpEnabl e 11
(Phases A and B) 25 ChromapodSel ect 2, Nozzl eSel ect 0, PodgroupEnable 11
(Phases A®and B) ChrorrapodSeI ect 3, Nozzl eSelect 0, PodgroupEnable 11
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(Phases A and B) Chr omapodSel ect 4, Nozzl eSel ect 9, PodgroupEnable 11
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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

s slower than this, so 1s also acceptable.

20 - The flrmg of a nozzle also causés acoustic perturbatlons for a limited time w1thm
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.



10 are substituted as follows: 5 ChromapodSel ect 0, Nozzl eSel ect O,
Podgr oupEnabl e 01 (Phases and B) Chr omapodSel ect 0, Nozzl eSel ect O,
Podgr oupBwalBe18Bds ( Phases and B) ChromapodSel ect 1, NeraiaSelewsd O,
Podgr oupEnabl e 01 ( Phases and B) ¥ehr omapodSel ect 1, Nozzl eSel ect O,
Podgr oupEnabl e 10 ( Phases and B) 10 ChromapodSel ect 3, Nozzl eSel ect 9,
Podgr oupEnabl e 01 (Phases and B) Chr omapodSel ect 3, Nozzl eSel ect 9,
Podgr oupEnabl e 10 ( Phases and B) Chr omapodSel ect 4. Nozzl eSel ect 9,
Podgr oupEnabl e 01 (Phases A and B) Chr omapodSel ect 4, Nozzl eSel ect 9,

Podgr oupEnabl e P . 5 \Wen nozzle fires,.it takes
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hi gh- speed printing node, the poggroups are fired together. Thus the 5 30
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the resonant frequency of the ink channel is 2.5MHz. Thus the | ow speed
node all ows 50 resonant cycles for the acoustic pulse to danpen, and the

hi gh- speed, Mdg,sc  informs the controller how hot the printhead is. This allows the controller to

>>>>>r>

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.



al l ows 25 resonant cycles. Consequently any acoustic interference is
mnimal in both cases. 5 6.1.3 Feedback fromthe Printhead The printhead
produces wemsroagslbi nes of feedback (accumul ated fromthe &crsagnemiss). The
feedback lines are used to adjust thestimng of the firing pul ses. Although
each segnent produces the sane feedback, the feedback fromall segnents
share the sane 10 tri-state bus lines. Consequently only one segnent at a
time can provide feedback. A pulse on the SenseSegSel ect |ine ANDed with
data on Cyan selects which segment will provide the feedback. The feedback
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The printing prgcgess. has. a s ng tendenc .stay at the equilibrium

t enperat ure. T%regeﬁg ks FQOHQ?& 6‘%8’%?&? Py égtfltlg’r‘ls éﬂegt"ﬂreafffﬂ Pl‘?rg)(ﬁmﬁﬂ?ﬁ Bdraph
has a Konsddiketilcdind ddih BheigteandRredus fhk HrinieR t enper ature nust be net
before printing any dots. This is acconplished via a preheat cycle. WO
03/018316 PCT/ AU02/ 01060 37 The Preheat cycle involves a single Load Cycle
to all nozglgs @l 'n%%)(cile e. setting all nozzles to fire), and a nunber of

ses {0 ‘ea

short firing pu ch nozzle. The duration of the pulse nust be
i nsufficient tdnfordee td heluct ipshariees ofeauigh bé@ntieatiopged heichikg cié ogeiher

about 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:



200 pul ses for each nozzle are required, cycling through in the sanme
sequence as a standard 5 Print Cycle. Feedback during the Preheat nobde is
provi ded Wy 0B®essse, and continues until equilibrium tenpecaraume/ior eached
(about 30 C above anbient). The duratison of the Preheat node is around 50
m | liseconds, and depends on the ink conposition. Preheat is perforned
before each print job. This does not affect performance as it is 10 done
while the data is being transferred to the printer. 6.1.5 Ceaning Cycle In
order to reduce the chances of nozzl es becom ng cl ogged, a cleaning cycle
can oe ur,ii takemrbefore P £ .‘C ob—Each—nozzte—+s—fH+ed—a—nurper of
times intg §#L§B§iorb§?| “"fE JBY ‘@aéi qhections ; ng cycle involves a sihgle
Load Cycl d to admé&ozzlleyppd ] 1's (T.€. Seltipgscrfilonn0ZZT €S TO TiTE), and
a nunber gf firing pulsles to gach nozzle. The nozzles are cleaned v|a the
sanme nozzl{eChramapgdSelguiedce ag Selsttarider chrbmiaped @iicfie. (0Bhe nunber of | ti nes
that each nozzle is fifred degends upon the ink conposition and the fine
that the grinter has begen 20 ildle. As with preheat, the cleaning cyc|e has.
no effect IONoRiIESEId PEl YOT MANCEele& whibh AN R&AThd wcﬁ&{n%% {@-‘9 ary
singl e 4-ijnch pnnt head has theg connections shown in Table 11: 03/p18316
PCT/ AU02/ Q186dgrogsEnaBlee 21 Foyr EnatddtherpodgioepsitoGonfeetidearisO!, 10, 11)
Nanme#Pi nsDestcrtpti-on—ChRrerapegSelee—3Sel-eet—whi-eh—chromapod—will—fire (0-4)
t Nozzl eSdl BHMARE| ect whilch ndzbTEEPUSERRTRISSREW K| fire (0-9)
Podgr oupEna abl'e tjnge poddr Tel aye] of — 01,10, 11)
AEngbI elFi ?ﬁélggl se forqohasea?%ﬁgpkggé%%%%g&rpfﬁq pul se for phasegroup B
CDat al n[ O-|7T8@ydmOF Hput| Bo cyanCsdn nputrtegiyst ehift edgisegraagseds F-7

=

R O e T P O T R o Tnput Lo maseia shift repister o soements 07
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 oﬁ

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




YDat al n[ 0-7] 8Yel l ow i nput to yellow shift register of segnents 0-7

KDat al n[ 0- 7] 8Bl ack input to black shift register of segnents 0-7 A pul se on
SRC ock (sloioBoResgs st er Cl ock) | oads the SRC ocklcurrent valPaasatozoneo
CDataln[0-7], Mbpataln[O0-7], YDataln[®97] and KDataln[0-7] into the 32 shift
registers. Parallel transfer of data fromthe shift registers to the
PTransferlinternal Nozzl eEnable bits (one per nozzle). SenseSegSel ect 1A

pul se on SenseSegS. el ect ANDed with data on CDhatal n[n] selects the sense
lines for segnent n. WO 03/018316 PCT/ AU02/ 01060 39 TsenselTenperature
sense VsenselVol t age sense RsenselResi stivity sense WsenselWdth sense

Logi ¢ G\Ditage—grounrartogirc—TWRHogte—power—V-Bus—Act tater+—G-oeunrd—bar s
V+Act uat or ¢ TOTAL 55 | nt ¢r RAPPERURRENSE. | nch printhead, each segnent
has the cqn{ggLions to[The DO”GVE?%C%% SRown 1T n Table 1IZ: WO 037 0T83I6
PCT/ AU02/ 01060 40 ABLE 12 Four Printhead Internal Segnent Connections
Nanme#Pi nsDeRsanispt i on 1 Resistivity sense

Wsense 1 Width sense

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:



Chr omapod 3Sel ect which chromapod will fire (0-4) Sel ect

Nozzl eSel ect 4Sel ect which nozzle fromthe pod will fire (0-9)

Podgr oupBwalBe2EBnabl e t he podgroups to fire (choice of: O0PCTIA02Di)60

AEnabl elFiring pul se for podgroup A Bfanabl elFiring pul se for podgroup B
CDat al n1Cyan input to cyan shift register Mbatal nlMagenta input to magenta
shift register YDatal nlYellow input to yellow shift register KDatal nlBl ack
i nput to black shift register A pulse on SRC ock (ShiftRegisterd ock) | oads
t he SRC ockl current vaI ues from CDat aln, Mdataln, YDataln and KDat aI ninto

he 4 shif c - t
o ihe b paeETerna) Seeman Conmpeloy | o > e

to the PTrla

SenseSegSgl ect anl se ompﬁgmeSegSel ect ANDegeSxM.iplﬁogat a on CDhataln [sel ects
t he sense nes for thils segnent. Tsensel Tenperatire sense VsenselVo| t age
sense Rser{s€hResipsti vi tly3sense Yelerisdiia dromsmiseillfogi(@-4BND1Logi ¢ grlound
Logi ¢ PWRILQgi ¢ power \-21Actyator G ound V+21Actuator Power TOTAL 1 66 1
(66 x 8 sdg t's = 528 |for all segnents) WO 03/018316 PCT/ AU02/ 01060 41
6.2 8-inch Ropnés@ad Cdnai der 3t §QBK which nozzle from the pod will fire (0-9)
PodgroupEnable | 2 Enable the podgroups to fire (choice of: 01, 10, 11)
AEnable \ Firing pulse for podgroup A
BEnable 1 Firing pulse for podgroup B
CDataln 1 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

A pulse on SenseSegSelect ANDed with data on

CDataln selects the sense lines for this 'segment.‘ '

Tsense 1 Temperature sense

Vsense 1 Voltage sense

Rsense 1 Resistivity sense

Wsense 1 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)




An 8-inch Menjet printhead is sinply two 4-inch printheads physically

pl aced together. The printheads are wired together and share many common
connect i owe @migsneler that the nunber of pins from a cont ratTVAuvg/ooisdp i s
reduced and that the two printheads can 5 print sinultaneously. A nunber
of details nust be considered because of this. 6.2.1 Connections Since
firing of nozzles fromthe two printheads occurs sinmultaneously, the

Chr omapodSel ect, Nozzl eSel ect, AEnabl e and BEnable |ines are shared. For

| oading the 10 printheads with data, the 32 lines of CDataln, Mbataln,
YDat al n ang different SRC ock lines are used to
det er m ne |Eﬁ§iﬂ Pa%fgﬁﬂﬂ9ﬁggﬁgs|s to be |oaded. A single PTransfer
pul se i s used tAmBrxamlﬁ/[emjdtfpemtmadifscbndpltyawbmh@c}t prénthleiz pRsiaiily @lackd t s for
bot h prlnthquf Slﬁl|ﬁ§gé the Tsense, Vsense, Rsense, and Wsense |lines
are shar el@8ehet Hhoprp AEbYEeq fogeifer andghatei Mg iCeRMMNBICRBRSF IO RRINtaRgeT
print heads NI ons
except SR&P?&&C§Q§6&22 ggEhﬁgﬁwemﬂﬂh&%a1gdsggﬁﬁggﬁ?gﬁﬁﬂgggb gg@%?%é%honce
for eadh pprimtsimedtnedusty. dActuwnabber of detnigchiigrbs cangdestrbbatatmerod thin Tabl e 13: WO
03/ 018316 PCT/ AU02/ 01060 42 ABLE 13 8-inch Printhead Connections

Name#Pi nsDescri pti on Chronpod Sel ect 3Sel ect which chromapod will fire (0-4)
Nozzl eSel egd4Setosiectibheh nozzle fromthe pod will fire (0-9)

Podgr oupEnabl e2Enabl e the podgroups to fire (choice of: 01, 10, 11)

AEnabl elFiring %m%@nmmf rpxzdgx% tam the Bamalbmtéqazisppmgs pmusktendoosl)/pfbdgr oup B

CDat al n[ O- t

MDat al n[ 0%%’%% a | n u g %laér}aé‘gﬂ b]egﬁl P ?‘ngbé%rg?seﬁr q?eare eEﬂfe‘H?‘l‘“émf

YDat al 1ff O- ﬁar&P{@ldk OzwhldlamutheBQ 1yned bo@Detalr, MD&ginS ¥ Blatadi asERDRAISard sHared,

KDat al n[ O- 7]8BI ack |§£ut to black shift register of segnents 0-7 A pul se on
SRC ock ( SHidr4 Rblgicst eReclosk lkiyey @s&geqtﬁéie@;mn@dml%ﬁrth%mo prantheass {5 torbe

Chat al n[ 0- luadedwgestn?él@i’@raﬂfer Q@E’é R84 Pro Han @A E R BAQ 1r7t1) tﬂe%&zﬁejﬁ%ag’l% shift

registers
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:



for 4-inch printhead 1. A pulse on SRC ock (ShiftRegisterd ock) |oads the
SRA ock2lcurrent values from CDatal n[0-7], Mbdataln[O0-7] YDatain[0O-7] and
KDat al n[ Ow®]osiomt3n6 t he 32 shift registers for 4-inch. printreadatd2/oRanal | el
transfer of data fromthe shift registers to the PTransferl.internal

Nozzl eEnabl e bits (one per nozzle). A pulse on 4-inch printhead 1's
SenseSegSel ect |ine SenseSegSel ect|l 1ANDed with data on CDatal n[n] selects
the sense lines for segnent n. A pulse on 4-inch printhead 2's
SenseSegSeI ect | i ne SenseSegSel ect21ANDed with data on CDhatal n[n] selects

t he sense segrent Asel fenperature—sense —YVsensetVottage
sense Rser?é%‘i%@s?st |8\/'1“¥W§lé}‘i§‘éa‘\/@f 53%9316 PCT/ AUD2/ 01060 43 Véensdl W dt h
sense Logic G\QiL@I' C Jr@pid [0gi C PVWRILOgi C_pRy&iptidnBus Actuator G gund
bars V+Actuator Power TOTAL 54 6.2.2 Timng The |0| ning of two 4-inch
print heads @hndmpodlSakgct()B appr ppelat whmmhMapodwérﬁm@((bé) an 8-inch wide

| mage to be Noz'leéSLei'e\Et &S lea St—ay Sﬁeleﬂct Iwﬁ%ﬁszﬂe from fﬁe pod WW twce
PodgroupEnable | 2 Enable the podgroups to fire (choice of: 01, 10, 11)
AEnable 1 Firing pulse for podgroup A
BEnable 1 Firing pulse for podgroup 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

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




5 as nuch data to transfer to the 2 printheads before the next |ine can be
printed. Depending on the desired speed for the output inmage to be
printed, watoa/omssé be generated and transferred at approprcatsaogpesds in
order to keep up. 6.2.2.1 Exanple 10 48s an exanple, consider the timng of
printing an 8" x 12" page in 2 seconds. In order to print this page in 2
seconds, the 8-inch printhead nust print 19,200 lines (12 x 1600).
Rounding up to 20,000 lines in 2 seconds yields a line tine of 100 Is. A
single Print Cycle and a si ngIe Load Q/cle rrust both finish within this
tinme. In adg IUTT ad pll cat ss—exterta—to—the pl -At-head—ust— nove
t he paperaE(r?vapfﬁ opri at ‘amount Wlﬁg‘ﬁgp%mthe printing point of view the

hi gh- speed FMo rtgrpde al ljows 34 fobioGRounar T Nthead to print an entire Tine in
100 Ts. Bo -inch priptheadqd miSt therefore be run in_high-speed print
nmode to prj ﬂnongRt anepusl y. Theglefpower 512 nozzles fire per firing pulse,

t her eby enabl+nrg—the—prattngrof—an—8—+4nch—tHne—wthinthe -specified{ine.
The 800 S Olvock pul ses t &%ot éCF‘ﬁf,oﬁdﬁPWﬁ heads (each cl ock pul se
transferrijng 32 20 bitB),pust] al so take place within the 100 T line tine.
| f both printheads are ) oaded [sinmulta- neously (64 data lines), the |é¢ngth
of an SR jpdk+ pul se canpot exdeddtub@d Posvef 800 = 125 nanoseconds,
i ndi cating tIJ""* +he—prprtheadrust—be—ectocked—at—8Mz—lf -t he two
pri nt heads oaded [0 é{vgt atinme (32 shared data lines), the |l ength of
an SRCO ock pul se cannot —excéed 100 Ts / 1600 = 62.5 nanoseconds. The
printhead nust therefore be clocked at WO 03/018316 PCT/ AU0O2/ 01060 44
16\Hz. In 6-(3t21 il"imtr@nces t he average time to cal cul ate each bit val ue (for
each of the 00. nozzé 534 gl (fxc ed 100_Ts / 51,200 =

nanoseconds Thqrr ¢ Jouy s P pna fatSAN W‘PH%Hf?Eﬁ’r%ﬂn%%o"@PCttot‘?éeF@lqsow ng
speeds: a@@@ndﬂﬂldg%%e&blbewte@aﬁ fdselfy A 4Btk VGM@ fa ezﬁgw%?r BERSE Wé/l'c@g 2
bits (dots) per cycle 125 generating 4 bits o‘g per cycle 10

Pri nt erd Cofit Mu¢h ¢dta o tranpfer it e 2@oimtheadly feqforArthmnetxedm@c@ lﬂétmnmd megcndmg

oan ¢ RORMA RS A Phod e b b B aPhBE RS ' Skl

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 a, 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



The I CP 83 contains a general -purpose processor 139 and a set of

pur pose-specific 15 functional units controlled by the processor via the
pr ocessorwbuws/o1ssc shown in Figure 17. Only three functi orahl/Aeisicar e
non-standard - the EDRL expander 140,44t he hal ftoner/conpositor 141, and
the printhead interface 142 which controls the Menjet printhead. Software
running on the processor coordi nates the various functional units to 20
recei ve, expand and print pages. This is described*in the.next section. The
various functional units of the ICP are described in subsequent sections.
7.2 Page i Loty . j prLnt | ds as

(ol | ous. ACHDS 1 BofIf ek b o ERER, BIBRAELAR ARFLRVHIL (AP RhF B e

i nt erface 51990abgz1eS rSisOhQEXCEdN@OMTsISITROY = BB osdcon@. ThisTedqifey aldst

dedi cated to page storage. This can hold two pages each not exceedi ng 3MB,
or one pagecraler funnggRyt ong of the follnsting ensedsit es pages not exceedi ng 3MB, then
the printer operates in streamng node - i.e. it prints one page while
receiving the next. If the host generates pages exceeding 3MB, then the
printes oper s§EFHILehbAghe1 Padeothpeleyclei . €. it 30 receives each page and
prints it before receiving the next. If the host generates. pages

exceedi ng *6MQ Métr genespting @ brte(datD@dr ¢¥¢let he printer. In practice the
printer driv vents. this ha ning. WO 03/018316 PCT/ AU02/ 01060
45 A page'coﬁ%% %Ww?ﬂﬂgﬁkpfékggbﬁﬁggﬁ-level bl ack layer, and the contone
| ayer. These are conpressed in distinct formats - the bi-level black |ayer
in EDRL format, the contone layer in JPEG format. The first stage of page
expansi on consi sts of deconpressing the two |ayers in parallel. The

bi -1 evel layer 4 ed 16 by the EDRL expander unit 140, 5 the
contoﬁg Igier fﬁﬁggpgﬁgaﬁﬁ G decoder 143. The second stage of page

expansi on TbnsiBimtep CohabileoArddtetturehe contone CWK data to bi-|evel

CWK, and then conpositing 17 the bi-]evel black |ayer gver the bi-I|evel
CMYK | ayer. ThellGArm{ss sPrEP!ienaonstipefdhe ibngt rentehpiorggonds Phsfin fd 2

hal f t oner /GMBORTIRINM $30kkd td Inas kOO Hab B, aslHGw R ATPRIcLed DI -l evel CWYK

image is printed 18 via the printhead nterface uni 142, which controls
t he Menj et pri nthed&@.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.



Because the Menmjet printhead prints at high speed, the paper nust nove past
the printhead at a constant velocity. |If the paper is stopped because data
cant be fwd woigshe printhead fast enough, then visible pmPCTIAUNZ/01060
irregularities wll occur. It is therssfore 15 inportant to transfer

bi-l1evel CWK data to the printhead interface at the required rate. A

full y-expanded 1600 dpi bi-level CMYK page has a size of 114. 3MB. Because
it is inpractical to store an expanded page in printer nenory, each page
is expanded in real tinme during printing. Thus the various stages of page

expansi on and pxintl e i Lne - Th p i on d ,printing data
flowis descri béé)ﬂéén&%gﬁfseofﬁs‘ﬁ%sg tgaalr gélglttgg%ﬁﬁf%i %Ia%e f%’ﬁl r}ec}%?'efghhes nory
of 174MB/ saré sompiessediih distinétferntapaiit bi-ldvesbladk laydrie EDRIe@ANAY, 6@ ®stonsuUch as
Ranmbus. WO 03/018316 PCT/ AUO2/ 01060 46 ABLE 14 Page expansion and printing

dat a now r'8¥&dR_ PRIt Dt fyst Saee of Preft AR e BeAsiSisof dae MR YHREWE AMdW

bi | evel st CanTTRRDIe Hecmiare il et ey Eh TNt Bhinde YR fio,
ssst r edmCMi8 c8Npres ByS3M tsy tho PG dkcodec bdpr eEDRL- 1- bit K11. 5MB/ s14MB/ s ss

bi - streanB0Mp/ s!.120Mo/ s | evel hal ftone32-bit1-13NB/ s- K3. 3Mp/ s°
conposi t 1- b:v!tol 405 %e%g'lfﬁ%?gﬁ W%e@mm%w%%@%gﬁwé £ APUORH ?%WK

1- - 57MB/ s-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.
10 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

15  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

20  to/from main memory of 174MB/s is well wifhin the capabilities of current technologies = -

such as Rambus.



CW120Mo/ s- 87MB/ s87MB/s 174MB/ s 800 dpi = 1600 dpi (2 x 2 expansion) b

hal ft one conbines with conposite, so there is no external data flow between
t hem C 26WopRio18314600 dpi (6 x 6 expansi on) d Needs a w naowAxfo2@debi nes,
but only advances 1 |ine Each stage cwnmuni cates with the next via a shared
FIFOin main nmenory. Each FIFOis organised into lines, and the m nimum
size (in lines) of each FIFOis designed to accommobdate the output w ndow
(in lines) of the producer and the input wi ndow (in |lines) WO 03/018316
PCT/ AU02/ 01060 47 of the consuner. The inter-stage main menory buffers are

1INB red TRIpE o bage A an A o B Rl o 15070 00t he o avai]l 2bl €).
TABLE 15 Fpgmessxpdimhon hm;dnpn nt ilowgpwei putpeor y tupaerse |output rate
buf f er or ggni sati onfnunber puffer ang |ine|sizeof |inessize cpnpressed |page
buf f erbyt g stream|6VB 14B(IBHY or f wo pac%%‘}i"c‘?ontore CMYK bffli\er 32- bi|t
but  er 1-bilt KX 4 22KB 1480800 i TEB ¥ 1 = 1. 9KB) bi-1 Vel BNk
buf f er 4- bit cpitamar| odd/ eyen24 + 1|=stf6iiB 14QCIWK25F {1600 dpi3.xvBls xz =6. 3KB)
6. 3MB 5 The—overahl—datarttow—n¢ludi-ng—FECs i gl lustrated Ln Figure
18. receive - - EDRLY 1 - 1.5MB/s

bi-level stream - 30Mp/s

decompre| JPEG | - 32-bit | 8 1.5MB/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 | 24,11 - - STMB/s | -

CMYK| - | 120Mp/s | -
87MB/s 87MB/s
174MB/s
800 dp1 = 1600 dpi (2 x 2 expansion)

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

them |

¢ 267 ppi = 1600 dpi (6 x 6 expansion)

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

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 designed to

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



Cont one page deconpression is carried out by the JPEG decoder 143. Bi-level
page deconpression is carried out by the EDRL expander 140. Hal ftoni ng and
conposi tiwg w®1Bde carri ed out by the hal ftoner/conpositor PamiAU241060 These
functional units are described in thet7 follow ng sections. 7.2.1 DVA
Approach Each functional unit contains one or nore on-chip input and/or
output FIFGs. Each 15 FIFOis allocated a separate channel in the

mul ti-channel DVA controller 144. The DVMA controller 144 handl es

si ngl e-address rather than doubl e-address transfers, and so provides a
Separate r t 35En k03316
PC?/AUOZ/d?ggga&%gﬁég?W£?ﬂ%ﬁ??%ﬁgﬁhun|t&g ﬁﬁ%ggﬁgée F“9%§hgﬁgver an i nput
FI FO i s exégguegaedubfer spuce osagpof 6BNHDle|asesf].VMBdf.reeTﬂoepmgmxes&terandls&amhogr ans
each DVA transfe (g) thg % g l | ler 144 generates the address for each
word of t hECIPRHOHER! 16 SMERYALRDIEY om t he functional unit 5 connected to the
channel . The functional unit latches the word onto or off the data bus 145
when its request is acknow edged by the DMA controller 144. The DVA
control |l er|] TABLE dSePangpan:ﬁen pmb(peimmg mga mhaoryclhﬁfd;rsansf er is conplete,
t hus al | owrng UTC—ﬂGC%sor 439 Fam-anether ansfer—en—the{sane
channel i\rlrra timeP ﬁf ashionl In gé’H’éF g‘f‘Hb proces’é‘b‘?‘bil?,‘) W Itﬂ“f%Fogram
anot her trjansfer on a channF as sHRNiRSsizel0 t hg CcgfigaPondi ng;,gai n|menory
FIFOis available (i.e. non-enpty for a read, nan-full for a wite). The
gr anul ari tly compreksdpete bdferi ci ng | bpﬂeememned | ni{the BVA ¢ontr@ViBer 144

depends sgnewhat op he Iatency maj n ne 15 7. 2. 2|EDRL Expandger The
EDRL exparder unit ﬁEU) 140, Of F P e 1C, deconptesses an EDRL-
conpressed bi-I|evel imge. The |nput to the EEU|is an EDRL bitstream 150.
The outputl fraomthe FFU is set of bi-level image |lines 151, scal ed

hori zont al|l yohtooerGMEKrbafef ut i38rbiointericavedy@diYded Bix2evél . 284KBage by an
i nt eger sgal e factPJ to 1600 (gg%%ioﬁge %Egré%)the EEU proceeds until it

detects arn end-of - page code

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.



bitstream or until it is explicitly stopped via its control register. The
EEU relies on an explicit page wdth to decode the bitstream This nust be
witten twotldeigsage W dth register 152 prior to starting traog/ABElo1@b The
scaling of the expanded bi-level inags relies on an explicit scale factor.
This nust be witten to the scale factor register 153 prior to starting
the EEU. WO 03/018316 PCT/ AU02 /01060 49 ABLE 16 EDRL expander control and
configuration registers registerw dthdescription startlStart the EEU.
stoplStop the EEU. page w dt hl3Page wi dth used during decoding to detect

end-of - 1ine. segéh%ﬁaﬁ;ngmﬁc&él% rAehAl \}v'l?e%g%éigﬁ'rﬁﬁléectlis g&[ﬁs@&%ﬁded

i mge. The EDRL conpression forna escri on
r epr esent soutplti EIF@vefilled.nage in terms of its edges. Each edge in each line

is coded rel ati to an edge in the ous |in or relativetothe
previ ous edge iﬁﬁ‘i WQC%S&%%%PH%WN&C%FE&I?@ %ﬂﬁ?r Moveantollgntdd edge i s
ul ti mat el yoier@siaRe AdirkdsFotash AREEf thO Fahidte owr@qae%oxﬁfm@mna meurﬁgﬁe line.

This distance, or runlength, is then decoded to the string ol ‘one bits or
zero biks Wﬂnéﬁed Foeqbﬁ éb@rﬁ?l ff he fungtiprsd poi dhtehgs prwordfontcher affréng elata'bhle 145

deconpr essj 0 n e

consi sts #VRQH b %g re%f‘n%c ré((% ‘Z%edqiﬁhe @%8‘?‘? %Eﬂ?ﬁj@@ﬁ‘é@@go %{Iléul ati on
| ogi ¢ 156, interuptsuht pRGERAEBOLREShd Brénsiitds &éﬁple@nﬁl’lugalﬂ&ﬂmg@Igat;t}oéés?c)rQQQOder
159. The bitstream decoder 154 decodes an entropy-coded codeword fromthe

bi t st r eam toa"r‘i%igrﬁ@saé@@ef Efa‘isé‘?rtoﬁéh%%ameéhﬁﬁmﬁilm@tlm fasm@ st at e machi ne 155

all ows the deco vance emord

cr eat el(edgthe conlapondheg stam memaﬁ}thliﬁé it 55a11asas(1 é hmbmt;ﬁy fcﬁ&rﬁsad;i ﬂ@@(ﬁﬂr for@
extract the .C! rresponding runlength fromthe bitstream The state machine
control s tWE® dge cal culation logic and runl ength decodi ng/ encodi ng as

defined in Tabl ghd&andi E&etﬁ/%@'gﬁarﬁéi &Nléﬁh;%gﬂe&%&? iir?thglm%ﬁ. c%hHBlzé’r 131“9

current egq? of fset in the previous rence urrent ing) lines

are maint @rpénldawﬂtemlat@féﬁéaiwy@@gmmegmt)er 160 and

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 stérted, the EEU proceeds until it detécts an end-of-pagé céde 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.
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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 .

15

20

25

codeword to the bitstreami decoder 154, which allowe the decoder 154 td adVance to the

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

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

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



elimnate the high-resolution runlength decoder. 25 WO 03/018316

PCT/ AU02/ 01060 51 7.2.2.1 EDRL Stream Decoder The EDRL stream decoder 154,
il lustratwd wnigigure 20, decodes entropy-coded EDRL codewarsdsnziomed he
input bitstream It uses a two-byte ijoput buffer 167 viewed through a
16-bit barrel shifter 168 whose left (nost 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 nmachine 155 with the corresponding code. ABLE

17 EDRL st ?e%“ﬂc‘é%ggt SR s‘l’i 98"/&‘ ﬁﬁ%'n%ﬁ\dgﬁfgg%}g‘?éj%}")ﬁ%r %dgx%ﬂﬁe rﬁrﬂ%ﬁ&ﬁt put

code bit patterns patt X XXXX XXXX 000 0000
a Ix xxxxémb&n&ﬁﬂ@d&ﬁﬂﬁtmﬂ&ﬁxmxxxﬂgdI edgeO0 0010 0000 001 1 xxxxcreate

near edgeO 0001€ 00 0 A+200000 10 0 0001 I x, x xA-20 0000 0100 0000
| xxxcreate far ?fg‘éU“?) §d Sﬁ)‘i%“’é‘ﬁm legic 130 gacariey 2 Bale s EerFerngngen 0001 x =

don't careedh@ il g,ggeattstﬂmﬁmengh%@éode& DR tﬁ’éjltuﬂ\'gngtht&%oéle‘?'a%&eg) fhetri@jrcode.

This is added 17 nodul o- 8 the current codeword bit offset to yield

t he nexx cg&i@mscﬁ doalt sigrafl seethe stEbeembgettine. Sfrfcs dte nunlengrhrdeccmer 157 & stdveer iizamr el
shifter f the codewar of f set wraps en th car t controls
The | at i 05 eOFe (AR RBRIOH oS gt ik PHELE derpedTineat THE crranded fige byt o2
i's | atchegtchimubydsan 4 lind BAfféMRS2RhiPcRbgRUS hbl%l a|n@t @0@@1# Bnd2)g06 betes)! t t akes
two cycles of length 8 to 15 fill "the input is is handl'ed by

starting st at esThapereusy axpanded hihis aj_sgfpuffered 163 It acts as a reference for the

decoding of the current line. The previous line is re-encoded as runlengths on demand. This
10 s 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



7.2.2.2 EDRL Expander State Machine WO 03/018316 PCT/ AU0O2/ 01060 52 The
EDRL expander state machi ne 155 controls the edge cal cul ation and runl ength
expansi onwlbagioessier response to codes supplied by the EDRLpstrAanodscoder
154. It supplies the EDRL stream decader with the length of the current
codeword and supplies the edge <calculation logic with the delta val ue
associated with the current delta code. The state 5 nmachine al so responds
to start and stop control signals fromthe control register, and the
end-of-1ine (EOQL) signal fromthe edge calculation |logic. The state machine
al so contr it he ki e f h of the runlength associated wth a
create edg"g&gode E\%hfﬁ}r%%@‘s‘%émﬁféfcn AU02/ 01060 53 ABLE 18 EDRL expander
state machi ne iTHEDRDYiredn demtest 2 ﬂnxevrﬁtwtraﬁlgcmdmdeédoa@scdniuopy‘»coded

si gnal codel en_start - stopgedstartl ng8-- -starti ngl dl e

st op- - st opfféRbcPeerdRIN e HPHERISIEAR- s trerhy. %@Eutﬂ@lfﬁe@éé? viRped Hueey ;
reset RL dg £ 496 (A i dle £ = ref. RL;
ref. edge +£6)?§P§Fr%l_s ff%glgfvevp%i%e%&gg sggggcm-]ggd e edg§ls ? g&;a% edge +=
RL; RL 5SRL abdewdelrboundary 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



RL encoder ref. RL; ref. edge += ref. RL +lidleidle2+1 A-lidleidle3-1
A+2i dl ei dl e4+2 A-2idleidle5-2 killidleidl e6-RL encoder = edgeref. RL; ref.
edge += rwbD.03Bis3a6 eat ei dl ecreate RL | 07-reset create RL neaT/A@dneco
createidl ecreate RL hi8-- far6 edge BEQPi dl est opped8-- --create RL hi
6create RL | 06-latch create RL hi 6 7 -create RL | o 7create edge7-1atch
create RL o 7 -create edgeidl e0-RL = create RL; edge += RL; 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 zer ] ~ i ut put
stream The f|rghgﬁéﬁkgkﬁﬂggﬁ?ﬁ%ﬁﬁgggéggaggtﬁgéﬁggg%?%lLﬁﬁg%qndgwhgﬁégh run
i S assumnmedexpandien kmgxctlheespprmsb tedes sappliet blyahd EERprseémels&mer 134. 1t Jupplidsr St

run is actﬂall bl ack (col or then it nust becgreceded %ﬁa zero-1length
white run.t LTS ReRod e laafholtheeuerest cadsw opdimdespplicsi thy edge

calculation logic with the delta value associated with the current delta code. The state
5  machine also responds to start and stop control signals from the control register, and the
end-of-line (EOL) signal from the edge calculation logic.
The state machine also controls the multi-cycle fetch of the runlength associated

with a create edge code.



internally. The runlength decoder appends a maxi numof 8 bits to the out put

stream every
and so ruwe mbssie t han the first
byt e-al i gned. The run decoder
t he nunber of bits available in the byte currently being built.

initialised to 8 at the begi nning of decoding,

cl ock.

mai nt ai 13s,

Runl engths are typically not an integer

multiple o

10 in an inmage are typi @aiTIAUNO1060
in the byte space register

This is

f 8,

180,

and on the output of every

byte. The decoder starts outputting a run of bits as soon as the next run
line |atches a non- zero vaI ue into the runlength register 181. The decoder
effectivel H regrster goes tU zZero. A number
of bits ofry‘%ﬁgﬁciusﬁrfaﬂ?ﬂ gaﬁgéljes?{g%‘ﬂ?a[ FI ntg t he ogt put byte register [182
each cl ock. inpwe Lﬂf;fue%uﬁehogtates fi@itRiAaé |ecbden| ideRal- bi t cohaionsegi st er
183. The nunber of bits actuallly output {is lipited |pby the nunber of bits
left in theSlgl!ﬁiI ¢584%| and by thte nunber | d¢Nspare bits left in the output
byte. The IIL&&I UJIH_ bits t% |bstg lﬁél cblgu EU_III tfre— 26— umtengttr—and| t he
byt e space- .en the—t-unt eRGER—gloes: zer-o—+t++has
decoded, 4 ‘gld? the 8||n ey s sitill bhe in the outplit
byte regigtefoP perrdi hg output. MheePRerle |byPe spate |goesescd Reedesodase ouf put
byte is full andlis appended to | the output stteam [The 162 ¥IH&srrel
shifter 184EQlhe|out pyit byte regj sE&L 182 afd {he- col or eegRitercodd3 2p
t oget her ilnplenment an|{8-bit shift registdr whi¢h can be radet RLedcaders i pl B
bit positijons every ¢lock, withl the coldr as the serial {RQuef eddre
external reset line i$ used to reset the|runlepgth decoder @Hehpe start|of
a line. Theextgrmal [Mexgoygm (e $ uged to reque [nlg gﬁco%}:g OT
new runlength. It is |acconpanied by a rynlength on It‘ ngth
| i nes. The next fqun line should pot be 3Q set ¢n the r‘g& cf 6 E
reset |i nEL_Becamse_xme_rTLm_LmreLLs_Lhe_x;uLLe ht collo he
color setg it-to|oR8, |not idero. [Theidterlnall flush If nELI‘SedngefFft‘%fl$|+US"l
the last Qhyte of |WD 03/018316 POT/ AUO2 /({1060 |55 thie run, ideliahconpl et g.
It can be|used on a line-by-linel basis tq yield bytetaligrdg +¥Réds, or |on
an image bhasis to yielld a byte-aligned image. The exfter mdl =rkbdycdderie
i ndi cat es |whet herq the|runl ength decoder i|s reafly to [decodgp ahcdaeplength| It
can be used to sfall the external |ogic. ref. RL:
ref. edge +=ref. RL
- A+l idle idle 2 +1 “
- -1 idle idle 3 -1 ¢
- A+2 idle idle 4 +2 “
- A-2 idle idle S -2
- kill idle idle 6 - RL encoder =
edge ' 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 RL lo| 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



5 7.2.2.4 Runl ength Encoder The runl ength encoder 159, shown in Figure 22,
detects a run of zero or one bits in the input stream The first runin a
line is aweounwdssie be white (color 0). Each run is assunedTiau@iah t he
opposite color to its predecessor. |fs4sthe first run is actually bl ack
(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 maxi mumof 8 bits fromthe
i nput streamevery clock. It uses a two-byte input buffer 190 vi ewed

t hrough a ;ngs H@Lrh&l&}ﬁ*ﬂec{ﬁ 191 whose left (nmost significant) edge is
e

al ways al i gne p05|t|on in the bitstream The 15 encoder 192

connected to thEhdamielgthsdecbdee SeNERABEWANN Bighie 2 I(, pApadndah rurdleHptiehgs h
according to Table 19. The encoder 192 uses the current color to recognise
runs of t hEIHERSERDEERDiLs 05 Pes bits oftfbe garfssponding lengihin et ey Thedirg- bi t

runl ength ngq{ne 1§a detott% \Lllﬁ 8’098) 'E%chF §s héd hl% e Bptgbﬁ 651té93
t

When t he 8 runl engt h encoder cognlses the en e curr run it
gener at’®es emoemdesquedeuesssn ffinbd fivsin ru:rhs lastuhlig ldh@d(cbgortlhehe*readmstrtmgjrs&eeled 194.

The 20 ou t he read IS 94 indicate at the encoder has
conpl et ed é\ﬁﬁé‘fﬂ)r{@"&thg hitg ﬂ%r (&:ﬁg r‘f’h éﬁcﬁderg@ %toé & ERECY QM| engt h

regi ster 1Q%mdile output of the ready register 194 is also used to stall
the 8-bit runlength encoder 192. When stalled the 8-bit runlength encoder
192 outputs a z@h@mn@mgthrﬂepmerappb@s 2 enagirewrd -ob B-hitg to Hiegutiut stefaheeteryel y
stalling t un en encoder 8-bi t

Canl e oo on et Runk et B M RS S Eise S 0B 5b Bt Do O bE 0B e Ty
00000 (0 | XitEeh RO HeAFH3AE REFHAUBZALL TR0 rurbfecO@GMaihess b (ROBAL s e X3 1

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. Behause next run inverts the current colér, the reset

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



000 x xxxx21 04 xx xxxx11 Ol xxx xxxx01 11111 111180 11111 111071 11111

| 1 ox61 111111 Oxx51 111110xxx41 11110 xxxx31 11l Ox xxxx21 1l Oxx xxxx11 1Oxxx
xxxx01 Theoastopsstic of the 8-bit runlength encoder 192 is | iptmiAad2yosbhe
remai ni ng page wdth. The actual 8-bdst runlength is subtracted fromthe
remai ni ng page width, and is added 195 to the nodul 0o-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
aline. It resets the current color and | atches the page width into the

page wi dt 5?(9\' ?fth%om -EFteng%]ﬂaB@@geg oﬂ%)ﬁfnt rb% rle' B]a@ls'tﬁélléﬁﬁgn% glnét’nggll'i gst ,ofaggéher

runl ength rom enco Pnverts t
resets t heoramineggbhsis egyidti arbyandlignedilyageegi st er . The external flush line
is 10 used to flush the last_byte of the run, if grrplete It can be used

on a |ine-Dby-IiHe exanad regdy lmedeegeewb%h%ﬂthﬁﬁe&w odeg s AdYIe deprtdye
basis to p{ug%ﬁ% ﬁcgﬂ’@ g%ldltggl%q thd B@Enal 16§ ext ernal ready line indicates

that the run enco Is ready to encode a runlength, and that the
currents runl ength i's avai I able on the runlength lines. It can be used to
stall the @é%naiﬁul %glg 15 2 3 JPEG Decoder WD 03/018316 PCT/ AU02/ 01060
57 The JPEG™ge n h Engoderi n Fi gure 23, deconpresses a JPEG conpressed

CWK contone | MAGSunlength encoder 159, shown in Figure 22, detects a run of zero or one bits in
the input stream. The first run in a line is assumed to be white (color 0). Each run is
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 feedy
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

10

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

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

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

to stall the external logic.

15

7.2.3 JPEG Decoder



the target page width without requiring any special end-of-line |ogic at
the input FIFO level. The rel ationshi ps between the page wdth 171, the
bl ack 172werid/ocssné one 173 page w dths, and the margi ns areTiAtoasiceat ed in
Figure 25. 5 The HCU scal es contone d"dta to printer resolution both
horizontally and vertically based on a specified scale factor. This scale
factor nust be witten to the contone scale factor register prior to
starting the HCU  ABLE 20 Hal ftoner/conpositor control and configuration
regi sters registerw dt hdescription startlStart the HCU stoplStop the HCU.
age w dt hl4age %gfﬁ@ﬁe&ﬁbpfﬁdsmn Fl rgggsdeca-ﬁkﬁesée% tJPEG”&b%‘?%ss?J dots
whi ch have to be generated for each eft mafgin Z?03|t| on o ef t
mar gi n, i nCYBYK contoghimager gi n140si t i on of right margin, in dots. age

| engt h15age | en h. of p | page, in .. This s the urrb l i nes
whi gh havg to bg*t’%lé‘ﬁé?‘attﬁf‘dh%efg Q@%@ﬁn dgﬁ&fh ISHRABagle HRIL AP §é‘91§\ﬁ3dth of
bl ack | ayefgcotiér il @kt of U5Mend @Mj?K@ﬁlﬁgélhrﬁ:send of a lack line. ontone page

l4age wi dth of contone layer, in dots. Used to detect the end of w dtha
contonéd | i ne. oM\fh@n@e&wreSSirmctmrJPE%ttCOdﬁrs‘aab&at&:@nplanethstefban pH8%3 pikelel

e pri nt ngiE et @meline Wy FRRALERI Riauh Pl Bn Bl Pl besie ' °

i mge dat aclbﬁélpb@lip@éd Wwidh fRtcodéc. Thiswddld tagire @l69KB HIfRAeF e HRRA0 atedl -
Further, it also regw res that even and odd pixels are separated. The

out put st ByalldpixehEIHQs itk ehassdhus agesss agl Hapragspendipg RMA phangsls, asrsbowach
for even cyaf %g cyan, even nmagenta, odd magenta, even yellow, odd

yel | ow, even glllac and odd bl ack. 15 The input contone CMWK FIFOis a full
8KB | ik buffer. The line is used contone

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



scale factor tinmes to effect vertical up-scaling via line replication. FIFO
wite address WO 03/018316 PCT/ AU02/ 01060 59 wapping is disabled until

t he startwofo3tinsié ast use of the line. An alternative is traTrAdadoidse |ine
frommain nmenory contone scal e factorssti nes, increasing nmenory traffic by
65MB/ s, but avoiding the need for the on-chip 8KB line buffer. 5 7.2.4.1
Mul ti-Threshold Dither A general 256-1ayer dither volune provides great
flexibility in. dither cell design, by decoupling different intensity

| evel s. General dither volunmes can be large - a 64x64x256 dither vol une,
for exanpl ' . - ' LGl ess

si nce ggcﬁ%%?%ﬁ%%ﬁp%\gﬁp &%ggﬁ:l?%%wsg%rlglt?{d:(f/qn@g%élggﬂdtiﬂ? §n truglrit it from
t he vol unelevdln practice, 10 there is no need to fully decoupl e each |ayer

of the dither vglune. Each dot co]lumm of th ol n be inpl nted as
a fixed set of 15 QN ILPS, bef Hesp t{‘en%ge%é&‘s@da%ﬁtbga%gilgg?“&‘i’“ﬁ eﬁﬁ? € 8- bi t
threshol dsyidal afKREPhRein QMY GARRHTE Fighte B3 ts. Now, n threshol ds define

n+l intensity intervalS, within which the corresponding dither cell
| ocati dn is al t Brend€¥l sgalaptoniente date togeinter Tésolutiontbothehqpizretally andeerbiedliyg

dith d i I | fth j nt | s,. d 15 this d i
the vai ue Dok FnY sSRIBElEHE R, 1D et lom waletfi BB Rehe cordiee il e no
a tripl e-tfarRs RephdHerGAd fxstxBnpiHe KEBKB) dither volune. The three

t hreshol ds form a conveni ent 24-bit val ue which can be retrieved from the
dither cell ROMin one cycle. If dither cell registration is desired

bet ween cal tames then the sanetnrphetinreshotdvalue can—be
retrieved %ﬁgé‘ﬁazr?d- I&glétgnefr{)comp;?i Aler Cgrété‘?ll %8%8?f %at%:oélnrp%l\réltgﬁst. | f dither [cell
registrati@pistes not dewidied, ddsbepidnne dither cell can be split into four
sub-cel |l s land_staored iln four separ at ply addressable ROME fromwhich faour
different gttt ple thrakhol d MaftiesHERh be retrieved in parallel in one
cycI e. Usit the—addrgsst 119) chene Frown— gure—26; the—fotur——cotot
pl anes shat @t he sane [Hi t herSQRITC B erti cal and/or  horizontal of fsets of
32 dots f ripipeaagl OTara 25 R WATH ar fateasyagh n @bIeis 2O1Re hifmBarafols”
Fi gure 26. e triple-threshold unit 204 converts a triple-threshold yal ue
and an intlensity val ug into [ahichhpes tpdie generateldpcicialione or  zero bit.| The

tripl e-t hriesholtding—rules—ary ;hvw}—n—fﬁ—'Fabl—e—Z%—'Fhe—cﬁfhes-poﬁeh—ng—l—ﬁg}irc
208 is sHOWTTR Y gurld 27. [RETETHY P EM g8 @26 in nore detail, fou
separate tyipilhgarkiar eshol d unpgsdd 6l it @frgin, in dots.

page length 15 Page length of printed 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



30 generally at 204 each receive a series of contone col or' pixel values for
respective color conponents of the CWK signal. The dither volunme is split
into fourwodimhessisubcells A, B, C and D, indicated gener @&cnaw@b/oaBs. A
dither cell address generator 206 and9f our gates WO 03/018316 PCT/ AUO
/01060 60 indicated generally at 207, control the retrieval of the four
different triple threshold values which can be retrieved in parallel in
one cycle for the different colors. ABLE 21 Triple threshol ding rules
intervaloutput S Ti , <V<T2 1 z<V<T3 3<V1 5 7.2.4.2 Conposite The

conposi t e WRldhirgl? aRANBRThG e SaRbARE lés@xﬁroqu? h&h@{ n feRALLE NG WL | aver

dot. If the 'ayer opacity is one f1oned

zero. G vehnafrdmbnain hainidre nerntorandcole fEZMIYCKS immehsmg Indmary lotaéiidkby @@MB/s,
opacity Kb, the . conposit nd cli ic is as defined in Table 22. 10
TABLE 22 Bhsseiding e geed fgbﬁtﬁr"“c‘}‘?&ﬁ?ﬁljégg'aﬁérl%?ron CCCA -Kb MVBA -, Kb YY, A

-, Kb KKcvKb 7.2.4.3 O ock Enabl e Generator The cl ock enabl e generator 206
generates enable signals for clocking the contone 15 CMYK pixel input, the
bl ack dot 73pkit, andMuit- 'mneﬂudd)l)ithurput As described earlier, the contone

B A A R R
Wrappi ng i aec@ugmtg @eferent intenkfiplestiardenefal titkerfvioNdhescap bt GAEL 0 85840058 he
'Ine, at \Agltffer 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



WO 03/018316 PCT/ AU02/ 01060 61 time the clock enabl e generator generates a
contone |ine advance enabl e signal which enables wapping. The cl ock

enabl e gewermtms3i@al so generates an even signal which is ueed/Awselcect t he
even or odd set of output dot FIFQGs, @nd a margin signal which is used to
generate white 5 dots when the current dot position is in the left or right
mar gi n of the page. The clock enabl e generator uses a set of counters. The
internal logic of the counters is defined in Table 23. The logic of the

cl ock enable signals is defined in Table 24. ABLE 23 C ock enabl e generator

W dt hipa v IR Ri207 AR ERE of Bl BB e fOIViRES S
mar gi nLML4bfch canbgiraifived ifEhrallérOpndcyldkfor kighdifRMEAr dogdit. mar gi nRP v

ECL(RMWO "clk margin even/ oddE1ORP v EQOLcl k dot bl ack dot BD14bl ack w dt hRP
v EOL(LM=O A (BD>0) A clk contoneCDl4contone wi dthRP v EOL(LM=O) A(CD>0) A

o 00t TSRO SRAMEERIL, =0 VI ST o
sub- | i nef ajottavala RP (reset page) cdadpiti on: external signal b ECQL
(end- of - | i pe}—condition— (D=0 A (BD=O A (CD=0 10 WD 03/018316
PCT/ AU02/ O¥Os B! 0
1< VLT, 1
T, <V <T; 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



62 ABLE 24 Cl ock enabl e generator output signal |ogic utput signalcondition
out put dot clock enable(D>0O A -, EOPa bl ack dot clock enabl e(LM-O A (BD>0)
A - EOP cowoanpigsixel clock enabl e(LM=O A (CD>0O A ( CSP=OpcAavAaUE@R6eONt ONne
| i ne advance (CSL=0) A -, EOP enabl e emenE=0O margi n(LM=O v (RMEO a ECP
(end-of -page) condition: L = 0 7.3 Printhead Interface The printhead
interface (P H) 142 is the neans by which the processor |loads the 5

Menj et 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 tﬂ%mIe Pﬁetcg&%lieéltdglr ég?&?téggl"?éd &f oArAn el%%d‘éc%n%?{%@%glg@a “%g{ Mem et

i nterface dable} wa2dhingvhi  ch transfers data to the Menjet printhead 63, and
10 control s the no zIe f uences during a print. The units within
the PH are confhif] f@ﬂnge ﬁlseﬁeffeé%gtrfsserbffvgntswael Whigh Isgisedioaisistthpy t he

processor d38.orbAd %%Thh@ﬂt dét'iﬁ?F(l% %ﬁ@%{?[r ‘n% %n%ﬁ@%ﬁ '1§3us%dft<ﬁéen%?atté Whide UP
the appropriate paraneters in the con f 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.isdefndd ini MiBI-DAYRE IdpRS HfBthe &ieuz erldb® di g lk@aﬁﬁédmrammumt (LLFUY)
209 | oads the dots for a given.prin.t line into 20 |ocal buffer storage and

formats theminto the order required for the Menjet printhead. It is

03/018316 gﬂLﬁg f 8Fo%ﬁ%nagl?é generator counter logic
counter abbr. |w. 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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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.

controls the nozzle firing sequences during a print.

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

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

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 Unit

The line loader/format 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 puﬂes@ng afithwrisio ptacesses swapobuffeanIhefirdt befién 2istis 3@whead andlthkesecond he

Transfer ster after ?’? ﬂen to stal s . at er,
wai ting f ol? %eﬁés 1&65}" Wﬂjc%élef’vts)l rgetog ta TS jgiepeake %‘Fﬂ”@gé‘r‘td BPINHEce t he
first pAdvaneeeshUsean 8E géevlem thetddBedglalolviswnstirmant zed to t he Ml . However,
the 30 MJI nust be started at |east 16 c%/jcl es after the LLFU so that the
initial TransfefFhaagtypinglementation 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)



valid and the next 32-bit value is ready to be | oaded into the Transfer

regi ster. The read process is shown in the foll ow ng pseudocode: WO

03/ 018316wb@B/H#4302/ 01060 65 Dot Count = 0 For Dot | nSegmentrOTA 20006400
CurrAdr = Dotl nSegnentO Do 5 VI = (Q4rrAdr=0 OR (CurrAdr=3200) V2 = Low 3
bits of DotCount = 0O TransferWiteEnable = VI OR ADVANCE Stall = V2 AND
(NOT TransferWiteEnable) If (NOT Stall) 10 Shift Regi ster=Fetch 4-bits
from CurrReadBuf fer: CurrAdr CurrAdr = CurrAdr + 400 Dot Count = (Dot Count +
1) MOD 32 (odd&even, printheads 1&2, segnents 0-7) Endlf Until

(Dot Count 34BN St ne LoERAFRn e 8% .67 RgS, G g0, Lhe

Cul i ReadBuffer value nust be toggl processor. 2 Witing
The wite rppl@m@elcxidaio&&fostheaspgintformrd 4 DMA request Ilnes are out put

to the DMNA control].er.. r uests.ares sfied. b ere
Acknow edge | i 2@%‘”‘ dlldFFésméafﬁpg j ACBIRLIR FYC dh%‘t‘? ﬁ&f‘ie\éﬁygaoar% ?’% bé,‘el ect ed
(the | oweracgesRich$ b®malidlf B4 QitbtPUSitherdMRTHORER 4400 Writt & Sne/diliies) and

t he acknowl edge signal is passed to the correct buffer's 25 WiteEnable
cont r ol5 | i Gely Onh &it@f theciR bircadir@niekehr colgr tmifer énteReted Blol fagotpl of Bhaut@utbi t

per coror Uine B oteJu BBb B P L BT U Y A o PR R RRar e °°°

addr ess i il BRI BthitsTTAddres betifl ises RPN I2 Bitansll Sl RITBEdERTH66Nt er
is decremented. The DVA request line is only set ‘when t he number of

transfers rBitdiomn hgse 4 Sen@atalléel%PUffgrSﬁb@fcﬂyﬁ lpgic, 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:



30 The follow ng pseudocode illustrates the Wite process: CurrentAdr[0- 3]
= 0 WD 03/018316 PCT/ AU02/ 01060 66 While (TransfersRemaining[0-31 are all
non- zer o)wolDMBRBgeest [ 0- 3] = TransfersRemai ning [0-3] ! = @CTIAU02/01060
DMAAKNnow edge[N] CurrWiteBuffer: Curreant Adr[N] = Fetch 32-bits from data
bus 5 CurrentAdr[N] = CurrentAdr[N] + 1 TransfersRenai ning[N =
TransfersRenmaining[N - 1 (floor 0) Endlf EndWiile 10 7.3.1.3 Registers
The followi ng registers are contained in the LLFU. ABLE 25 Li ne Load/ For nat
Unit Registers egister NaneDescription urrent ReadBufferhe current buffer
bei ng ready fromT Vi Buf ferO s being cad from Buffe s wittem to and
vice versa *"SROUId" be toggl ed with each AdvanceLi ne pul se fromthe Jl.
Coits 0 armbrDotiaBégridntd B® 880t i ng of the read and wite processes
respectively. non-zero wite to the appropriate bit starts the process.
Stopits 0 anfurAdprtRasinSegraeni® oppi ng of the read and wite rocesses
respectivel yp A non-zero wite to the appropriate bit stops the process.
ransf er sRemal ni ngChe nunber of 32-bit transfers renmaining to be read into
t he Cyan buf f erVl ari€ieAdROyORMCuyMdr=B20er of 32-bit transfers remaining

to be read intqg the Magent uffer ransfersRemai ni ngYhe nunber of 32-bit
transfers renaiWﬁg‘of”o?B‘éS&égﬁcpwﬂto: he

TransferWriteEnable = 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



Yel | ow buffer ransfersRenai ni ngkhe nunber of 32-bit transfers remaining to
be read into the lack buffer 7.3.2 Menjet Interface 15 The Menjet interface
(M) 2l1iworoansdses s data to the Menjet printhead 63, and Pcamuoelosied he
nozzle firing sequences during a prims. The MIl 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 functionality of the WD

03/ 018316 PCT/ AU02/ 01060 67 Preheat Cycle and C eaning Cycle as descri bed
in Section 6.1.4 and Section 6.1.5. Both high-speed and | ow speed printing

nodes are ' - B I | | or are also kept by the M.
The M Io\gﬁgé h’gr?gsq?rﬁ%ﬁ]?lﬁgl%ﬁ ?L%rgggﬁgﬁ?%@a choice of 2 data sources: 5
Al'l Is. Thi sDtARsquckd®-3hEITractfatRsnaihink[0E3]r'e 0duri ng a subsequent Print

cycle, and is _the standard mechanism for |oading the printhead for a
preheat or cHdAMYnOpdedeelN om the 32-bit input held in the Transfer

register of thQ:M&Hteﬁmeﬁdu%eﬁmrm]amﬁamzﬂﬁ@f}ﬁmqfataqsdsntl ng an image. The
32-bit value fromthe LLFU is directly sent to the printhead and a 1-bit
“Advanée' cont r@drgqnuhdgN] s GerntAd[Nhel LLFU. At the end of each line, a 10
1-bit "~ Advanceljne’ | se is sq available.. T t be started after
the LLFU has aﬁré%ﬁf?f%g?@ﬁ‘&%ﬁiﬁceh?’ﬁs&?rl{a@?-"ﬂp%ﬁlﬁr'ﬁb?gr value. This is so
the 32-bit dahari nput will be valid for the first transfer to the
printhead. The MJI is therefore directly connected to the LLFU and the

ext ernal NeEngWhile printhead. 15 7.3.2.1 Connections to Printhead The MJI 211
has t he foHewrrg—tconreetons—to—theprinthead—63—wth—the—sense—of—+nput
and output with respect to the MII. The names match the pin connections on

the poi ntNgas (see RpghitkRN 6. 2.1 for an explanation of the way the 8-inch

printhead is wired up). 20 WO 03/018316 PCT/ AU02/ 01060
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



68 ABLE 26 Menjet Interface Connections NanePinsl/0Description hromapod

Sel ect 3Sel ect which chromapod will fire (0-4) ozzl eSel ect Sel ect which

nozzl e freommhesspod will fire (0-9) odgroupEnabl eEnabl e t PreTpadgnoNsps t o
fire (choice of: 01, 10, 11) Enabl elia7i ng pul se for podgroup A Enableliring
pul se for podgroup B Datal n[ 0-7] 8Cyan output to cyan shift register of
segnents 0-7 atal n[0-7]8Magenta input to magenta shift register of segnents
0-7 Dataln[0-7]8Yellow input to yellow shift register of segnments 0-7

atal n[0-7] 8l ack input to black shift register of segnent 0-7 pul se on

SRAl ockl | |
Coat al n 0 71 NRRE s RO T YA AR TS P BN PR ER BEB

registers blfghiﬁpﬁm&ndﬂowwpmnlmg\nmdeserecananﬁiﬁt[a ek 2oyr@hio eRegiosdrardChlos k 2)
| oads t he SR%I ?Mgurrent val ues from Chataln[0-7], Mbataln[O0-7],
Dat al n[ 0- 7KeRERY In[0-7] into the 32 shift registers of 4-inch

printhead 2 Tr amié RIILRABAHARIntd IR EHea@FroHRd hoidedN2t ey shikdek: registers to
the rinthead' s internal Nozzl eEnable bits (one per nozzle). pul se.on :

SenseSeYyEnabl el ANNBe"Bhlmelﬂn&jfé@faalbmpls@ﬁ%@élgﬁS@rmgtd subsctqabmi[Brint eyrddlaed it he
LI M TR T T T R
segment n in 4- FioactheBRibit 1h?ﬁd1el?d m&ﬁé@ﬁﬂaﬂ’t@ﬂfé@fs&fr BF e IAIFE THRS @lW@Addage
sense WO Or%/egnlsBO?%]b%ngg éﬁb\ 1l1JnOazge %83632 bit value from the LLFU is directly sent to 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



69 senselResistivity sense senselWdth sense TOTAL52 7.3.2.2 Firing Pul se
Duration The duration of firing pulses on the AEnabl e and BEnabl e |ines
depend orwbohw/18B1&i scosity of the ink (which is dependant pam/At@epersat ur e

and ink characteristics) and the
pul se duration range is 1.3 to 1.8 Ts.
therefore contains a programmabl e pul se duration table 230,

print head.

The typica

anosnt of power available to the
The M
i ndexed by

feedback fromthe printhead. The table of pulse durations allows the use of

a | ower cost

power supply,

and

aids in maintaining nore accurate drop

ej ection. TK 12yl 256 entries, and 15 Tndexed oy
the current 9senzse lgl% @Eéfsensgoqﬁﬁﬂésa‘gst tings. The upper 4-bits of
address ¢ n&ron1VSeanumaEn)tmhshﬂpﬂbn4 bits of address cone from
Tsense. Egch-entry is B-hit idrepresents a fixed point value in the
range of cChﬂm§m0&ﬁ@eﬁﬁoce59<ﬁ %ﬂm@%@ﬁ$ﬁ§“mW@0AEﬁ56F@«hﬁh BEnable lines is
shown in e—ang{ 0y sense i nai-s—are
recei ved bNogggﬁﬁ%flve415 spnpl ¢ Sd%ﬁj héﬁdﬁé?Fﬁgl ﬁefgg“” gﬁ and thpn
converted [PeigddiPEnable WRr ds |00 T 6E{aBRithy odg@&gx% Fied @h@@éoﬁm #14.) bef of
bei ng appl|i to the pulse Huratlion tab The output of the pul
duration téﬁh@ﬂ230 is éppliéﬂ tdﬁan$9m§@ﬁMWde0geﬁerator 237 to generafe
the firin ses—The—256 VAR —tten oY the—€PY-before
printing R Eﬁ%ﬂ st pagf. Th taﬁ“gngﬁé %§§p83gﬁb%§ted in between pages| i f
desired. PhtaGiy[017f pujgse digy at lOfn&RtguY td ah RRfR lst%r ofRBRENED.7 User
brightnesyg settings (ffomthe page description) [ Scosi curve of ihk.
(from t he fgRagn)7] RsBnse [R5 [Msgmeeinput\le emgenta sﬁ‘litengletem ®8Mod8 BB
PCT/AUOZ/C%EPG 76 - . -
ataln[0-7] 8 O [Yellow input to yellow shift register of segments 0-7
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




7.3.2.3 Dot Counts The MII 211 nmmintains a count of the nunber of dots of
each color fired fromthe printhead in a dot count register 240. The dot
count forweashigsaéor is a 32-bit value, individually cleacadyubpi®osi gna
241, under processor control. At 32-bists | ength, each dot 5 count can hold
a maxi mum 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 knows the volune of ink in the cartridge for each of C, M Y,

and K fron . TGy the - 0 unmber—of —drops—etninates—t+tg need
for ink sengo%é, and pPeven& t%%xFﬁwﬁ%fgﬁhels from running dry. An
updat ed dnwgesseunt is ittien t ovidaesd@@e chi p after each page. A new pdge

will not 0 ess there is enough ink left, and allows the uder to
change t hel @BRL wit houp2getfti ng|a dud hal f-printed page which nust be
reprinted. The | ayout ‘ef—tHe—d counter for cyan is shown in Figure 34.
The remaining 3 dot 15 counters (MDot Count, YDot Count, and KDot Count for

nmagenta, yrsbow, andribing®ulse'BeR@iohi vel y) are identical in structure.
7.3.2.4 Registers The processor 139 comrunicates with the MJI 211 via a

regi ster set. THe dusaiontodfisingpolsas pothetHenaplecnd Sorbledingadensad enithee a pri nt
as wel I as,. ei ve, feedback . t .print progress... Jhe follow.ng,registers
e cont arsa e PR PR B e B o A RS P 0 el g iy e

I nterface dieging bEpsvdragaifiby toeapiieseddl Phé §pickY pulée RaieoiBhfieSs 1.3 to 1.8
Nunilr ansf er sThe nunber of transfers required to | oad the Printhead (usually

1600) . Thiks. Tse MY thetgtprercontaing fl egramplablsqulseSinaitioakatle AL indeged he t ot al
nb f i t ransf for.a
humber o dtgéj(;btlahﬁe ?rgﬁl Otﬁ% ¥thr}1]t¥‘lgz§dt t['ﬁe Eab?e &H’ﬁ‘g e difatid

Lyen bine.
Pri nt Spee oW or speeagﬁ%§¥%¢%#%@g lﬁgCQ%Sﬁe on

t he Podgr quomenabppey,lahdasls Ghumain@aihiig nivré Bicuratd\isbiciiegdme nunber of
Load/Print cycles to perform _ o
10 The Pulse Duration table has 256 entries, and is indexed by the current Vsense 231

0w

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



Monitoring the Print StatusThe Menjet Interface's Status Register

Li nesRemai ni The nunber of lines remaining to be printed. Only valid while
Go=1. ngSwarmiomggival ue i s Nunli nes. TransfersReniThe nunberrcafAtmansber s
remai ni ng before the Printhead is com®i dered ai ni ngl oaded for the current
line. Only valid while Go=1. SenseSegnent The 8-bit value to place on the
Cyan data |lines during a subsequent feedback SenseSegSel ect pulse. Only 1
of the 8 bits should be set, corresponding to one of the 8 segnents. See
SenseSegSel ect for how to determ ne which of the two 4-inch printheads to
sense. SetyA 4 Nozzphgstfum@n-zero, the 32-bit value witten to the printhead
during the Load- Dots process is all Is, so that all nozzles will be fired
during the subskhgidHt21PmiamtBos 8 cpnmsed . nuntties of dotesehchigplon firadfeorptheheat
and cl eaning cycles, If O, the -hit val ue itten to t rinthead cones
From t ho. IRTRGOA i S opRsegNER T, Ak g el Ruldh e Bt # Az BBy ar

i mages. AghdiQfasalReaedréd, Wylat foraP24 NiudddrBdcetRE coRFR! At 306itMhgth SdaOPEo@NY

| oadi ng or printing procésses, and |oads all registers with % )
SenseS&gSebur aan ihpkl a maxifiuen eagrage dot copnt ¢of Binl2-\ngh pages| ddoygh WeyPedldback
Valid bit of ctthe Status,reqist n ndi on the | oworder bit,
sends a pdﬁs%e’%hﬁ OhE® er\ivslltla n%ﬁ?éﬁéglregr gﬁggrp%zci@})g%'l ine if the Loadi ngDots
and Printi ngDotThesoftdimtdirt Ssealrts tAt brodessdif toapyatothd QR chipp8LGedbdcsioar e set,
t he Feedback bit is cleared and nothing nore is dgne. Once the various
sense | i nesd-hdye Yaaro peadidyvhep e ipk cydadegmanstu €6 ik fhe procsseniOvs\ense,

Rsense, aqgh}.{;qeegys@é Zﬁg\]}e?tglgﬁg%e @pgacm?.@, Ng?r,%ﬁﬁibﬁ{iﬁﬁ tﬁé b Ao‘fh&%o@é@ﬁ%ﬁnt Dot

regi ster is set. to this bit starts the Loa
cycl ed0 A ruaitet obdrophictiminetes tiemesd &rrénlpsenmdreind pacientsond mkwhageNUndmansf er s

32 bit transfers. As each. line is printed, LipnesRenaining decrenments, and
Transfers FQBWHP&ﬁWg Ainélpa%% SerRF ot ‘Fﬁ) W ARe A § ?gfgﬁeﬁ?acgﬁé‘g% {RqYg 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 a register set. The registers
20  allow the processor to parameterize a print as well as receive feedback about print progress.

The following registers are contained in the MJL:



regi ster contains print status information. Upon conpletion of Num Lines,
the | oading/printing process stops and the Go bit is cleared. During the

final priwDosywe$seg nothing is |oaded into the printhead. ARCc@rAuoe/oof00 to

this bit stops the print process, but7idoes not clear any other registers.
Cl earCountsA wite to this register clears the CDot Count, MDot Count,

YDot Count, and KDot Count registers if bits 0, 1, 2, or 3 respectively WO

03/ 018316 PCT/ AU02/ 01060 72 are set. Consequently a wite of 0 has no

ef fect. Feedback TsenseRead only feedback of Tsense fromthe | ast

SenseSegS¢f RRL. SEM&‘E:' n Rl Reglsters 'S cocgment . s onfy valid if ghe
FeedbackVagid e' t L Fatus Tegrster pe Sl VsenseRead—onty—feedback
of Vsense % m St Sb..occhScl eet—ptH-5€ Sﬁlt] te—segheRt—SensesSegnent .

s only vé rmji P@?amﬁﬁﬁis FeedbackValid bit of the Status register is set
RsenseRead YumJransteat|adhe nemberer swnsfemsmequinsd e lnad e Riamhepddhselly pul se sent
to segnent] SenseSegmgni600)sTlupisythg abinberiof pulses fos édifadk@atk Undsiand dlfe t he
Status regi ster is sqt totAhendeRefdil-ninHyta veledbmakansfer e enflmem t he Ijast
SenseSegSel PeAtSPEHdS € |S WHetHed tS HigitRN lovSeNtsE SIbese deterhfin@nhy valad olthef tjhe
FeedbackVval id bit of tb@dg'ig@émbrquﬂe%@ﬁng the Aht). CDot Count Read only 32-bit

count of Yy HI‘I‘]@B{C§ S nffhé UI{'XB&(RILOQ&/@S%.XC k\p& mgﬂg{d—(eaa onl y dd DIt ount
of nmagent a ﬁ)ﬁﬁpnmg‘fhph’gn e pl i ||L||cau it Read—onty—32=birt——cotmt of

f‘r\llnf RAan rl onlyv 292 hit ~~vint  Af

yel | OW dot j_nt || arl LA\ %A Y] A\YARE] T T C wCOUUTTU AY A bl aCk
dots sent fS\tanslp pui fmﬂ‘n Neppygt eraee@v B 4 Is a 16-bit regilster

with bit i|nkieegRemnaini|ohie Rembesaf dings rewpineg wliBIe e HnhUpdId T EISo7R | TABLE
28 MIl Statuwg Regi st gr Starting value is NumLines.

TransfersRem | The number of transfers remaining before the Printhead is considered
aining 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




NaneBi t sDescri ption Loadi nghotsllf set,

the MII is currently | oading

dot s,

with the nunber of dots remaining to be transferred in TransfersRenai ning.
| f cl ear,wblhs/oMBlici s not currently |oading dots PrintingDecaidto2eeisp t he
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dot s.
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is currently printing dots.
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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:



5 various external interfaces, and responds to user actions through the
user interface. It nust have low interrupt |atency, to provide efficient
DVMA managwoaaitoissneit ot herwi se does not need to be parti cwlcardy2/01060

hi gh- perf ormance DVA Controller. The BMA controll er supports single-address
transfers on 27 channels (see Table 29). It generates vectored interrupts
to the processor on transfer conpletion. 10 ABLE 29 DVA channel usage
functional unitinput channel soutput channels USB i nterface-1 EDRL
expander 11 JPEG decoder18 halftoner/conposrtor28 speaker |nterfacel

print head i NI [ Progranm ROV t he
TCP contral program ' %a&ed into main nenory durlng syst em Qoot .
15 7.4. 4 RaMause | nterface Bhe ?amguﬁphaﬁerface provi des the hi gh-speed
interface to the externall 8MB | (64Mo1t) Ranmbus DRAM (RDRAM) 20 WD
03/ 018316 |PEFMEM©1060 | 75 7| FEsatahaMIljsgusrehty ixadingslolsusBhite er f ade The
Uni versal [Serial Bus (USB) int=rf ldes..a s ndard US .devi ce

i nterface.| 57.5.2Speaker |Inter q%ﬁgf&xs Inmn"‘%ik an

tr
e spea ace l(Flgure 35)
contains g snmall FIFO 251 used fhﬁndﬂi\r‘éRemammg

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.



medi ated transfers of sound clips fromnmain nenory, an 8-bit

digital -to-anal og converter (DAC) 252 which converts each 8-bit sanple

val ue to wowslissge, and an anplifier 253 which feeds the extetuliwpeaker
When the FIFO is enpty it outputs a zaro value. 10The speaker interface is
cl ocked at the frequency of the sound clips. The processor outputs a sound
clip to the speaker sinply by programm ng the DVA channel of the speaker
interface. 157.5.3Parallel Interface The parallel interface 231 provi des UO
on a nunber of parallel external signal lines. It allows the processor to
sense or coptr Qrotdifordiid PRMdrySted in Table 30. TABLE 30Parallel Interface
devices parallel 1 nterface devices power button paper feed button ! power
LED out - of ~phpdiroedssyn nk | ow LED nedi a sensor paper transport stepper notor

WO 03/018316 PCJ/ AU02/01 76 7.5 .4 Serial Interface.The serial interface
232 provi des. t dBCSTERORT A7 BB Shsed L oae by bl Sty frodhd ey
connect t Qnith@uiiSHade rédpaoi, RxBdnsiohhad pi@hg. ISalstsivds tHe deoirpfiters F& thhie QA
chip in the ink cartridge 233. The processor-nedi ated protocol between the
two 55 s Vaseus exteraitinerecesaind responite userackipagdroughéhqsstwdatace.can then
retrieve ink chapagters i SRS (G ERiPermain5ida AnddihehEFR Ni N

vol unme of each ink. Thé processor uses fhe i characteristics’to properly
confi gur e dieewide dped nqimeed toe@chartidulalyesgh-peformanta DN Coktroliepl umes, updat ed
on a page-by-p%&g basis with ink consunptjon informatjon ac?unul?%gd by

the printhead iMed¥laciontrollersypprrts singhs-aqdresidipapiess Inischeprelpseiiiad to be
damaged Dyyo3 Gt fatapkdlSvelioYed ifiterrufitsto tHaKorERELdr o 9&n ey Ithletion.
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



The QA chip 233 in the ink cartridge contains information required for

mai ntai ning the best possible print quality, and is inplenented using an
aut hent i cepiosnisshe p. The 256 15 bits of data in the aut heatriaaioosochi p
are allocated as follows: TABLE 31 Inis cartridge's 256 bits (16 entries of
16-bits) M n]accessw dt hdescri pti on OROCal6Basi c header, flags etc.
1ROL6Seri al nunber. 2ROL6Batch nunber. 3ROL6Reserved for future expansion.
Must be 0. 4ROL6Cyan ink properties. 5ROL6Magenta ink properties.

6ROL6Yel | ow i nk properties. 7ROL6Bl ack ink properties. 8-9DC32Cyan ink
remai ni ng,7 &N naRetid i§ertatdd 03/ 018316 PCT/ AU02/ 01060 77 10-11DC32Magent a
ink remaining, 1n nanolitres. 12-13DC32Yell ow ink remaining, in nanolitres.
14- 15D032H1.adk IiJSaBInEenfiicai ng, in nanolitres. a read only (RO b decrenent

only (DO Befor ch t.he essor ck the _.anount
of ¥k errmi n rie 00 e durasthEy N st gesh SR S B See it Eage.
Once the page has been printed, the 5 processor nultiplies the total number

of drops of each col or (obtai ned from t he printhead interface) by the drop
vol umeS ThkS3notpsaker Ingerfaceed ink is subtracted fromthe anount of ink

remai ni ng.. The 4ol 4ol (RASHE SUBAL of,0 oL B, LEIRLOL ARG, 8RN0k IS5y, SO 32

bits can represent use a page

must be rodadigdd tandfers bheound@apesbmnad alnmdnidty (dn. $bit dipRaolamaloglcyn MdHD
printed dot @r& 10 7.5.5 JTAG Interface A standard JTAG (Joi nt, _Test Action
Group) int %)079521 \ghlplhecpqmgﬂechr% l@légﬂg{@ value to a voltage, and an amplifier 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




pur poses. Due to the conplexity of the chip, a variety of testing

techni ques are required, including BIST (Built In Self Test) and

functi onawolBmedsié sol ati on. An overhead of 10%in 15 chi pramesiozmiesssuned
for overall chip testing circuitry. V#® 03/018316 PCT/ AU0O2/ 01060 78 8
Generic Printer Driver This section describes generic aspects of any
host - based printer driver for iPrint. 8.1 Gaphics and | magi ng Model 5 W
assume that the printer driver is closely coupled with the host graphics
system so that the printer driver can provide device-specific handling
for differedy ARDMfsfRQd 1 Mging operations, in particular conpositing
operations and text operations. W assune that the host provides support
for col or managdrseatial iserfadedt32 gpewiids-twonthapad dewispesl serialqgamtsbe converted to
i Print-specific CWK color in a stapdard , . ba 1Q on a user-sel ected
Pr it ahec 1 Oneden s Hah RSP0 B e a Sre SR S faanectig
color profihlig h& chipf iRhd Yk SElteddeed 3l TR probdshor-RYdibhBe pHR&iol BESR:A IR theer
specifies the output nmediumin the printer (i.e. plain paper, coated
paper, 5t r ansgdritenahentene.the inklvertpdgpe Thelpreedspt ¢aprtheyenstriave inkhehapcianistes

al ways cont ai ns vice-s ific CWK col or. SS t hat the host .
ooty oo O Bk OB Kby Pl pet® o g Sifive dfea @ Rl hE PO tsbORb ink
speci fi ed da¥ratBAstRE kp@pedly EotBlgurdiié Medt printidali OEses e fefattif indtr i ver to
take control of rendering text. In particular, the graphics system

provi des sigfumasi epdatademoy pageibyrPage baskewitip rkrpoasuraptiond pformaign anpumplatest
render a”%ﬁ@ébéﬁtﬂ&dﬁ a1 %A’éh%gﬁ& if r?e%gl HidIng Eﬁﬁhéeﬂﬁo%%@a&%%e Or%f‘“ e

resol ution. assune graphi cs systemrequires ra access
to a qont goenipads. 20 buffer at the nom nal device resolution,. into which
it conposites graphics and inmaging objects, but that it allows the printer
driver to take control of the actual conpositing - i.e. it expects the

printer driygnp tolﬂlpﬁﬁﬁ?idkg‘?)@ buffer. 8.2 Two-Layer Page Buffer 25 The
printer's page descriptionm contains a 267 ppi contone |ayer and an 800 dpi
bl ack 1ayer. Tie QAabip 238yetheiisk concieprashing irdbovaionhequedtformaintyeng i . e.

the bl ack is. 1posi ted aver th t | by .the .printer. Th
b nter aroe! pHSIbLT OIS Sk, s rapioBagEd beine ar By eh B TE S nai ng! y
cont aiRs  a;RRdusaik @S ALieh@htieRBRIPNE: AIRYSEd 26fbllows:

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.




and a high-resolution black |ayer 262. 30 The graphics systens renders' and
conposites objects into the page buffer bottom up - i.e. |ater objects
obscure ewolauissabj ects. This works naturally when there ipETOMUNR/NOB060Si Ngl e
| ayer, but not when there are two lay®rs which will be conposited later. It
is WD 03/018316 PCT/ AU02/ 01060 79 therefore necessary to detect when an
obj ect being placed on the contone | ayer obscures sonething on the black

| ayer. \When obscuration is detected, the obscured bl ack pixels are
conposited with the contone |ayer and renoved fromthe black |ayer. The
obscuring object is then laid down on 5 the contone |ayer, possibly

i nteractifgaW{N [ASODT ACK PT XqT §1deBni HEreWAYning, in hifoliFedPOSI Ting node of

t he obscurling objlkect is|such that no interaction wth the background]is
possi bl e, |t h&n3t he IMDack 32 xel § dahosiimpleynairangliis eanadieds.wi t hout bei ng
conposi t ed—wth—the——-co Hyrer—HR—practice—of—course—thereisilittle
i nteracti qnltbée wepP®he| ctnt one B&V@thﬁﬁm"ﬂﬁ%I%PﬁgwnF%yer. 10 The prjinter
driver sp ciriggmgoﬁ?gk zi page resofution of 267 ppr to the grapticy
system Wjere possib the printer driver relies on the graphics systlemto
render inmgg® antbcregiempbilg$DODj ects to the pixel level at 267 ppi, witlh the
exception : } } } N
requests, detects and renders black text at 800 dpi, but returns non-black
text rendering : ] ri.ng: at £.ppi. 15
I deal Iy the grg%ﬁ?ggﬁgig%%ﬁ%gﬁgg%ﬁ@?I??%?éﬁh rf@%%‘ﬁgﬁﬂgﬂhgggﬁﬁg gﬁ"ﬁ%

devi ce- i ndepanmddrre REBoughdbear ¢mge eorv-easi mge.t@nodehd paze dpebichipeintEilytkeunt i |
the page is conplete. and read 0 he sent. tq the inter. This reduces
page b ffeRfO?eéa‘Hi‘?@HB'ﬁﬁségf’a'r%a?“ﬁﬁ“}?@sf?%%ééieﬁﬁhboq%@étawgﬁif@Hbﬁh? pegsedi ti ng
in CWK cahRffa8d)d§8hd Srop Ablunteahe adbldtMRbAhY%AENE sBULBRRILISTSY MRk sr t he
printer driver to conposite each rendered 20 object into the printer
driver's paleminingr Themdrofgueasuehiceicior ikgsmaiming is ngunttsnesoREBitsgarl  has an
explicit (Qr inplicitly opaqu aci ty.channel . The printer drjver .
mai nt ai ns rt%}%réa’setrrrl\IP/vSYffraﬁlill('at}rlespaéfg(' g%} 8 121 u’%%”iﬁ(nusteﬁ?%re“ st u.S{ th‘eouf‘l?' SPPO5ETt s
the nmedi unteaRsOhanbliea (i(e2 Bpprefimatelp DOONRiNk&Y@sts)261. This consists of a
24-bit RGB bitmap. The second part is a nmediumresolution black |ayer 263.
This c¥nsists of an 8-bit 25 opacity bitmap. The third part is a

high-resolﬂgkoqrﬂggqanh%eblack | ayer 262. This consists

A standard JTAG (Joint Test Action Group) interface is included for testing

Nt AoNE
LA AN

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.



of a 1-bit opacity bitmap. The nmediumresolution black |ayer is a
subsanpl ed version of the high-resolution opacity layer. In practice,
assum ng woesmessiam resol ution is an integer factor n of pcTaAtwREINGO
resolution (e.g. n = 800 / 267 = 3), Wach nmedi umresolution opacity value
i s obtained by averaging the corresponding n x n high-resolution opacity
val ues. This 30 corresponds to box-filtered subsanpling. The subsanpling of
the black pixels effectively antialiases edges in the high-resolution

bl ack | ayer, thereby reducing ringing artefacts when the contone |ayer is
subsequentgy JPE&PFiRGsDFivepd deconpressed. WO 03/018316 PCT/ AU02/ 01060
80 The structure and size of the page buffer is illustrated in Figure 36.
8. 3 Conposi ti ngTivpdedtiopdesorihes ganenoswpscigiof diysleass based priher geye fouiPriet.
conpositing nodel, we define the 5 follow ng variables. ABLE 32

Conposi ting variables vari abl edescri pti onresol uti onformat nnedi umto hi gh

resol uti ong.gcal gr{qﬂﬁ&mmﬂrﬁfgjﬁ@mlound contone | ayer col ornedi un8- bit
col or conponent_CCbMont one object col ornmedi unB-bit col or conponent
aCbMcort one obj BEtasypcihalthe areBdByar ivgagaly wgirgiwﬁuﬁhe optegsenhiasi sysiem,

f oreground obtlhﬁlctkﬁ gﬁgﬂl %J{l‘#vel? Ic£nt @Bg@.?%gc@éﬁ&ltg@ﬁa%' ¥e frl; ﬁ%?rg%%{p%?qg%ng | ack

| ayer opacityhi opaci l"ac ect opacit opacity
When a bl amhagntg ®etatiohs, Olp)ﬁﬁtltv.y]alaébnh-ﬂ)dsﬁm(g(mwmablﬁﬁﬂld\/w)tth)pélhﬁohﬁ ack Iayer t he
bl ack | ayer is_updated, as fﬁlloms; 10 aFgj f- argufx,

aT. J-i[x, y] (RHesgyme haithg host proyidagsyupp fozcwogsﬂana&eg}em §9 that iievwffy +i ]

(Rul'e 2)  mdbmRAdédiRolor can be converted to iPrint-specific CMYK color in a standard way, based
10 on auser-selected iPrint-specific ICC (International Color Consortium) color profile. The
color profile is normally selected implicitly by the user when the user specifies the output
medium in the printer (i.e. plain paper, coated paper, transparency, etc.). The page
description sent to the printer always contains device-specific CMYK color.
We assume that the host graphics system renders images and graphics to a nominal
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 péoc
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



The object opacity is sinply ored with the black |ayer opacity (Rule 1),
and the 15 corresponding part of the nediumresolution black |ayer is

r e- conput wo @3roess1é he hi gh- resolution black |ayer (Rule 2)pctMwen/ioasoont one
obj ect of color COWNand opacity aCbM1i9s conposited with the contone |ayer,
the contone | ayer and the black | ayer are updated as follows: WO 03/018316
PCT/ AU02/ 01060 81 CBgM X, Y] CBgM X, Y] (1 - aFgMx, Y]) if aObM X, y] >0
(Rule 3) aFgMx, y] E- 0 if aobMx, y] >0 (Rule 4) aFgH x, y] - O if
aobM X/ n, y/ n] >0 (Rule 5 5 CBgMX, Y] f CBQM X, Y](1 - a®bMx, Y]) +
CoM X, Yll?e@&Mé‘necé@sar(y%' B@te@wﬁ%earn%\b?é'ct Bélﬁ% Eﬁ@écp&?th@ Rbfehe éh?%s@@r& he

bl ack | ayer, even if not |y opaquely, e affected bla | ayer pixels
are pushedomr«&hmgmhbbb}ckldyalyer to the contone layer, i.e. conposited with
the contone | a

Rule 3) and ed, from.t he bl 4 and 10
Rl e ) The conpatibiptpin R RITHE Shst ettt Sr Bt hu bR e rul e
6). If a combAORyOIn@GEmBleEiror Shef BlhdkylaParatitEostueng@stiddt Xs th¥d lard d&d on t hen
there is no need to push the correspondi ng bl ack pixels into the

backgr éunah%mwéayeammpmumérasyng wih theebladkepikele kptommasdhthene pi xel wil |

subsequent ) i

(Rui o6y . cbpityie HBELFRE o RuinE gBlebtls Bon MR o BIeFREGH NI RERRRTSRRER, o,
| ayer and pbksible haakg\ecbw&d pemst@nexdn@ye;é decaxeiedn‘pmﬁbﬁﬂ b’eglgtlhjnqmtsﬁed)(ﬁuw&fei ous
types onto the image represented by t wo Iayers. In each case the state
of the t wsomayee}aé/er. In pEeNGS, letoyrs %eﬁ@ la#lftl@rm&f:f?é ighPehueen theConens javeRrndThe

di fferent fesq ﬂy&kans of the foreground and background |ayers are

i ndi cated by t ayers' different pixel grid densities. 20 The out put

i mage 10epr esentléd photdr Idevervapedlﬁym sormmakpagamesalutico wf 267 ppixeltheggraphicssi nce

t he actual rendg %ﬁ (S not thqW Li_‘ of di scussjon hered The
medi um r eSHUR OhC P d %lP‘E)‘r‘ ‘i&“ieé s PR T AR S e PP R RGN 3ES an

i mplicitl raghi@%® tst XaneRWhE26Y fps, viRPihk 8Rcdp@ioh Bﬁ‘bi@z’cgthf g3elpkhicpn
foreground bl ack er, le 2 is inplicitly applied to

medi um r esloiver iigds ﬁlb@égmd‘mﬁgbﬁw&tsl @}@(ts angyrendereblapiufeat & 809 dp bappl i ed,
Rul € 5. 112 nBU3R soRAcGl e BBl el AURE ALl LRI RrSondehfie & 565 ©f
15 Ideally the graphics system dnd 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.



i mge. The black object is sinply conposited into the foreground bl ack

| ayer 271 (Rule 1). The background contone |ayer 272 is unaffected, and

t he out puwoisagsi®73 is the black object. 30 Figure 38 ilpcastuoanesot he

ef fect of conpositing a contone objectw 280 onto a white inage. The contone
object 280 is sinply conposited into the background contone |ayer 282 WD
03/018316 PCT/ AU02/ 01060 82 (Rule 6). The foreground bl ack | ayer 281 is
unaf fected, and the output image 283 is the contone object. Figure 39
illustrates the effect of conpositing a black object 290 onto an inage

al ready contai fhBgiréGRRhASEe BPIe PhglBidferidMuB B intiagr 38bj ect is sinply
conposited into 5 the foreground b%ack | ayer 291 (Rule 1). The background
contone layer is unaffected, and the output inage 293 has the bl ack object

290 over e cqontone. object 292. Figure 40 illustrates the effect of
conpositihg an%%ﬂgﬂﬁg"ggﬁﬁgﬂe obj ect 300 onto an inmage already containing
a bl ack obj ect F3Phe pRipREs SMBscaMOME pak REter 0OREON @S Madd], WE défie theXi sting
bl ack object, the affected parts of the existing bi-level object are
renovedl ffewing vamatfiesr egr ound bl ack | ayer 302 (Rule 4). There is no need
to conposite the affected parts into the contone | ayer because the contone
object is fully opaque, and Rule 3 is therefore skipped. The contone

obj ect i sTBPEINt eCdmpditidevdiamigr ound contone | ayer as usual 303 Rul e

6), and the outpyt inmage 304 shows the contope nhli.pr 300 over and
obscuri ng| vatiablefl ack obj ectescrigtian gure 41 i|neselutiones t he fermatt of
316

a1 0oy cbtai ni g "BONAE B SRE T LSRRG the con] one ob) eet_obacufes
bar s of | el ack CBULERTC SAVBTE BHBOE Y ed | nf OTRG ot SRE Ty SO SRD {rul e
ot one oby et 14 THETRMBEEG | mioine " b0 e e I TSRy 4, The
oi xel s whi CHOtE arfepal B 1Y CBAaUr e parts of | CRa a1 bt RD BIACk obj ocl. 8. 4
Page Conpyege o PR EBTutiof PortHIG R PBMR T FHAERLAT| TELRBPRIST E: The

printer dfiVve* canverts the conto ayer to
layer opacity

[oN

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:



iPrint-specific CMYK with the help of col or managenent functions in the
graphics system The printer driver then conpresses and packages the bl ack
| ayer andwble/oessmé one | ayer into an i Print page descripti eaTagodeswni bed in
Section 5.2. This page description i 81 delivered to the printer via the
standard spooler. 30 Note that the black |layer is manipul ated as a set of
1-bit opacity values, but is delivered to the printer as a set of 1-bit

bl ack val ues. Although these two interpretations are different, they share
t he sane representation, and so no data conversion is required. WO

03/ 018316 PCT/ AU02 /01060 83 9 Wndows 9X/NT Printer Driver 9.1 Wndows
OX/ NT Printing SystemIn the Wndows 9xINT printing system|[8][9], a

printer 320,h$xayjoeap0h gk, @Kvlieexngbc,?ﬂﬁ #h cppp[X, 04t On 321 (RaferBhi cat es
with it via the graphics device interface 322 (GDI). The printer driver

graphi cs Ry |(@yoanif cad ik, ylidi0ary) i npl €Reilé g4)t he devi ce- dependent
aspects o?mkhe ?grious graphicsyfunctions prgvided)by GDl . The spool er 333

handl es th%%gﬁtbqeLyooﬁfpggﬁ§xyg,yheﬂp$0nter3 and (Ra¥e 5§si de on a
different machine to the application requesting printing. It delivers pages

Lo thespr IO LxWIRACALRINI mpikpe 354 BOhAR bRaglas, §Te Riyebpa

connection to the printer. e optiondl | anguage” noni is the part of
the printer driver which inposes additional protocol on comrunication with

the printer, and in rticul ar decodes statuys responses fromthe printer
on behal f of th h?ﬁ&%ﬁ@‘r?“ﬁ%& oBiechoRsrurgs g dackdaYer, YR et &1 iqPaglesy.

i npl enent sp¢ medtb?ieélad.mgi%rfp%fs zfr@fmﬁtga fioROthe bPicRNdyet & the BEGbAd Gyd}! Qpert i es
and reporting printer-specific events. The struct'ure of the Whdows 9x/ NT

printing spspestddswith thesontatethyem(Ruigijrasd4@movedi frae thefylagkt layes € ulg/3Bind

| EEE- 1284 i here i d to.inpl | itor f
 print0 TG e Raanont o BEaPFBRouB P RuBC et IRV e pr i neer

appr opr Pat 6 W ribe O TR P H SRR s oty T35 R e
Graphi cs  BRYd &LpushtiRS doreSpdn@lg) bl 43R pi R OMISIRS bheiGbikriINonYde GhyeA{R QN3 RN
application to draw on a device surface, i.e.
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



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

appl i cat iwo sans3ds aw on the surface in a device- i ndependeatr/Awy/01G60e.

i ndependently of the resolution and ol or characteristics of the device.
The application has random access to the entire device surface. This nmeans
that if a 30 nenory-limted printer device requires banded output, then
GDl must buffer the, entire page's GD comands and replay them w ndowed
into each band in turn. Although this provides the application with great
f1exi D11 taeud d) PROAAYSIRACIAN LI | REIEALIBACH] ¥R RE: st fiRCHAL02
/01060 84( &DI )‘suppé)?%s col orc na)aeagerrent ’a er’egy dev@@é-tﬂ’n%éper{dent col ors
provi ded bpntonbhebgppl i cati on are transparently translated into

devi ce- dependent. col.qors accordi to. a standar . (International Col or
Consor 11 uny " colirTp g B Gs Hardfabdh Camponige sk it o oriai Bdevate o
di fferent 4Qh&Y caiBhink @ cHRBROEBG. 290 0A o aEH 150k (Qitilacrt ﬂ%ilﬂ?@/%bﬁ]p@ﬁ{e%qmoon of
5 paper type on the driver-nmanaged printer property sheet. GDI supports

line add <pe fareground black igyerPRil dBulepat The)backgragebcontong layex is una@lfedtechend

hics, |ncludj. ine. f . b d.agd filled with
B - mppedBotiBH Maf Pt hEnc Pl FhiRg FERR S e et i cal 1y

transforned andrig@eposildsadewitdeiedeof waiposifing aPbpidue cofvhe Bbjs¢inbasai ahi | e
W ndows 95/ NT4 provides only bool ean conpositing 10 operators, W ndows

98/ NT5 pr dvagealrgady sentaigingrblptkeptiegi g0t djincesthg cptonp @ieqbebsaares eraghthes DLL
A raster LDt en - i ] 4 : r ri i nent s
indor W RASLEBLFRRoickf e REk plhl bt 68 e EAARERNEY oL B FL M EE AR

dri verl0t r i foreghoundblzki®jer 832 (Rufic 4N Theterignabteal th compdsie thdreffebed pmets sntof ace

as a single bitmap. The problemw th this_is that tex nd. i mages nust be
render ed ége F%O%"alﬁ%errbég“’g‘%f € SRNtORR PRI i FH%FY PEMS> BRY éé@z’t‘éﬂer‘%ﬁ;"@sol ution,

or gener a?s%?gp%@.orr(@t%to%%@}ékt i@%&ﬁpoﬁ@ﬂ@ﬁt@@ﬂéﬁd&ﬁgr@ﬁﬁﬁ &W&ﬂ:%yer%uéﬂx%ﬁﬁj bed
earlier, iPrint's approach is to render black text and inages at different

20r esol ut i @us 6)t ancobt bntipreintdge 364 phadubt comonf ogent B00 Fher, prd ottseuringy theer i s
therefore irqj)(l enhment ed according to the generic design described in Section
8. The dril{}% W&t ef ore maintains a two-| ayer three-part page buffer as

descrifged in Seggien]§llikirafdthel dffcst HRRMGOLIHAL atpARiall itidh§arch Lor@sneBbfdct t ake
over managi ng the device _ _ _ .

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 image 315 shows darkening of those contone pixels which transﬁarently

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.



surface, which in turn means that it nust nediate all GD access to the
devi ce surface. 259. 3. 1Managi ng the Device Surface The printer driver nust
support awouwshes31e©f standard functions, including the fol lPomA@2/0ABLE 33
St andard graphics driver interface fusctions unctiondescription

rvEnabl eDriverlnitial entry point into the driver graphics DLL. Returns
addresses of functions supported by the driver. W 03/018316 PCT/ AU02
/01060 85 rvEnabl ePDEVCreates a | ogical representation of a physical
device with which the driver can associate a drawi ng surface.

rvEnabl eSurfacereates a surface to be drawn on, associated with a given
DEV. DrvEnabl ePDEV indicates to GDI, via the fl G aphi csCaps nenber of the
returned 9DEVI NWih(hltwstX/NrTePrinteelljiwphi cs rendering capabilities of the

driver. urth ow. 5 DrvEnabl eSurface creates a
devi ce su?)lf];ces\e/ "Z‘IgT r"f‘f/ﬂ?e%yﬁﬁ‘*{'épt ual layers and three parts: the
267 ppi contongp ltr@ywnnd%%tyxmvﬁ%@@ Q,fsliemt [3¢{92.Gr/prititér 3203EK ghapnRs dBvibd t
opacity, and the 800 dpi black |ayer 1-bit opacity. The virtual device

sur facé whindlan applicapen Pat e@nmh@g@te& wvh ity the gaphies deoidemelerfaesP2bdh of

267 ppi, he r pl ace. 10
Al t hough t'he pé’@gerréiglé/% lcs ?i?f:; 2? (?@3?¥g:%@bh%t) ?Igglﬁ%l Qﬁr?erreggr%;%} the PC 99

office st aiaﬁa{dént[&bec&pefcuhéw@ﬁo@ grdphidstncaionSAMdBideti by BIICt | ce, managi ng the
devi ce surface and nedi ating access to it neans that the printer

driver nust suﬂa@rﬁpf)?lﬁ@?fﬂpqﬂéwsﬁg dedioiPYi0b RAFCS T HICtATBHE : dABDECYAC RRGui r ed
graphi cs dgfrveh &lwh%ébmﬁe seq.f%hgﬁmﬁter&l&e% ﬁ'x ﬁ%ﬂ@é}?})%gagw megﬁgﬁllr PlaloON

eropyBl ts rans at es evi ce- mana ster sur ces an
managd@ strandaod:drS3dathidi handfes .therphssncailcemdclnsn rothe priatep.dkte. optional
language monitor 335 is the part of the printer driver which imposes additional protocol on
communication with the printer, and in particular decodes status responses from the printer
on behalf of 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.



rvPai ntpaints a specified region. rvTextQutenders a set of glyphs at
specified positions. 15 Copying inmages, stroking paths and filling regions
al | occurwonsbhssicont one | ayer, while rendering solid bl &k/Aw®z2isecurs on
the bi-level black layer. Furthernore4 rendering non-black text also
occurs on the contone layer, since it isn't supported on the black |ayer.
Conversely, stroking or filling with solid black can occur on the bl ack

| ayer (if we so 20 choose). WO 03/018316 PCT/ AU02/ 01060 86 Although the
printer driver is obliged to hook the aforenentioned functions, it can

punt function %Il)i ﬁ}pﬁ%}t&&l&%l}%&%rﬂeﬁth@hﬁg% 8’&?06!4?1}{ en@é}ﬁ Iéoltopsh[}rgﬁde b

correspondi ng enent ati ons of 't unctions, since the contonhe
| ayer is ahstpgplitatieh drormmdpatentiyapnsited intedesise-dapendent Eolnctacandinpese i s a

correspondi ng EngXxx functio rovided b l . As described jn Section
8.2 . wherrHHBH GCdmpEatoTL G0 %FW‘P@“E‘B‘XF ﬂ'eprpglﬁe?f (B 8ol PrstSESrEChn t he
bl ack | ayety, aémt@?amfe%@c&bﬁﬁ%ﬁr@ as?laédmge%r éa%m&){)eeemteewseﬂs fdiQmbhlae bl ack

| ayer to the contone | ayer before the contone oObject is conposited with
t he cont ormmpeatype on Healrivkemanaged pristeppopesssheet ki ng i s that obscuration is

detected and h ed in the hooked call efore (t is punted hack to GDI
Thi s i nvol ves depLsiPhinEns e Bl RerBye pradfs htel rpade TbSHo08iheone
obj ect frampHiss, HRAMBLL SbtliRNEnUSL RS, E4 e sPBREd 4nd filRedSkieBitimé@bad brugsf er
bl ack pixels fromthe black |ayer to the contone | ayer as described in

Secti on 8.p2ite@s3GRPMes andrintagaycandie gsametispley: trarcéemed apd pempesited dthshe t o
determne th e try.of chueontone ] LEohkS .. 15 and
t hus det ercr(ﬁn%élgse&ﬁ ec?e\e(lh elsﬁﬁaﬁ% ¢h 61 aérlgog}igggﬁ\}s@)gog@g%h@lég EOIF%{]&?@? Ogglsn of

Dr vCopyBi teperat@dWiNdoRaI98INT3 preoviiee pRbpeyalpla-sleddingi{9ed by a clip obj ect
(CLIPOBJ), which can be enunerated as a set of rectangles. In the case of
DrvStrokePath, things are nore conplicated. DrvStrokePath supports both

straight-14 ge L rRe i rnve segnents, and singl e-pi xel -wi de |ines
and 20 ge&%gtr?@gﬂﬁderﬁ?ﬁzgkaEg. ]frst step is to avoid the conplexity of

Bezi er-spline cAiraseer psiegneat, $n tiedrygeilivetstandandiptiatdridnesr @inippgetthendedy
(C::)Icigrsl g%ot\)%e %9%@?"?? q%ld[glﬁé%?rf) %2 %{#}%ﬁg&%&%elg}%@g%%%ldgsg t?ir\)%l. 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—pam. 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.




menber of the driver's DEVINFO structure. This causes GDI to refornul ate
such calls as sets of sinpler calls to DrvPaint. In general, GD gives a
driver thwoapposstanity to 25 accel erate high-1evel capabi IpctiaAas2/0msd

sinmul ates any capabilities not providsd by the driver. Wat remains is
sinply to determne the geonetry of a single-pixel-wide straight Iine.
Such a line can be solid or cosnetic. In the latter case, the line style is
determined by a styling array in the specified line attributes

(LI NEATTRS). The styling array SpeCIers how the |line alternates betmeen

bei ng opa par ent~gt Syl i e | OUS
dashed |1 R'E?]?gle??%gtsc V\heCﬂ: F‘S% logic repr S%tla %ln §§ aﬁym‘%ﬁ’ vllcﬁh"Yﬂ] i ne$ can
al so usefully be rendered tqgwhia thdodimkcéraas@@matéb@b@hn kiiffackhe i ncreased
wi dt h i npl i by the 800 dpil resolution WD 03/018316 p(‘T/ AUQ2/ 01060 |87

9.3.3 Ren%@F‘iEr'Pg teSuiacen t he [GEakes afsurfacerte bedramon, essopigicdarith agisen ror

A\1”4

conplicatgd. Firstly, the o B background, if any, is handled |ikejany
other filll on the contone |dyer (see DrvPaint). If the 5 foreground brush
is not black, or the mx node is not effectively opaque, or the font 1s not

scal able, or the font indicates outline strokin then the call is punted
to EngTextQut, PoyHpebleBBEV;igdicates tofdDh viwt tha qu@rgwefrsCaB%m@n@elt dfdherptumeds

DL ec, hOBEVR(rOU e WS lanTe U RECTER Yl 161, BLIRLEY
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In practice, managing the device surface and mediating GDI access to it means that

the printer driver must support the following additional functions:

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 the black layer (if we so

20  choose).



Note that strikethrough and underline rectangles are added to the glyph
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GDl that glyphs should be cached as outlines rather than bitmaps. Ideally
the driver should cache rendered glyph bitmaps for efficiency, nmenory
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9.3.2 Determining Contone Object Geometry

It 1s possible to determine the geometry of each contone object before it is rendered
15 and thus determine efficiently which black pixels it obscures. In the case of DrvCopyBits
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black layer, though with the increased width implied by the 800 dpi resolution.
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9.3.4 Compressing the Contone Layer



an actuating structure attached to said cap to selectively nove said cap
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15 10. A printer according to claim9 including a rod to which said slip
menber is affixed, wherein said resilient nmenber is included in a
connect i owohstonssea the cap and the rod. Il. A printer acceodiA@2tooeol ai m
10, wherein said slip nenber is positswoned at an end of 20 said rod. 12. A
printer according to claim210, wherein said connection is a series of

fl exible arns.
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WE CLAIM:

1. A printer comprising:
a circular drive wheel rotated in first and second opposite directions,
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
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
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

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.

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.
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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.



