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sizeis 2 SMB (i a imge only), while the nornmal best-case page i mge size
is O 8MB WO ml/svemt only) The absol ute worst-case page | nagaeAu@/i0s113 3M B
(i c text over inage) Assurrung a quarter of an average page contains

i mges, the average page inmage size is 1 2MB A Goup 3 Facsimle
conpression algorithm (see ANS1/ElI A 538-198A, |vrsirrttle Codurg Schenes
and Coding Control Frtrrctrons jor Goup 4 Facsrrrnle F' c/urpnment, August

1 988) can be used to | osslessly conpresses bilevel data for tranmsm ssron
over slow and noi sy tel ephone Iines The bi-level data represents Scanned
bl ack text and graphtc5 on a white backgPound. and the al gorithm i s t uned
' T?;( ]E '["ofledl &S-SI glncc 1lmgle nnaé procéi_s[?ngles);()%) ohm(égyldymcth t\}v“lagerel %%J%Pa%ﬁﬁ ﬁanptf) P'rbcessglxcdses
each scanl |Ahe‘°5é'hd‘et:ﬁe‘i‘|” Fleﬂfef‘ﬁﬁﬁ'fnﬂe’néd’d‘éé““f‘h‘ék'i"é%f:l o} AT PHIEPIE S PRI CPEY hs
i n the rangee OthtuticG8 p@reging pdedo mefdrin tht @qunedeniarangngand odes fuikionk Bagibdeh Ametuinge
range 64 terazﬁtzﬁcca;@e lmde@bsmbmmkmmnnmgcaodas;Maadhso&ﬁ@r\@mmplumdcﬁnm»li)etal ple

of 64, é’.) ol prn%ﬂn dR(p\%/ mga Enklﬁ pro ran;[scrgg] R&?’gﬁ"rc%‘lm Epu es WI lhc ol 1er um{s wg\mﬁg‘%ﬁ? %H’)%la

coded wth crnunati n

Fl uf f man t &BP@S“‘“&?% "?l%‘d"” PSS SRS W8 B A ‘é‘F‘i}“ t“U‘né‘d iy cagly '5.‘&%0&}‘1‘&“‘%‘5‘6‘85
runs ( exceptthuf o pamgiiee urep TheonbRides b gyt 36 afQ@ratleifh imeshfacey A soghmazndn Mwh BAM pesisi bl e,
the 2D G Ouporgdraidd @0 i PRUEhENE QARG eds @B 0P teyedBut @oddior 10 o IhaTsk B edigersdl dntid s

( 0: l , 2’ sc?'v)ch W\’LI Qrcfc@rft@ n@d?ﬁ)%tetl Rlotthla Pedh ?Vti rQUt:ﬁe ﬁ&ramcdd@ @ch I'Ihﬁve%llld}ll ]Mmgl S

;B.I’ Edggrlsé \(/)\AE)tYhﬁ?Eg[g_nc%%z g?agbsarat h 4 ?an'gheéﬁl(/l suc ﬁ.ndts orblhe/crgg‘g I{oscn g:ﬁ, slay m Qmmséns subroutmg tic

ni nl engt h- e‘}’i%de‘d““"'édﬁié'sﬁfse?cﬁCder‘?t“lb‘f"l“éd"‘tﬁy“oﬁ”‘ﬁ'r”e?”i‘3('('31 D- and 2D-encoded | i nes
arc marked di tf aPehitippsihg tigaencededed sismasbugn prgetrenabe@dcateprpiegtiladnt a full dot

intervals, revm&nh@;l;.camcﬁsmb Yut FeBrdldhbet @q{orQEold?Qt\bon{eﬂlxaﬂﬁl&Ur@@IuI\Jﬂ@;\ngﬁ\n@m‘J§WQ%E can

f hi
Egﬁgygri%l I)ﬁmnguopq lhcrglipégmwd mt!)éxmf&ICnEvel I{Jer a Cgl c.| \)grat]'k%nck%gegl tylélrp d’glmg o Idg\/?gr

el ect r ONi ¢ I"REYT G Mf 81‘“°‘i"’é“c¥§| Hrgples §V%Vf'é%"°"5'i?d’mth‘&i‘p Nojis “'Elgééf"f‘di‘ff’)tf"’lcﬁh{i‘fi‘%g,

Vol 1(1), Jarhiel!yyerk@9ohas gygyolGuoR hjtisAn @egoufpsiodof iggrgier ydoeresalhigorTht Inghrs( gmerted

- I'INS1/ El A 2281981800 dhaGShepuihi& s €0 dit REp GBS eires o HerCathb g 2 £oMp dothmfgUnLEi ONS
for G oup %Mﬁﬁg(ﬁérrr& HLH% FOM R TE N non MUK Sdniode BB nal OSSR fhe¥s RQBF facor 5t%he

bi -l evel data rror..free cor ni_ca
t Ihe | :/nss grlmer %tﬁ))l rrsolunon S,H"IC agle%fuppone rCéo?utlon [ 326 ?’pll’ cgerﬁgln&m'}or adognlllc%é 1e gncq'?th Qw

prot océP | ewer )dOTFFe‘“‘(BP d(?p“ @crawmw‘ﬁms|"§‘“da%%d “bﬁq“t'ﬁ‘ew‘?l_‘?c@‘ESLP{?“@"‘&?“@@P Pt hm
with the egseenmtuipdde Todinforccabitoms tibegipiedly moBegtrfansitihsigicon-ldve reassanedniity be
error - freekruhialhensotdedhd HRS. afi Rt nbQNY el GRNK A B Al ik &G Aler MURIGAI S
as an aid LonRLLOLaLLaRYR g pyppm,%pln%vn%,ﬁmyormress' on ratios ranging

from 20 I mmges The desi gn goals and
per f or mance of (¢ é’bdﬁfﬁ"‘&prd‘b%?ee%%‘i%%e argars 'tgh‘Fri ReF£rty it Pfag"ga've""ew“m“
conpr e43j o slelyereed perihintedce FHaucl s 2 qandas|IEEG §Ad mieripdpivgesipedeard JPEG\dgogyict 38, aplafd@98s11 7
PCT/ A U111 Gtk 4 HaSdedoller Uscudtunf Haterar/cb giobi@siniadoen chidbied eboodees ol omeibadg/eaiundr mg 31,

resol ution ar(d JLLQ.Qm %QQ I3 he BARGekdtss BRERLES: zrs B0 So FXReedIIG 2@3
awkwardly At S current

ner/co Psudr 2'9 Ll"f\c dagbencmwr'j ﬂ?e tald{;sl'\cs a\gnlrare‘!l L \%or mﬁs KM_:p(ngeXLcorﬂm%’to ‘br?]?co g dé%nder?(

G oup 4 decoder co

handl e runPeHyt s m@%é%‘é‘df Hye Pﬁb"é‘é"‘ﬁﬁ‘f’?‘rﬂ“‘F'}}Ofér‘i’éddﬁl‘%F‘%}G“‘Pﬁ HOUBYPI"t4c. si nul c
appl i c800ns, andhesontweut eorks egpuple hpideah oPne THae:s Crdypine BRAY 34 GOBAtpiyTadsBaCK

| ayer is | the@sdoymﬁdemgresesednduﬁdemgc 254 R Y0e Brbviclsif IVREdGage s read RomIRAPII@ &I ON

ralo exceeqﬁsggth%p{;h h1c éln(etr@/lwpﬁ@,ml: ang&ghQ?EL Qaq H’lllskehglrmnl@d)gn ll’?g p§g§ uﬁﬁ)tldccl l@%ﬁgs’them!: ch

mat ches the cont gne, col or I Fax at a
TR A Tl R T A N Wt i L et v

. I's r esponsiBHCeomrFsseH@ere M japre atdicsrpndyagy of ghptCaoups E“I"éWTCSSd‘d’E vej daa picaist B t o
a singBB spotsir@od aanhe bhakpiys adthoyghlitle #EKs fcanily b@x hgnasnchnd thine-lgel apdnia &)djrecadid wa
dither m n%f[&e,luemkqu MRR erereaH§ewieadﬁw,bee&aemonddehhemg@gc boibw)t Ri€heGREMONE

-data ( deco??g%emspsasgcl Tvn}{] lhemrsl is encc%eada%plggg 0¥ l).xtcr retnﬁenng uptiukcr R ﬁr ngE,&ﬁh:fﬁ@)&cq‘ der s

2 plants o

the 4 FaxdH@Edd@W”F?“?“%Vﬁﬁ@%mﬁ?mdeﬂﬁﬁﬁﬂegéﬁdS%P“P%ﬁ@ﬁmdﬁﬁdwTH@“mm““
deconpr essduer bihe fapysiehm dakedly pdgisiglandreate gnopth @ankaing oo eve/l-@orescesEtison thd bt hdaiH@Y)
for thgonexdanst agfuskedto tdiRenRitcifdd idad .ok PAE pridencaiWOp Bis claevieds bhukifues S pRBQYI RS
the neans fPQs stag r @(Q&EJ?IKOII lll%ghatung mtl))l be l)rgqyl‘ﬁ!)n lﬁl%t\lﬁ‘h(h(?tf‘%?ﬂ]pﬁ hl% pﬁﬂhc'a:my g&ﬁﬂd&%f and
the I I CU Each deconpressed bi-l'evel layer is output to tw line buffers
Each buffer is capable of hoIdlng a full 12 inch line of dots at the
expect ed maxi mum resol ution Having two line buffers allows one line to be
read by the HCU while the other line 15 t5 being wiuen to by the &4 Fax
decoder thls |s |nport||nt because a S|ngle b|-IeveI Iine is typically

o " o Y. 1 o, Y T T 1 i I T



8 and control functions fast enough It nust be capable of handling

runl cngt hs exceedi ng those nornmally encountered in 400 dpi facsimle
applicati ova91/¢988 so nmay require nodification A JPEG conpr @E€3iAAm0abgarit hm
(see I1SOIEC 19018-1 1994, Injornuction technology - Digital conpression
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In FIG5 is seen the HCU in greater detail Once started, the Il CU proceeds
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st opped wwe disgssoontrol register The first task of the HCWwdmAv@w/wesal e, in
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achieved by replicating a data value an integer nunber of tinmes in both
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40 16 even bits from register A form bits 0 to 15, while the 16 even bits from register B form bits 16-31
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whi ch the procesgor |oadsjthe print head wthothe dots to pbe printed, and

controls the actpal dot ppnnng process |t taKggnhtdtobl@n the LLFU and
out puts dag-a—te—fhe—punt M&.‘ Fse Eﬁﬁ‘;ﬁhﬁ?ﬁﬁ@%‘e—%'eal ing
with a varfety of print hnag engt s and for fafA ™ IHE P'Ater|hal strycture of
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fall wa@ hi g bgmns ScQ{aﬁnng‘thétﬁa@ THI V& Bduht@ k% advanced by 1 each ume the MU receives a dot advance signal

from the DMAU When the MU receives a line advance signal from the DMAU, the line counter 1s incremented and the

dot counter s reset to 0 Each cycle, the current line and dot values are compared to the margins of the page, and
appropriate outpul dot advance, line advance and within margin signals are given based on these margins The DMAU
contatns the only substantial memory requirements for the HCU
15 In FIG. 81s seen the line loader / format umit (LLEFU) It recerves dot information from the HCU, loads the dots
for a given print hine into appropnate bufier storage (some on chip, and some 1n external DRAM 34) and formats them
nto the order required for the print head A high Ievel block diagram of the LLFU in terms of 1ts external interface 15
shown 1in FIG 9 The input 67 10 the LLFU 15 a set of 6 32-bit words and a DataVahd hit, all gencrated by the HCU  The
output 68 1s a set of 90 buts representing a maxumum of 15 print head segments of 6 colors  Not all the output bits may be
20 valid, depending on how many colors are actually used 1n the print head
The physical placcment of finng nozsles on the print head referenced above, nozzles in two offset rows, means
that odd and even dots of the same color are for two different lines  The even dots are for inc L, and the odd dots are for
line L-2  In addition, there 1s a number of lines between the dots of one color and the dots of another  Since the 6 color
planes for the same dot position are calculated at one tmce by the HCU, there 1s a need to delay the dot data for each of the
25 color planes until the same dot 1s posttioned under the appropnate color nozzle
The size of each buffer line depends on the width of the print head  Since a single PEC generates dots for up to
15 print head scgments, a single odd or even buffer Iine 1s therefore 15 sets of 640 dots. for a total of 9600 bats (1200
bytes) For example, the buffers required for color 6 odd dots totals almost 45 KBytes
The entire sct of requisite buffers might be provided on the PEC chip when manufactunng techniques arc
30 capable. Otherwise, the buffers for colors 2 onward may be stored in cxternal DRAM  This enables the PEC to be vahd

even though the distance between color planes may change 1n the future It is trivial to keep the even dots for color 1 on
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Address generation for reading from buffers E and F s straghtforward  Each cycle generates a bt address that

to

15 used Lo fetch 6 bits representing 1-but per color for a particular segment By adding 640 o the current bit address, we
advance to the next segment’s equivalent dot  We add 640 (not 1280) since the odd and even dots are separated 1n the
30 buffer We do this NumSegments times to retneve the data representing the even dots, and transfer thosc bits to the PHI
When NumSegments = 15, the number of bits is 90 (15 x 6 bits)  The process 15 then repeated for the odd dots Thas
entire even/odd bit generation process 1s repeated 640 umes, incrementing the start address each ume  Thus all dot values
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35 bits are produced in a given read cycle (one bit [rom each color’s buffer)
In addition, we generate the TWriteEnable control signal for wrniting to the 90-bit Transfer register 90 in FIG 9

Since the LLFU starts belore the PHI, we must transfer the first value before the Advance pulsc from the PHI We must

also gencrate the next value 1n readiness for the first Advance pulse  The solution 15 to transter the first value to the
Transfer register after NumSegments cycles, and then to stall NumSegments cycles later, waiting for the Advance pulse to
40 start the next NumSegments cycle group Once the first Advance pulse armves, the LLFU 15 synchromzed to the PHI

The rcad process for a single dotline 1s shown 1n the following pscudocode
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providing the double-buffering scheme This works so long as the reading docs not occur duning the OutputVahd flag, and
that the previous segment’s data can be wnitten to DRAM 1n the time 1t takes to generate a single seginent’s data The
process 1s shown n the following pseudocode
25 adr=0
firstEncountered =0
While (NOT AdvanceLine)
If (HCU_OutputVahd) AND (firstEncountered))
ColorNWnteEnable = TRUE
30 ColorNAdr = adr
If (adr == 39)
adr=0
Else
adr=adr + 1
35 Endlf
Else
ColorNWrnteEnable = FALSE
EndIf
If (HCU_OutputValid)
40 firstEncountered = NOT(firstEncountered)
Endlf
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MP10% &5( ) -oP10gy & the)mePdrg) dpegeifd usq@] D3 RORAM RIS Jor dRandiz U very first half-iine buffer 1s
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30 waslte 1s 64 bytes per 13 segments, but have the advantage of the 640-bit access completely within a single page
The address generation process can be considered as NumSegments worth of 10 sets of. 20 x 32-bit reads
followed by 20 x 32-bit writes, and 1t can be seen in the following pseudocode
EFStartAdr=0
Do NumSegments times-
35 For CurrColor = 0 1o MaxHalfColors
DRAMStartAddress = ColorCurrAdr[CurrColor)

While reading 640 bits from DRAMStartAddress into D(>= 20 cycles)
ColorNAdr =0
40 While (ColorNAdr '= 20)
H (NOT HCU_OutputVahd)
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“fs' (1Q%} $p& () "FI[:vU4/ S S, 4%0% ()-L'S 4(%10%3>+s& ()-L
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If (DRAMStartAddress == DRAMMaxVal)
ColorCurrAdr{currColor} = round up DRAMStartAddress to next | XByte page
25 Else
ColorCurrAdr{currColoi ] = DRAMStartAddress + 640 bits
EndIf

[f (Segment == maxSegments)
30 If (ColorCurrRow[CurrColor] == ColorMaxRow{CurrColor})
ColorCurrRow[currColor] = ColorStartRow([currColor]
ColorCurrAdr{currColor] = CotorStanAdr{currColor])
Else
ColorStartRow([currColor} = ColorCurrRow{currColor} + 1
35 EndIf
Endlf
EndFor
EndDo
Wat until next Advance signal from PHI
40 Note that the MaxHalfColors register 15 one less than the number of colors in terms of odd and even colors

treated separately, but not including color | For example. in terms of a standard 6 color printing system there are 10
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(s' 10%& ()-, = @10%,?2& ()- S @109%8 3& ()- | 110%.e$L& ()-|[NA41010 |,
10, 10, = (s'10%, & ()-, * (s'10% & ()-, < (s'10%, & ()-, /U"
(s' 10%#8& ()-, d° (s’ 109DHD& ()-,$l|[: NA4L010 4° $10% ' ' & ()- $10% ', & ()-
$10941& ()- S'&10% & ()- S10% & ()- S3910% & ()- DEFGSVj vU410 94.0%& () -
S 91005, G (). SAQUER K, L) . SRR, S8 509 & 10, & 10, &
S $10% & & () i U416%%S 540 b g ‘%‘Z"
%d0% " [ & () Pg b rccb}&eé%:[nggr(ﬁm cygcs 'BR e Eﬁst(lﬁo busgﬂdat t%@@/{’}y fjucrﬂy the pnint head
I [:vU410 Sh@gﬁ;ﬁ@ﬁ;&x&lnq yu: st LineSync pulse must occur this period of time after the LLFU has started  This allows the
mmitial Transfer value to be valid and the next 90-bit value to be ready to be loaded into the Transfer register
5 The print head mnterface (PHI) 1s the means by which the processor loads the print head with the dots to be printed, and
controls the actual dot printing process 1t takes input (rom the LLFU and outputs data to the pnnt head itself. The PHI
will be capable of decaling with a variety of pnint head lengths and forinats  The internal structure of the PHI should allow
for a maximum of 6 colors, 8 segments per transfer, and a maximum of 2 segment groups  This should be sufficient for a
15 segment (8 5 wnch) printer capable of printmg Ad/Letter at full bleed
10 Throughout the specification the aim has been to describe the preferred embodiments of the invention without
limuting the invention to any one embodiment or specific collection of features Persons shilled 1n the art may realize

variations from the specific embodiments that will nonetheless fall within the scope of the invention
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A print engine/controller to drive an ink drop print head comprising
an interface at whach to receive compressed page data,
decoders to decode respective types of image plancs in the received compressed page data, and
a half-toner/compositor to composite image plane data,
the half-toner/compositor including
adot merger unit taking bits (rom the respective planes as inputs, and
a color mask register holding masking bits in number equal to the number of 1mage planes,
respective input bits to the dot merger unit being ANDed with respective color mask register buts and
the resultant brts ORed together to form an output bit 1n a channel for which there 1s an ink at the print
head

A print engine/controller as clatmed mn claim 1 wherein the respective planes to the dot merger unit include three
contone color planes and a high resolution plane and the color mask register 1s loaded with bits that are selected

to place the high resolution plane into any one of the respective color channels

A print engine/controller as claimed 1n claim 2 wherein a fixative channel 15 generated from any onc or more of

the respective planes and sclected by what bits arc loaded to the color mask register

A pnnt engine/controller as clatmed in clazm 1 wheremn the color mask register 1s loaded with bits that are

selected to sphit a K plane into C, M, and Y channels for output to a print head without K

A print engine/controller as claimed in clium | wherem the half-toner compostior includes a tag encoder
generating an infrared tag data plane and the color mask register maps 1ts dots into an infrared channel at the

print head

A print engine/controller to drive an wk drop pnnt head comptuising:
a contone nnage decoder to decode any compressed continuous tone image planes in the recerved
compressed page data,
a high resolution image decoder to decode any compressed high resolution image plane, and
a halftoner/compositor including a dot merger unt controlled by a color mask to map 1mage plancs
into channcls corresponding to what 1nks are supplied in the print head that 18 interfaced by the print

engine/controller

A print engine/controller to drive an ink drop print head comprising
a contone 1image decoder to decode any compressed continuous tone image planes 1n the received
compressed page data,
a ligh resolution decoder to decode any compressed high resolution image plane, and
a halftoner/compositor mcluding
a margin unit to apply margin data to the respective 1mage planes duning the composite process, and

a dot merger unit controlled by a color mask to map tmage planes 1nto channels corresponding to
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what inks are supplied in the print head that 15 interfaced by the print engine/controller

8 A pnint engine/controfler chip 1o interface with an ik drop print head comprising

an interface at which to recerve compressed page data,

5 a contone tmage decoder to decode any continuous tone tmage planes in the received compressed
page data;
a hugh resolution decoder to decode any high resotution image plane 1 the received compressed page
data,
a halt-toner/composttor including to dither any continuous tonc image planes and composite any high

10 resolution 1mage planc data with any output plane including a dot merger unit controlled by a color

mask to map image planes into channefs corresponding to what inks are supplied in the print head
that 1s interfaced by the print engine/controller, and

a print head dnver to output the composite to a print head

15 9  Annk drop printer dniven by a print engine/controller comprising:
an intertace at which Lo receive compressed page data;
4 contone 1mage decoder to decode any continuous tone 1niage planes in the received compressed
page data,
a high resolution 1mage decoder to decode any high resolution image plancs in the recetved

20 compressed page data,
a half-toner/compositor to dither any continuous tone 1mage plancs and composite high resolution
tmage plane data with any output plane including a dot merger unit controlled by a color mask to
map image plancs into channels corresponding to what inks are supphied in the prnnt head that 1s
intcrfaced by the print engine/controller, and

25 a print head driver to output the composite to a print head, and

a print head

10 A method of operuting an ink drop printer comprising

recerving compressed page data

30 decoding any continuous tone 1mage planes in the received compressed page data to gencrate output
plancs,
decoding any high resolution 1image plane in the received compressed page data to generatc an output
plane;
dithering any continuous tonc image planes,

35 compositing any high resolution image plane data with any output plane,
and
forwarding composited data to a print head with 1mage planes mapped to what inks are avalable at

the print head.



