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i nvention has been developed primarily for a digital camera including an
integral printer for providing a paper print of an inage captured by the
canera and will be described hereinafteywith reference to that
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bi -1 evel ﬁsg ﬁtl on which corresponds to a predeterm ned conti nuous

t one resBF ‘f'% Ph¥®net hod i ncluding the steps of: 20 receiving a first
data set indicative of the inmage, the data set of the predeterm ned
continuous tone resolution; converting the first data set into a second
data set of the predeterm nedCOPENDINGAPPUICATIGNS!| ution; converting the
second data set_into a third data set of the predeterm ned bi-I|level dot
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SUMMARY OF INVENTION

According to a first aspect of the invention there is provided a method of providing an image
for printing at predetermined bi-level dot resolution which corresponds to a predetermined continuous

tone resolution, the method including the steps of:

20
receiving a first data set indicative of the image, the data set of the predetermined continuous

tone resolution;

converting the first data set into a second data set of the predetermined continuous tone

resolution;

converting the second data set into a third data set of the predetermined bi-level dot

resolution; and
25

making the third data set available to a printer at the predetermined bi-level dot resolution.
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-2 Preferably, the first resolution matches the predeterm ned bi-Ievel dot
resolution. In other enbodinents, however, the first resolution is greater
t han t he wo edatses mi ned bi -1 evel dot resolution. In stillpPéDAUh®e1075

enbodi ment the first resolution is |less than the predeterm ned bi-Ilevel dot
resolution. Preferably also, the first data set is in are red, green and

bl ue (RGB) format and t he pri nter is esponsive to a cyan, magenta and

yel | ow (CMWY) f net hod i ncludes the additional ste 5 of
ohverti g 1 nETTREpY Bade! EotR SR PRPRHENSobHE AP Feshaen: 1 e
preferr edbédirhéﬁti tmewémt Iﬂwrstrnéﬂoudas.stgk@tatﬂmp thef predmnpaad bge\telneotsmmndw.dat a
set - ALt LySldmes f;g?{?Fa&. Cb RS, OB BEEREILGhesd 8B Lo iBRT PeN NG

the firs ara oat rerera ta’s 'S obtalrneé rom a

ensor device t h de th ste e thef r
sensor devi co andhhe Elpd Lk saéﬁge o Dlue BORTBT R atn piugnid, >
step ofespamje msat:yamgmagmllamsyetlnmm\t)ifwg\at Bed the nwthod dricludgethe fadditional step
plurali nycoﬂve %ﬁnﬁé‘&‘g?é ge?ﬁ}rgaﬁ déé%ﬁrgéti er!t sanpl es, where x >y.

Even Srore pre erably al so, the nethod

i ncludes the sIltt %pprg{err% ?(Ff%r fhé ' rﬁghéoh fﬁclt.l éss Ihe?%po Pis %a{%ﬂﬁwﬁeﬁ% Og&ng ! cfalﬂae set. a

green plane and a erre I'ncl'udes™ t he
f ur t her Alteregiigelpfthe methed Iquq@ermfemrmwn efsharperting thefirsttdate sepo of dar kest

pi xel s and the n%of the lightest pixels; adjusting the first data set to
equat e t he nPoRuéferably kibe firshiatzbed is @hﬁdnexsfr@dp@smsongevtcn@n@ thegmethiert incledess thep

equate E@F oﬂ%@néahr@\k@ﬁ’gt d%ié‘:fel i%r nﬁtlﬁgé}ftl@@’n){he dehior H@\ﬁé&ogoﬂe%f&gﬁ§ tﬁé@e

addi tional step ustin first data set to fprOV| pre eterm ned
white baicsmeensaﬂm'@cl Vg P?fhetffﬁéd%tsﬁtd@”i hHelvraes Wesas)atsﬁfq %Wéﬂa"%f’@b of

adj ust i Bgsdnhiftes, Whéré k >JaEvrenstdre prefefdby k ea@aoangy eget er mi ned range expansi on.
Eveniorore preferably, the color resolution of the first data set is

i ncreased whi Ipeeferiﬁbnpta@b MhdYBethEEn @8R tHep o blahi® B8R tHeifiRsh dath Betantd b pdagianed
form the fir t %cfjaa set is selectively adjusted for providing the inmage in
a 20 p?@Eﬁ?PB Pt BE%%nal orientation. According to a second aspect of
the invention there is I’OVI ded an aé)%d{r]afl‘lus for ovi ding an image for
printing at a 'BfBESEF A Rhe BrRthed et QE‘HIS@P? whi ch corresponds to a
predeterm ned  contj nuous tone resolutiaon, the ap arat us including: input

means for recdelFTAGnG fof fedist datp setds miafl Perkest 9'ée'%?"d(th%"°@r?élﬁ‘§ ioeRPelEa set

being in a Bayer format of a first resolution; 25 sanpling neans for
converting th@dPPwtthetféﬁtéa@éFt tp gavpteythe g% Alapkgstpixelst art?f the predeterm ned
contjguous tone resol ution;, W 01/20549 PCT/ AUO0/ 01075 -3 processing neans
for converti ngidwﬁ@gé'&fﬁﬁda@éﬁ%!%@ﬂat? e 8% fighitesgipigely-a set of the
Preferably, the method includes the additional step of adjusting the first data set to provide a
predetermined white balance. More preferably, the method includes the additional step of adjusting the
first data set to provide a predetermined range expansion. Even more preferably, the color resolution of

the first data set is increased while maintaining the same spatial resolution.

In a preferred form, the first data set is selectively adjusted for providing the image in a

20 predetermined rotational orientation.

According to a second aspect of the invention there is provided an apparatus for providing an
image for printing at a predetermined bi-level dot resolution which corresponds to a predetermined

continuous tone resolution, the apparatus including:

input means for receiving a first data set indicative of the image, the data set being in a Bayer

format of a first resolution;

25 sampling means for converting the first data set into a second data set of the predetermined

continuous tone resolution;



predeterm ned bi-level dot resolution; and making the third data set
available to a printer for printing at the predeterm ned bi-I|evel dot

resol uti ovo oPeoshier ably, the first resol uti on matches the perdeb@onihed

bi -1 evel dot resolution. 5 Alternatively, the first resolution is greater
than the predeterm ned bi-level dot resolution. In other enbodinents,
however, the first resolution is |ess tshan the predeterm ned bi -1 evel dot
resolution. Preferably also, the first data set isin a reen and bl ue
(ROB) T or . AERFSESNE Fiopms di Faivertts on SPAPBT 7 sy o SrigiraP SR o) arg ow
(CWY) f pregetermivdaeri-—ivél dbfresqutios,@asdi ng means converting the third data set
froman RGB format to a CMY format. Preferably al so, the apparatus sharpens
the second datraki@lthe thiid B4th €6t REIRBKI 1B DrinteNRVBHRg at tAdpleBeiitaANRleNs dot
sharpens the first data set. In a preferred form the first data set is

obt ai nelfSPH a sensor device and the i nput neans corrpensat es the f| rst
data set for non-ljnearities in the sensor _ device. preferably,
conpensati on FPERBY- 196 d55 fesution, Malrties @BnP/r@?‘?t?rﬁﬁ’ef’hB' Ieyet s‘l°td?F%{”té°8t
from& pltemaﬁilvel?yth@fﬂrs( réSoluticraisdrestert than dheppraderdrimingd di-leyel kiiot resalifdresn oteer e X

> Y. Bv &Mb rﬂgnt#) eglﬂ]eyﬂrst solu n(gl 19%95 %an tr\% gredef%frﬁl eaJ% -Ye?velth?resé] HUt nmeans

pl anari ses a et reen plane a nd'a bl ue
I 15 Mo t f

Set the n6 of epaéf?feé' g, e 1 e 4 o FORD e Sh TR (%G%zéfrf@af i

first dessporsive td acyagueagentataad m{omf(CMé)rfhm whieseirl tBe pracrdsinglnearisconveetingitines t

dat a se;hirggatgggta;ogq érhggg%}rg;t td h BIASInaPl Xels. In a preferred form the

input means adjusts the first data set to provide a predeterm ned 20 white

bal ance. Mor edp%fgjag akb ¥ne %{)ﬁgraluggﬁgr%%%s Eg“ldlﬁﬁasse{ Meothdr b cf’rﬁgrﬁ WevdrO

provi de a predeter ned e expansion. Even nore prefera I nput
means i H@@é&%’é@s'e"}?@%éﬂ'ﬁrﬁﬁté@wﬂtl on of the first data set while
mai ntai ni ng the sane spatial resolution. Preferably, the input neans

sel ectivel y adj agreferieddorm; the(firstj data setds optainedireny o gpirgr ddviceiand iie inpyt greans

predet eemaeﬁgatéén&@ IR0 YHata0Ldtefat %h-@ﬁbanﬁ@&@f @Henger{ser ae\t.éy rl@orésﬂ%Fabe e
invention there I s rowdedacarreramc udl n CCDarra

provi di ﬁ‘ﬁ“%?”ﬁ%%i%?“P%U?a”t\ﬂb'"ﬁ'ff’efd%?ﬂ‘é?"ff@ﬁ%&ﬁd’P%fetf?m a plurglity p ’H?t'teﬁamPl?F to

sel ect i " @lupalifgroby bitlsanipled, Phdrelk ©¢. EvERG®re pidfbrably, appabsd yisgas descri bed above
for receiving the Bayer inmage and providing the printer with

Preferably, the input means planarises the first data set into a red plane, a green plane and a

blue plane.
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More preferably, the input means:

determines for the first data set the m% of darkest pixels and the n% of lightest pixels;
adjusts the first data set to equate the m% of darkest pixels; and

adjusts the first data set to equate the n% of lightest pixels.

) In a preferred form, the input means adjusts the first data set to provide a predetermined
0
white balance. More preferably, the input means adjusts the first data set to provide a predetermined
range expansion. Even more preferably, the input means increases the color resolution of the first data

set while maintaining the same spatial resolution.

Preferably, the input means selectively adjusts the first data set for providing the image in a

predetermined rotational orientation.

According to a third aspect of the invention, there is provided a camera including:

25
a CCD array for providing a Bayer image;



the third data set such that the printed image i s produced. Bri ef
Description of the Drawings 5 Preferred enbodi nents of the invention wll
now be dee@pni/bsdy by way of exanple only, with referencerecvaub®tond | ow ng
description and Figures. Fig. 1 shows a high |evel imge flow of the PCP.
Fig. 2 shows a block diagramof the PCP in isolation. Fig. 3 shows a bl ock
di agram of the PCP connected to Printcam hardware. 10 Fig. 4 shows a
4-inch Menjet printhead. Fig. 5 shows the arrangenent of segnments in a
4-inch print heaaf?!'."tef:f°@.se"%§:t"é%8?/(€""ﬂ'%a BintefFags A of nozzles in a pod,
nunbered by fixing order. Fig. 7 shows the arrangenent of nozzles in a
pod, number ed 3NRPPFAYF ARESFHPEH above(fe) reogiving HigBayerdRagaARNE BEPViding the pjinteowidh ows
a podgr thefhird dat:dset dith HAOWE pantedinBgE sPrdiucéd. 9. 11 shows the rel ationship
bet ween segnents, firegroups, phasegroups, podgroups and chronopods. Fig.
12 shows AEnabl e and BEnabl e pul se profiles during the printing of an odd

and even dot. 20 Fig. 13 shov¥s the orientation of print formats based on
the CFA image. Fig. 14 shdidefPescriptioniofdhe Rrawingse i nage capture chain.

Fi g. 95 shows g bgréf &iddmithidlor Bk il Swil ﬁbmﬁbe@@rfbe@%w%@omﬁi fé-only',:\ivﬂr 16
shows the linearize REB process. Fig. 17 shows the planarize R&B process.

25 Fi g. refereragdotbe oligyige Resqrintigr and B8Uehe i mage print chain. WO 01/ 20549

PCT/ AU0O0/ 01075 -5 Fig. 19 shows a sanple color range for a single color

pl ane. Fig. 2FigASKRYS Hioslehenaopfiey ¢e PRPwhi t e bal ance and range

expansi on. Fi gF 21 shows a bl ock di algéa'm.of appar at us capabl e of perform ng
whi t e bal ance Fih@ shewfeblogkdingrem ¢fthe BCR-jndsolagion.shows t he vari ous col or pl ane
pixels in relation to CFA resolution. Fig. 23 shows the effect of rotating
t he green pl arfég. Bphavs ailegkakagranpfdhe QP stnnagied tadrintican hardwarget ween r ot at ed
pi xel s for the green plane. Fig. 25 shows the process of mappi ng novenent

i n ufo ot at ed CRA4shewse 4-vch Yemiebprintead. space.

Fig. 5 shows the arrangement of segments in a 4-inch printhead.
Fig. 6 shows the arrangement of nozzles in a pod, numbered by fixing order.
Fig. 7 shows the arrangement of nozzles in a pod, numbered by loading order.
Fig. 8 shows a chromopod.

15 Fig. 9 shows a podgroup.
Fig. 10 shows a phasegréup.

Fig. 11 shows the relationship between segments, firegroups, phasegroups, podgroups and

chromopods.

Fig. 12 shows AEnable and BEnable pulse profiles during the printing of an odd and even

dot.

20 . . . . .
Fig. 13 shows the orientation of print formats based on the CFA image.
Fig. 14 shows a block diagram of the image capture chain.
Fig. 15 shows the arrangement of pixels in a Bayer CFA 2G mosaic.
Fig. 16 shows the linearize RGB process.
Fig. 17 shows the planarize RGB process.

25

Fig. 18 shows a block diagram of the image print chain.



Fig. 26 shows a bl ock diagramof the sharpen process. 10 Fig. 27 shows the
process involved in high-pass filtering a single |um nance pixel with a 3 X
3 kernelwoPbi/gps428 shows the transformation in conversi onP€T/amndA@873 o CMWY.
Fig. 29 shows conversion fromRG@ to CW by trilinear interpolation. Fig.
30 shows pixel replication of a single pixel to a5 x 5 block. 15 Fig. 31
shows a bl ock diagram of the hal f-tonigg process. Fig. 32 shows the
process of reformatting dots for the printer. Fig. 33 shows a bl ock

di agram of t h&'9- FAgPWsaRIPIe caler "taf‘g"’lifi"g? singje S‘H?Méa”g- bl ock di agram of the

i mge access unit. Fig. 36 shows a bl ock diagramof the inage histogram
unit. 20 Fi g.F'Qi?°§'PRMgh9dSt?HSd’E4?'VEI‘i’ iRayisPYencerBd FNERERANFIoR- er f ace. Fig. 38
shows the bl ock diagramof the Memet interface. Fig. 39 shows the

gener ati on of FRERABNVsblodsmipgrATEof AP alusraRahig. of Perfogning whitthislasice ansl igege

di agr amegfanslet. count logic. Fig. 41 shows the interface of the print
generator unit. 25 Fig. 42 shows a bl ock diagramof the print generator

unit. Fig. 43 5dowshdvsthdfioth R%F BERSixdidiR rdifRh tPSEA REHURRCESS unit. WD
01/ 20549 PCT/ A 01075 -6 Fig. 44 shows a bl ock diagram of Buffer 5.

Fig. 45 shows 2‘3 %sqli\@&fe@trgfthatig?'thfe%?eeﬁ-plaﬁiagy 4§§eg1$:$33‘.’\5 a bl ock di agram of

the Upl nterpola Hal ft one and Refornat process. ig. 47 shows how to map

froma standarpggfgi;;ﬁiw&ﬁee&gta@@ oS ARSIl (BGrebhng, S F1 0. 48 shous a

bl ock di agram nvert CWY process/ 49 shows a bl ock

di agram of Bufd er ' . | [, gh- t i r i ng a
3 x 3 kernel. Fﬁ°§i28.%“%‘11:4 gﬁg\lﬁogeah(g}@@a@@ng?@égrggnﬂt%?u@ﬁéég?ﬁpééﬁkeu{r?i rjf){a?e idé:'\.:pl 52
shows tBREc8tructure of Buffer | 10 Fig. 53 shows a bl ock diagram of the
Resanpl e and Create Lum nance Channel process. Fig. 54 shows a bl ock

di agram of t h&igcghehsweea tigek diagmepf tteBhameweroedse. or der of pi xel s gener at ed
fromghe receptor. Fig. 56 shows novenent in x or y in rotated and

unr ot at ed spadiég. 27 Fhiqys tpredessusvalted irahigh-pass fikdring atsingle duninanBe pikel with a$ gr een
sub- buf fghe, 15 Fig. 58 shows the relationship between green entries
dependent on rotation.

Fig. 28 shows the transformation in conversion from RGB to CMY.
Fig. 29 shows conversion from RGB to CMY by ftrilinear interpolation.
Fig. 30 shows pixel replication of a single pixel to a 5 x 5 block.
15 Fig. 31 shows a block diagram of the half-toning process.
Fig. 32 shows the process of reformatting dots for the printer.
Fig. 33 shows a block diagram of the image capture unit.
Fig. 35 shows a block diagram of the image access unit.
Fig. 36 shows a block diagram of the image histogram unit.
20 Fig. 37 shows a block diagram of the printed interface.
Fig. 38 shows the block diagram of the Memijet interface.
Fig. 39 shows the generation of AEnable and BEnable pulse widths.
Fig. 40 shows a block diagram of dot count logic.
Fig. 41 shows the interface of the print generator unit.
25 Fig. 42 shows a block diagram of the print generator unit.

Fig. 43 shows a block diagram of the test pattern access unit.



Fig. 59 shows 4 x 4 sanpling of the green channel. Fig. 60 shows 4 x 4
green sanpling type 1. Fig. 61 shows 4 x 4 green sanpling type 2. Fig. 62
shows t havowo2asypes of row addressing for green. 20 Fig. BGr/abowsiothe
addressing of entries in buffer 1's red and bl ue sub-buffers. Fig. 64
shows the first 16 sanples read for calculating first pixel. Fig. 65 shows
the overl appi ng worst case 4 x 4 readigg fromblue and red buffers. Fig.
66 shows a bl ock diagram of the raotate, white bal ance and range expansi on
unit. Fig. 67 'SABROWSEPIoRPgEM ¢BYEe 3rea within the generated coordinate
space. 25 WD 01/20549 PCT/ AUOOY 01075 -7- 1 OVERVIEWOF THE PCP 1.1 H GH
LEVEL FUNCTI O 4o/ aigekizomem ofBedghdCent ral  Processor (PCP) possesses
all the processing power for a Printcam and is specifically designed to be
used in the PFitheeahawsiadiieckdiagrem of thedipinterrelgte: lalforggad Befprmist prgpgect s to an
i mge sensor 1 (for image capture), and a Menjet printer 2 for inmage
printout. |n thg A shewsihgwdemap fipmestasarg dither eeliop astagaered ditheuesit of as
being the translator of inmages fromcapture to printout, as shown in
Figur®e 1: Theid ABgrowsariiesk dibgiag of treNkoBvérhiBgR taseM¥ processhi ch capt ures a 1500
x 1000 RGB imge. The Image Sensor is the image input device. The
Printhead 2 i Figa49shawsla Hapkgiag@00d puffévi@nj et printer capable of printing in
three colors: cyan, nagenta and yellow. The Printhead is the inage output
devi ce. The PEP53shasesbaaia highwgss dpatiatfitenesihg@mge 38emsbr 1, processes it,
and sends the final form 10 of the inmage to the Printhead 2 for printing.
Si nce t he | maddéy. Sesisows dblach ptagraesofithe sREBeramdt. t he Printhead 2 prints in
CWY, the PCP 3 nmust translate fromthe RG color space to the CW color
space. The PCHrig3 52 eidwasitimsstaktureadt Buffee 1r equi rements for the internmedi ate

i mage pro- cessing, including white bal ance, color correction and ganut
mappiong, | MagEFid BAbHENIdtgock dagndiHe Redamplg and Oreaddiumirance CHaBndPER3cess.
controls the user interface and entire print process, providing support
for a variety Faf 54 8@ S vidcR@lagramldithelRvelvelisito contains interfaces to all ow
export and inport of photos, conplying with the DPOF (Digital Print Order

Format) standaidlss sHowsthelortibrrbikéi/gdnelbétidiWike (¢EgtA EW The PCP 3 is

designed to be fabricated using a 0.25 mcron CMOS process, with

appr oxi mat el y ) sgkhdwsPhovbmamdd $6Sfis rotfed Bitunhtdtdd fhacahi ch are flash nenory
or static RAM This leads to an estinmated area of 16mm®2. The esti mat ed

manuf act uri ng gP8Y showste addrdsb8r SHERS irdElBidr 1 gePSdB-LAfbS 2

15 Fig. 58 shows the relationship between green entries dependent on rotation.
Fig. 59 shows 4 x 4 sampling of the green channel.
Fig. 60 shows 4 x 4 green sampling type 1.
Fig. 61 shows 4 x 4 green sampling type 2.
Fig. 62 shows the two types of row addressing for green.

20 Fig. 63 shows the addressing of entries in buffer 1’s red and blue sub-buffers.
Fig. 64 shows the first 16 samples read for calculating first pixel.
Fig. 65 shows the overlapping worst case 4 x 4 reading from blue and red buffers.
Fig. 66 shows a block diagram of the rotate, white balance and range expansion unit.
Fig. 67 shows the active image area within the generated coordinate space.

25



relatively straightforward design, and design effort can be reduced by the
use of datapath conpilation techniques, macrocells, and IP cores. The PCP
3 cont ai w0 0R234A | ow speed CPU m crocontroller core 10 RCHAWBY01®3S of
multi-level Flash nenory (2-bits per cell) 11 A CMOS I nage Sensor
Interface 98 inside an Inage Capture Unit 12 16 KByte Flash nenory for
program storage 13 4 KByte RAM for prggram variable storage 14 The PCP 3

is intended t peed of approximately 100 MHz on 3V

exter nalqu aﬁ)y%{@%’t’qﬁfgﬂ'ﬁégp to mnimze power consunption. The actual
operating frequency will be an integer 25 nultiple of the Printhead
operati dd frehihEVEL FRYICTPNAY QVERVIEWt ended to be a sinple mcro-controller
WO 01/ 20549 PCT/ AUCO 01075 -8 style CPU, running at about 1 MHz. Both the
CPU 10 and CMIBe $entsam dentra iFfrenessot PPCRYmobsessesrati dine proceasping eower doresPrirfdagur e 2
shows a_bl. 1.agr f - bl athan. i ' for
ase i n” B SEsesiiogt 8l 58l e Pt Al cahlls ofim e b ReaiRgss
connect &gentigagensenpersh (fohimadesapiuien rpd mMeaiel enter. 2 fgr imapRpITIYEADteRPOXERENIND
The F@Pp%céssingrptﬁépép_ccah I tr%ghtgﬁﬁéibéi 8 MaRSHtorl & irRadbs iBMtapthf-t6 PlintdRMhEt
printhead 2. The printhead I's used as a page-width printer, producing a
4-inch SN HFEWedd i nage without having to be noved. |Instead, paper 20 is
printedeon as The IMRgESengahi ist @MES iimddeaankol whith capiOmMs al 1506-k JO00EREB indagd.
COMPCSI Tl ON O:h4-| NC% PRI N'I;EEAD 10 h 4-inch printhead 2 consists of 8
segnents, eacH SUGHREMCEIO"S BRMAGE FPPIEeVEfigt h. Each of the segments 21
prints Bi-| evahe @yiatheadadgent inchiuthg Y edddpiivenibisprintee tapmblei of prrtiegin tivae tolodks: t he

page to prod fl St i e. segnents are shown
R gure s, e ragerts B veh LR slieaEhb nhE Pyl G800 i, ° e
22.5m i m di andhePCPatdkespacmage fidn B Inagefensar 1Tbnosessescih ahdbénds theHingldgment

B nal 1o Boihach b I8 rhrRRRTE Bh By SHRRIRE lne Srec TR R dha O ©
0 0 799 1 8ogrelPmdread 2 printsgoy CHMY3 e PGP 3 mugpirapsiategromy thg RfHcatorapepe to the
CMY color space. The PCP 3 contains all of the requirements for the intermediate image pro-
cessing, including white balance, color correction and gamut mapping, image sharpening,
and half toning. In addition, the PCP 3 controls the user interface and entire print process,

providing support for a variety of image formats. The PCP 3 also contains interfaces to allow

export and import of photos, complying with the DPOF (Digital Print Order Format) standard.

1o 1.2 HIGH LEVEL INTERNAL OVERVIEW
The PCP 3 is designed to be fabricated using a 0.25 micron CMOS process, with
approximately 10 million transistors, almost half of which are flash memory or static RAM. This leads to
an estimated area of 16mm?. The estimated manufacturing cost is $4 in the year 2001.' The PCP 3is a
relatively straightforward design, and design effort can be reduced by the use of datapath compilation
techniques, macrocells, and IP cores. The PCP 3 contains:
20 °® A low speed CPU/microcontroller core 10
] 1.5 MBytes of multi-level Flash memory (2-bits per cell) 11
. A CMOS Image Sensor Interface 98 inside an Image Capture Unit 12
. 16 KByte Flash memory for prdgram storage 13
U 4 KByte RAM for program variable storage 14
The PCP 3 is intended to run at a clock speed of approximately 100 MHz on 3V externally
and 1.5V internally to minimize power consumption. The actual operating frequency will be an integer
25

multiple of the Printhead operating frequency. The CPU 10 is intended to be a simple micro-controller



5 4,000 4,799 20 6 4,800 5,599 7 5,600 6,399 Although each segnent 21
produces 800 dots of the final imge, each dot is represented by a

conbi nat ivemon2osd - | evel cyan, magenta, and yell ow i nk. Berpama®owbu@7pri nti ng
is bi-level, the input imge should be dithered or error-diffused for best
results. Each segnment 21 then contains 2400 nozzl es: 800 each of cyan,
magenta, and yellow. A four-inch printghead 2 contains 8 such segnents 21
for a total of 19,200 nozzles. 25 WD 01/2054;W§§g AUCQY 01075 _ -9 2.1.

Gr oupi n§VECRY 2Yieg Aphaut 4 MHzsBgthdbR CRY A0 3Bd LHSUi MRTaTe 42 SPMBE ée"é’ebrrent
21 are guppugesdbrdsor reasons of physical stability as well as mninization
of power consunption during printing. In terns of physical stability, a
total of 10 rrged Bshow8amnfock BRgRABE theCPr EiR®oleab.. | n terms of power
consunption, groupings are nade to enable a |ow speed and a hi gh-speed

printing node. Th5, PEPE3 |B'ab§iéﬁé6&& ude mmm%hssyétws [HiduRd 8 BRbwsRERSHK didgrar brawe
di fferent ower trade- of made in different product

conf i gu?&f)l di‘?gnecl%ﬁ P18 “stwtg‘bpréfﬂcaﬂ}'?a}ﬁ‘quﬁ% mode, 96 nozzles 22 are fired

si mul% aneously from each 4-inch rinthead 2. The fired nozzl es should be
maxi mal Ry di sSPRINTHEADBAGKGRQUND? are fired fromeach segnent. To fire
all 19,200 nozzles, 200 different sets of 96 nozzles nust be fired. In the
hi gh- speed pr iTheiPC§ TisdpeciitO desigaddats c@rtheatrte afd-inard(16icm) Meanet prirdhead 2r Tm each
4-inch [ : . [Weec t,

so 24 nBMT%g Zgér %%? Ir eaaégr\g'ﬁ{h ll% B%g‘!' natg%‘f%‘n@?k g"‘gﬁ"g%“%’(ﬂl %ac\)@é?&e@en 100
di f f er emoveckinstegd. Paper 2A iszprinted 0ﬁ1§'§tt neues paskifie priiead dves shown &Liigwe dn in t he

| ow- speed node is half that of the high-speed node. Note however, that the
ener gy @dnsumG@MPOSITIONQF &INCHRRINTIEAD hence a page, is the sanme in both
cases. In a scenario such as a battery powered Printcam the power

conswpt i on r edh 4-8wk ptirtheadi2abatiss diBesegrments feattosegspateid @ incitin leggth IEacBofl. 1. 1
10 Nozzl . S| ts.0 ' a
cormon 1acePRaR &1ens SISy, RGeRd ohODRIoR drdbiel S GAEH 38 SrnE iRy Y
Each noprodecetbe finabiaee Jhel oesitionp ptthx seameptsyrexshospin figude Bret er  spaced on a
15.875mgrid. Figure 6 shows the arrangenent of a single pod, wth the
nozzl es 22 nifvertiedprinteed &ipnigtstdotstah 46@r dbé reacihdattis 2hSitrniydiaroeter, e $pacesd .

Al t houghs Bhe ngza! ﬂﬁjs%%chaﬁﬁf |f1éhr§‘3m'eﬁ\ dribs 806 Gg@rwnhttn@8rs@érﬁédt?éb?@kﬁbn@ﬁg to
nozzl es 22 and physi cal O placénment of dots on the printed page is

di f f er eRPSHtiOTHe nozzl es 22 fronlone row represent the even dots from one

| ine on the page, _and the nozzles aon the ot her rom1represent the odd dots

fr omy4 he Table 1. Final Image Dots Addressed by Each Segmen
Segment First dot Last dot
0 0 799
1 800 _ 1,599
2 1,600 2,399
3 2,400 3,199
4 3,200 3,999
5 4,000 4,799
20 6 4,800 5,599
7 5,600 6,399

Although each segment 21 produces 800 dots of the final image, each dot is represented by
a combination of bi-level cyan, magenta, and yellow ink. Because the printing is bi-level, the input

image should be dithered or error-diffused for best results.

Each segment 21 then contains 2400 nozzles: 800 each of cyan, magenta, and yellow. A

four-inch printhead 2 contains 8 such segments 21 for a total of 19,200 nozzles.
25



adj acent line on the page. Figure 7 shows the sane pod 23 with the nozzles
22 nunbered according to the order in which they nust be | oaded. The
nozzl es 3Powitdskn a pod 23 are therefore |ogically separaretabyo/etoss wi dt h
of 1 dot. The exact distance between the nozzles 22 will depend on the
properties of the Menjet firing nmechanism The printhead 2 is designed

w th staggered nozzles designed to nat h the flow of paper 20. 25 WO
01/2054 PCIY LKIJOlO g’ Pods Make a Chromapod One pod 23 of
each co M (c é?f‘p"FPa ity ’S/aeﬁ%\}\‘i) are grouped into a chromapod 24. A
chromapod 24 represents dlfferent col or _conponents of the sane hori zont al
set of 10 dot s"eHRZARSIAR bRt single,segmefhel arg grquped ©f MrrsRnsil PRNSEcR! Halibepent
col or delSas?ﬁurﬂﬁﬁMBde mﬂvet’ b@msh«amoatduampraﬁmg]gn tepras aﬁmﬁm staanntql mw \bﬁTQ/
fromonel\/% g g_\‘e % t] fe etls con dtd %
const anf%R TR OF 4 F"\m’%“‘teﬁ’g" aheamﬁﬁsweh%%m en t?émtpéﬁ?%ﬁ’eu %5 o 20tk
when pr lomtspaed ardeehighospsed pinting @ddeby t he cyan nozzles will be for different
| ines than those printed by the magenta or yellow nozzles. The printing
al gord t hm nustThalptinthead@r suppora twapintingl sednoallow differestizpedd/ @waotradatoffs sbe

bet ween gg;nqu@dﬁ(ng%gd%e%nﬁg@a@g%hrmre details). Figure 8 illustrates a

singl e CRFofrapo romapods nake a Podgroup 5 chronmapods 24
are organi zed 0 C c ns 30
noszies 22, edieiaR bl RuBPANC UB sphes d G8 BOGRRIRR ARG 37,
50 yell orintiveag 3. éfse f reliowm:ies shraulsinfere meximallysdisthrswee 112 anz(jmr@ ge fipgict 1hom each

chr omapggsndnt B &M 19,260 nd¥2ies 20b Bktelehsel st bERESIes RBLIWMRGIRgad] acent
chromapods | s exaggerated for cl arity. 2.1.1.4 2 Podgroups neke a

Phasegroup 2 Rﬁﬁﬁrtﬁﬂﬁ%e@@prﬁaﬁﬁg RAbEANLZ ﬁ&zle@b@ afe ﬁéz{ﬂgilnﬁlt%@@&%&h?#@ac%@-m%e

phasegroup 26 is so naned because groups of nozz phasegr oup
are fa r BEnthgamhd- tThR dedsiogzienu?? steud by vaximelly pisignto Baed nozales arefisedefiasy gRsted i n
nor e detgjmenb @b @iall 191260 A2LIEE 100 BifferenBseBAISTIRAPs lQBe AregOdgr oups 25 is
entirely 15 for the purposes of |ow speed and hi gh-speed printing via 2

Podgr oupEnabl ernkipa@ér- coRsUnpiign Indhe fegded friopé | ssrmuf tm |thh@ﬂﬁghC§peéd1ﬁo&éMNote
PodgrouFEnabI I|nes is set in a rﬁl ven fi 50) onlpé one podgroup

of the PRVFT fMELth ﬁSE?%%Q”S“ﬂlﬁdﬁﬂa” AdRe: %%é‘d‘c raipﬁ@‘? r'f'g’he BR8N PR GRS pEnabl e

| ines are set, so both rou s fire nozzl es. Consequent a |l ow speed

print takes W eesca%aﬂpaﬁ abaﬁ%w Qﬂ“’%’ﬁ‘égdmﬁ?m'n‘f‘e Pg‘f"%cf@"i'-l‘i%’“ﬂ’? FVEGTRREEP

print fdicak thesef RS- sﬂsaéwprmorzgzl es at once. Figure 10 illustrates the

conposition of a phasegroup. The di stance between adjacent 20 podgroups is

exagger anad f 0o Nekaies Make aPold 1. 5 2 Phasegroups nake a Firegroup Two

phasegroups (PhasegroupA and PhasegroupB) are organized into a single

firegroup 27,A sihdidpctl F3icoRGEIOOMID nolzleaxshalraeedtmmdni iflrgEeMIS5 AdzziRE @2 3fe

named b%coah%srgwt Qn%y5 g‘rleI in fa}'ncgtr?ert a%hsn%m‘?e 22 produces dots approximately 22.5um in diameter
spaced on a 15.875um grid. Figure 6 shows the arrangement of a single pod, with the nozzles 22

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

Although the nozzles 22 are fired in this order, the relationship of nozzles 22 and physical

20 placement of dots on the printed page is different. The nozzles 22 from one row represent the even
dots from one line on the page, and the nozzles on the other row represent the odd dots from the
adjacent line on the page. Figure 7 shows the same pod 23 with the nozzles 22 numbered according to

the order in which they must be loaded.

The nozzles 22 within a pod 23 are therefore logically separated by the width of 1 dot. The
exact distance between the nozzles 22 will depend on the properties of the Memjet firing mechanism.

The printhead 2 is designed with staggered nozzles designed to match the flow of paper 20.

25



nozzl es 27 simultaneously. Two enable |ines, AEnable and BEnable, allow the
firing of PhasegroupA nozzles and PhasegroupB nozzl es i ndependently as

di f f erentwd n1/203¢9 phases. The arrangenent is shown in Fi gpewALL/N0OTDINR

di stance between adj acent groupings is exaggerated for clarity. 25 WO

01/ 20549 PCT/ AUOCO 01075 -11 2.1.1.6 Nozzle Gouping Sunmary Table 2 is a
summary of the nozzle groupings in a pypnthead. Table 2. Nozzle G oupings
for a SI ngﬁé c head Replication Nozzle Nanme of G ouping
ConpOS|?ro t'19G° r e 22 Base unit 1:1 1 Pod 23 Nozzl es per pod
10:1 10 Chronapod 24 Pods er CWY chromapod 3:1 30 PodgrouB 25 Chr omapods
per podgroup £0ne ppg @3 offAck SYPTHGRN BagEfy P oWre gRRESdFte 8 shromapeg@4d. A
Firegr Oumoﬁermeﬂé:;Mts&igﬂﬁi’nt édldr%@rgmﬁén@ oflth6 8dine Ferigomaltsetok 16u¢steg:rnmm5enper
segnent 1 400 I.nc egnent s, pgr._4-inc nt head

169200 s’ I et R epA GO BRRal R8T RRHte 23 Rheite B e Mo “Eoing s o
total oparkdelRd) and ray egryFom dgnePvemijet dgedgneloianvtbervéee tlitancef is rconmgidendd topbeta al |
of t NeS ol | ﬁrﬁberd&%m.am G LRI [aRh I BétobftiHeR hrindhol Gudy C! @

i nvol¥es oadi n print I nformation t
pri nt ed PaRied Ay theneyag @B@&ﬁueihpe i qrfterw&nee theamqsmwﬁ%bw@erraegeaw ARy at ed

Nozzl| eERgAe’. Phd prinh algﬁﬁrﬁﬁ mugﬁéloW'@IJ]%na&é dis@incd 0§ to MZB%ONIHﬁWS betveen

during t one nozzle) are | oaded

via a s&P °E§f‘seef§b'§¥ﬁ?’t’“‘1’%ﬂ?‘§'l§o bgur E%E‘rsérﬁ‘rews'f‘ﬂ'éf%m@ %°"§ shift registers per
segrrent fge col or 800 long. As bits are shifted into the shift
registe ‘fo %\r?f@?\m 5 ela QFIUR directed to the | ower and upper nozzles

on alternate ses. . Internall each 800- deep sh| ister is conprised
of o 400, el NaRPoos 2e bopates §AG S AOHE o por TS £AF BRI GHES P
t he | owao nnzzmslzeseacw\bdadymtoentbuhk s5mm<&zleh22 t5e dyan) 6@ mhhenta lah @ 601 géliew noresr nal

(o911 e ASnIHenPR, S0 SR FRLARG. W SREAGS RS OE ISR Ghe fIREE 1S

a singl reg régisters

been fub?ly'eeremnt(%@mabwdsﬁmggswfqab'laﬂtbf the bits are transferred |n
parallel to the appropriate Nozzl eEnable bits. This equates to a single
par al | eR-%r4n@fRedgieups makeafhpseasourOnce t he transfer has taken place, the

Print Cycle can begin. The Print Cycle and the Load
2 podgroups 25 are organized into a single phasegroup 26. The phasegroup 26 is so named

because groups of nozzles 23 within a phasegroup are fired simultaneously during a given firing phase
(this is explained in more detail below). The formation of a phasegroup from 2 podgroups 25 is entirely
15 for the purposes of low-speed and high-speed printing via 2 PodgroupEnabile lines.

‘During low-speed printing, only one of the two PodgroupEnable lines is set in a given firing
pulse, so only one podgroup of the two fires nozzles. During high-speed printing, both PodgroupEnable
lines are set, so both podgroups fire nozzles. Consequently a low-speed print takes twice as long as a

high-speed print, since the high-speed print fires twice as many nozzles at once.

Figure 10 illustrates the composition of a phasegroup. The distance between adjacent

20 podgroups is exaggerated for clarity.

21.1.5 2 Phasegroups make a Firegroup

‘ Two phasegroups (PhasegroupA and PhasegroupB) are organized into a single firegroup
27, with 4 firegroups in each segment. Firegroups 27 are so named because they all fire the same
nozzles 27 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 11. The distance between adjacent groupings is exaggerated for clarity.
25



Cycl e can occur sinultaneously as long as the parallel |oad of all

Nozzl eEnabl e bits occurs at the end of the Print Cycle. 2.2.1 Load Cycle
25 The Lowoloyiske is concerned with | oading the printheadPeT/abibd/e10regi sters
with the next Print Cycle's NozzleEnable bits. WO 01/20549 PCT/ AUOO 01075
-12 Each segnent 21 has 3 inputs directly related to the cyan, magenta, and
yellow shift registers. These inputs_are called CDataln, Mataln and
YDat a/ n. Since there are 8 segmants there are a total of 24 col or input
lines p@r-12 i NOFFI®ProHPINERIMMEYi ngl e pul se on the SR ock |ine (shared
between all 8 segnents) transfers the 24 bits into the appropriate shift
registers. Al tTé‘P'ﬁgt'%aB‘EH‘@%%°ftf‘?a?F§ieé¥°L{9I“9§'”tao°”f‘Wéaq ower and upper nozzles
respectively. Si nge ere 19, 20? nozzl e b’@l of 800 pul ses are
required for the tF'%Pﬁ i ?zze oupings forg %‘i‘"tcg PRgteadeen transferred, a
single pulsg on the 5 shafed PTransfer |ine cays anal | rafsfer of
data from t hRamBiof Gréupigs| €r s tocg,ﬁpos@\m,r opri at E‘FﬁeIﬁi@éz%}%'loREnabI'é%, I%ts The

arall el trpans Vi a—a puEse PTHransfer—rmustr—tak ace—=after—te Print
dzzle 22 MHB3se unjt M
Wcleﬁhas eSHEd. O hetwise The Nozzl eEn bits for tthe |ine Degj ng

printed wil]Peb23 ncorrect | NeAfE®eERqd 8 segrmentd 21 HEk | oaded with%a single
SRA ock pul sehromagod@4 nt i NGoqspee MY chestapopr oduce thRd data in the3egrrect

sequence fofp beo ar2|5nt neaJCh%aQ&s%aﬁmbﬁupt he [T rst;,anu ocK pulsgow Il 10
transfer th ) - f-or b Hc —t—Cyete D‘GU‘.C, 84 U5 1664 44001
5897057 \ 2P0

3200, 4000, | 4 5600 UpS Rer phasegrglp - pul s& wi |l |t ransf 1he CwW
bits for theFIFRERUPEY nt th@esmmﬁpelﬁreeme 1601, 2401, 3201, 4664 4801

and 5601. Af segmeB®P1 SRCl of Rirqgmdupe per setree®Tr ansfler pulise can be gioen. It is
I mportant tpg4 ﬂﬁﬁSnﬂtﬁ@aﬁ 2t “vSQ&Her@é’%rQ\(chﬂ phi'\\(P(eéaUt putSg;4al Though RgLeE ¢d

during the safe—Prt+ht yete—do—rot—appear—on—the—sane phySiCa ottt put
lineio T ph of odd and even nozzles within the

pri nt hegé iﬁé?l“"@\?@@%ﬁi‘?‘fon bet ween nozzl es of different coI ors
ensures that wi || roduce dots on different |ines of the e. This
rel ative di ffé%’ﬁ%’é“ fHSEP ieead 2onRIna @ 191alof 1920hr2ird 48iAg ™ Iy t’ VeSS t he
pri nt hedaghg oflap taglt ¢fahesd InBizﬁHsﬁdmpendelﬂt o mesnfa}epﬁcnds be pribtae Acttmvalyb/errivslvés:s

of the itr%‘% et nec riat

defined adlnlg ung ni S%ea%dvqwe |V\BrmaPorBo ?ﬁﬂﬁd thlngt efsfuggeg ?E’rlrﬁ%ﬂlcle

ere ance FWeen Negzl es of
di fferent col

the dis es of he sa
Gl or ! Tl o Feih s R naber Apeelnes Apdal TS Bl nah st yhaheron ilie
t he fir sbzzik wllfireatiringlihb IPent3Zycier Ther NarxizleBodbde Hitsdorssf mar nezkle) eredoabied viaha set of
Pri nwegﬁj géékﬁegspot Yel | ow Li ne Magenta Line Cyan Line 20 1 800Sa N N+D1b
N+2D1 % +1 N+D2c N+D, +D2 N+2D, +D2 3 800S+2 N N+D1 N+2D1

Logically there are 3 shift registers per segment (one per color), each 800 long. As bits are

1(

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 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.
20
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 parallel transfer of
19,200 bits. Once the transfer has taken place, the Print Cycle can begin. The Print Cycle and the Load
Cycle can occur simultaneously as long as the parallel load of all NozzleEnable bits occurs at the end

of the Print Cycle.

2.21 Load Cycle

25
The Load Cycle is concerned with loading the printhead's shift registers with the next Print

Cycle's NozzleEnable bits.



4 800S+3 N+D2 N+D, +D2 N+2D, +D2 a. S = segnent nunber (0-7) b. D, = nunber
of lines between the nozzles of one color and the next (likely = 4-8) c.
D2 = nuniveo ootoshd nes between two rows of nozzles of the spawAvod/@07{|i kely
= 1) 25 And so on for all 800 pul ses. WD 01/ 20549 PCT/ AU00O/ 01075 -13 Data
can be clocked into the printhead at a maxinumrate of 20 MHz, which w |
load the entire data for the next Iin@zin 40s. 2.2.2 Print Cycle A 4-inch
printhead 2 cont al ns 19, 200 nozzl es . To fire themall at once woul d
consune too rhich SEEURE Zrpshd "'It?f"ﬁb‘i’"@ﬁ'&‘t featqdytor Be fyanyfmagsptar @pq ypllo,shift
nozzl e rdistars. amesfwsputscﬁrasmuanawn tmnatamranmg'oaﬁlnmdxes thefecaré 8fsedraghts, 2here

| ow speed de and h- 1S rint, no e nt
mode. "+ REr o o' Do et i A BEHrRkadir PRI Ry Soyrdee RReGncs
equat es betwedr? ath 8 zegmentldransfegntba 24 hits m}o e afpropeigtecaift. regikterst H&erhatg puspeed
Pri Nt MRésterbRClotndibfer kAl upfiRRGS1es Hishbeyfiaf s rg@%ee QrEHQE%J&%eQ%&EPo?BO%h' s

equates to nozz 8 segment I regrou e nozzles to

fired i ﬁ”'aesg?'?éf?ﬂuﬁdrfph @ﬂ'sé% Qe aﬂé?@P &*Pe’éPVB?ee" tmstgrrm Singlér RWRE PR ect

(sel €Tt sdared PPranbfep MPQHSesAAe baranel Gahsfdra® 4ot Bromithe shift r&Yidiérs MOHE |ag§r€br%¢é
(sel ect chi)f 10 nozzl es 22 froma pod 23) 2 bits of PodgroupEnab/e |ines

(sel ect NgZZleEnalp bs. 55 qgr oups 25 to fire) Wen one of the PodgroupEnabI e
lines is set, onIy t he specified Podgroup's 4 nozzles w|l

determi ned by CRMASFIFIERSEIPEYR ahtisenesy Bl atslpremyst WP YT e TRECHEle has

Podgr oupiistadal ©thbiwisesheezzleERdble B Fdt thaf link being pratggdoniiDbe ntdriect i re their
nozzles. For the | ow speed node, two fire pulses are required, wth

]I?odgr oquEna_bI esirce kil 8a8gméhts zewﬁ@dbweltrya SEQIE SRORck ipgbe %pﬁﬁ.dwtuﬁ@ﬁ@ceﬁn?qst one
Ire ul s | S Wt (0] r n 1.on, o

fir g it e lp DR i fhsadlcer b BRI R o Sreriie, o el SRCpp Byl
Phaseyr tramsferdmiCRN it for (nngxtrer Cedle's dai®, 800, 1600, @400 GRRN, HeG0H 48Q0, ard §600The
typi cal Tﬁé‘E&Bh@ﬁR%cl@pLﬁéeeruPtgansi%P!hﬁ‘?;Mvsbué for ﬁenﬂexﬁpnﬁwt cylss ditagd10%e fzébﬂou' se

depends on Vi SCOSI@% e enper at ure’and’ 1 nk
char act 3391569‘85780&@‘15 éﬁfﬁ@ﬂ@ SB@'°E)®W%U%1FT’&W@ pulse £AELGHYSR head. See
Section 2.3 on page 18 for details on feedback fromthe printhead in order
t o conpensat e Ifigimrodafidq ratesthet the pdthens, even CliYeoumEisagtheughiiniBR I oghe same
separ at enhtldy%ré de‘nd?"a%%r ar SIRE sgrh@pﬁysrchur&tml.r%e%& sieX EpaRdtion bNoLR ankilQer? 00
phases of | ow s Pri nt cl e consi st of ghases and 100 B phases,
ef f ect i g@qzipsdyl\mnrf printhead, as weéll as separatlon between nozzles f different colors ensures that

they will produce dots on different lines of the page. This relative difference must be accounted for

15 when loading the data into the printhead. The actual difference in lines depends on the characteristics
of the inkjet mechanism used 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 same color. Table 3 shows the dots transferred to segment n of a printhead on the first 4 pulses.

Table 3. Order of Dots Transferred to a 4-inch Printhead

Pulse Dot Yellow Line Magenta Line | Cyan Line
20 1 800S? N N+D,? N+2D,
2 800S+1 N+D,° N+D,+D, N+2D,+D,
3 800S+2 N N+D, N+2D,
4 800S+3 N+D, N+D,+D, N+2D,+D,

a. S = segment number (0-7)
b. D, = number of lines between the nozzles of one color and the next (likely = 4-8)

c. D, = number of lines between two rows of nozzles of the same color (likely = 1)

25 And so on for all 800 pulses.



100 sets of Phase A and Phase B. Likew se, the 100 phases of a hi gh-speed
print cycle consist of 50 A phases and 50 B phases, effectively giving 50
phases ofw@hass4A and phase B. Figure 12 shows the AEnabl pCrAdoBE0ZD| €
lines during a typical Print Cycle. In a high- speed print there are 50 2s
cycles, while in a |lowspeed print there are 100 2s cycles. 25 For the

hi gh-speed printing node, the firing ojgler is: ChromapodSeI ect O,

Nozzl eSel ect O Pod 0 Phases A and

PCT/ AUCO/ 010752t 437 edﬁ&gﬁ‘zw&d@@|%é‘{‘eaf at Ry BRI Et\gPéo M‘-"%dﬁ? ISUtegItRe 11
( Phases eftiradsta By the nektnioempgdsSel ect 2, Nozzl eSel ect 0, PodgroupEnable 11
(Phases A and B) Chr omapodSel ect 3, Nozzl eSel ect 0, PodgroupEnable 11

( Phases 2A 2And pRht cydidr omapodSel ect 4, Nozzl eSel ect 0, PodgroupEnable 11
(Phases A and B) Chr omapodSel ect 0, Nozzl eSel ect 1, PodgroupEnable 11

(Phases A and ABl lncl$pr|nthead 2%&9“@@?%0@5&52’% T&'ﬁ’rélﬂeﬂﬁﬁﬂa?%ce%vouﬁ%gggu%n a?_lle

11 (Phases A and g Chr onma , zzl eSelect 9, dgr oupEnabl e
( Phases MNCch pewvesaneg¢ pPﬁ@"PWé?fé‘éd’f 19K reft! BRe) nerBlgdnterfeience; ??WQQL@P%WW@“Q

si m | Ar mddes aré a6the®tAGR-spdedtphift rmc@fanaa«a@ﬂ spédeinthiedee Podgr oupEnabl e was
11, two phases of Podgr %gtnabl e = and 10 are substituted as follows:

Chr omapddSel edf 1§l |Tede. @erelfé?iaqoo‘ﬁ‘ﬁﬁ?amﬂéew AOBRieg 9% nazrpsglhis 10
Chr omapodSel e(Hquéles MZmme;ﬁﬁﬁeg&enPadm@amﬁmaﬂnl e 10 (Phases A and B)

Chr omapqdSel e , z Se ec . Podgr oupEnabl e 0 ses, A a
Chr onmapddsel edt e MaRB9SIAREE Bde. Beresit P BN rEePl s A0 SR Bfkpeiie
Chr omapodSel eciqu@es i@z nbzfs| pec segthentPordiyren fiebivai| e 01 (Phases A and B)

Chr omapodSel ect 3, Nozzl eSel ect 9, PodgroupEnabl e 10 (Phases A and B)
Chr omapodSel ecthefpzadsza befed Mglﬁnrmmtgnsewpﬁmé)hmwby(Phases A and B) 15

Chr omapqdSel e ~nNOZ 71 Ena 10 ( Pha A and B) Wen
a nozaxl € 22 fﬁ%s Chr‘fm?pc'?g‘s egtg(fﬁl%d}(ﬂ r?a?g] 'H%BBSSQ{ F(gor?g 'felgfo.ug?'ﬂe nozzle 22
cannot be fi r elbitsiMotzese/edt(wlecef of[10 nbzztm 2Iaasmed md2efl. This limts the

fast est prl nti %Plgoecﬂyrtg%gglg |IR s(ﬁelectt orrbé roup%E‘S to%P%ed print node, the

time to prlnt a |r|nganozzlefromone
I t th t t th d { d
accept abl e, THEGTE G BT HPRHEER=Hidess B oty Bl e inicoeitodgogl f offesin "¢
accept affitesas dg@rniihedl Hyi GhirangppofiSeleat ezl azzIgSeledt. Sphenchothas thedRwdgroupEnple tineskaed | ons
for a | 'SQ? Bcﬁﬁjoftth od ou;g H.ufrhe‘%he.Pr‘EU"szQé‘ Fbrnthe [?%?E&P}’ngdeo ?WC} ﬁ?@%ﬂg&% r%gaTeQOd

23. The perturbat S can interfere wt ano
Wi thin e Ps)Q@fEURﬁﬂéb'QE. 1QCong O uespertyely+ ﬁé the Ihlghg*p@efd megs: [asly qget fiig Mulse frod

shouhgl heupéd, afk PédaRitbEnable = 11.

The duration of the firing pulse is given by the AEnable and BEnable lines, which fire the
PhasegroupA and PhasegroupB nozzles from all firegroups respectively. The typical duration of a firing
pulse is 1.3 - 1.8 us. The duration of a pulse depends on the viscosity of the ink (dependent on
temperature and ink characteristics) and the amount of power available to the printhead. See Section
2.3 on page 18 for details on feedback from the printhead in order to compensate for temperature

change.

20
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 high-speed print cycle consist of 50 A
phases and 50 B phases, effectively giving 50 phases of phase A and phase B.

Figure 12 shows the AEnable and BEnable lines during a typical Print Cycle. In a high- speed

print there are 50 2us cycles, while in a low-speed print there are 100 2us cycles.

25 For the high-speed printing mode, the firing order is:

] ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)



each other as long as possible. W therefore fire three nozzles froma
chromapod 24 (one nozzle 22 per color) and then nove onto the next

chr omapoav@4di/zisshi n t he podgroup 25. 1In the | ow speed prrPat/ango/omae t he
podgroups 25 are fired separately. Thus the 5 chroma- pods 24 within both
podgroups nmust all fire before the first chromapod fires again, totalling
10 25 x 2s cycles. Consequently each ppd 23 is fired once per 20s. WO

01/ 20549 PCT/ AUOCQO 01075 -15 In th i eed printing node, the podgroups
25 are Pired tOERsIaRarSelegh sN"lZH%S%ecéPrr d’%ﬁm“ ble3] (Giasei 4238 B ngl e podgr oup
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i s 300m’l ong napa %‘f%élN%'S?e'%&ﬁd’dﬂrﬁu?%b'ieﬂﬂ (P’?Sasr’éa?be)woom s, the

resonant freqmmap@asélémwuﬁzusé@éuwlpddgroapé%ié11t(m§emand @w speed node
all ows 50 resonant cycle for the acoustic Igu se to danpen, and the high

speed ndde al I%\/%“""Z’Bd$%%‘:6ﬂ-ah'?tzz'6%?%é PWWBEPW 134%heses 2andBler f er ence i s

m ni mal «i N both cases. 2.2.3 Sanple Timng As an exanpl e, consider the
timrMg of printing an_4" x 6" photo in 2 seconds, as is required by

Printcath |n &ERsmaregSeiect ﬁtN%Z'ﬁﬁﬁ%g Redgroupknshigd ! (RhasesiA PRER) pri nt head nust

print 9600 | i mhfontdpodSelédB)NozzIE LD FbdEBubENab@, 19 @thdsed\REnd B) 2 seconds
yields a line time of 200 s. A single Print Cycle and a single 10 Load

Cycl e must botelyr i wsdpelll brittiRg fbdes mtelrmeg orbi&t i96liidr] FIR each pRBIESS BRI hidh PEES S

external to the printhead nust nove er an appropriate ampunt. From
Che  pr | EPALTSE PRETBIPER Ao Fs MYGRREHLR S SBPIRETREAS L1 ATBLR o1 ST Hges o

printhestlows® print an entire line in 200 is. In the | ow speed print node,
96 nozzles 22 fire fi | s ere rinting of an
entire fline W‘.{hﬁqn}?pgﬁéel%cbé,ﬁ]ﬁflg%el fﬂgolaqrﬁgpb%ﬁg'e%a&'@gﬁs ’éﬁl% s to the

pri ntthead 2 (emcdmapbwé{eqnu,lmzlésmoe?ougmg)%blbnnssl?haMam B take place
within the 20 S | in annot exceed
200 s/ 800 = gset"fcﬁ |%°§%]?%eéec?ﬁﬁd9rﬁ3pa%\aﬁ?gﬂgﬁ@ %.é cl ocked at
AMHz. | m addi mhmmapbb&lmarm:gaeselmot%dgmhmﬂﬂa&baombemandfm)l ue (for each
of the 19,200 nozzl es) nust not exceed 200s / 19,200 = 10ns. This requires
a dot generatOr running at one of the follow ng speeds: 100 Mz

genler at png 1 lmht-on(a]bou&)elqms Nn,;ﬂlta&elect ﬁgo%bumaleam |(Pl1ggéhzm§m$8)(E g%:[o\ é)( EEE]VI e
cycle ener in i er_c

PR NTHEAD The COTTRPROSIES egttsee SestmRire BB frfedad®  accunul at ed
fromthe 8 seg}mmmnap))dSél'éw4 NoeﬂMQIHougsu;ﬂreblum@rtaeesaﬁdpM) the timng of
the {4 ring puI Q S ITE f eedback,
the 1caback 1FEmeaprSdRy f At ar g FeliroQan B B Y WaRan ARy Ilnes
Consequently V9henya r%gz e 39 ﬂrr(:)rg' r}tt takzejs' ag'grogmatlem Ogus to refﬂv'l'h%eno];_z e 953 cannot be fired

before this refill time has elapsed. This limits the fastest printing speed to 100us per line. In the high-
speed print mode, the time to print a line is 100us, so the time between firing a nozzle from one line to
the next matches the refill time, making the high-speed print mode acceptable. The low-speed print

mode is slower than this, so is also acceptable.

20 The firing of a nozzle 22 also causes acoustic perturbations for a limited time within the
common ink reservoir of that nozzle's pod 23. The perturbations can interfere with the firing of another
nozzle within the same pod 23. Consequently, the firing of nozzles within a pod should be offset from
each other as long as possible. We therefore fire three nozzles from a chromapod 24 (one nozzle 22
per color) and then move onto the next chromapod 24 within the podgroup 25.

° In the low-speed printing mode the podgroups 25 are fired separately. Thus the 5 chroma-
pods 24 within both podgroups must all fire before the first chromapod fires again, totalling 10

25 x 2us cycles. Consequently each pod 23 is fired once per 20us.



A pul se on the SenseSegSel ect |ine ANDed with data on Cyan enabl es the
sense lines for that segnent. The feedback sense lines will conme fromthe
sel ect ed wegnmasyo until the next 25 SenseSegSel ect pul se. pThvavuheeback
sense lines are as follows: WO 01/20549 PCT/ AUOCO 01075 -16 Tsenseinforns
the controller how hot the printhead is. This allows the controller to
adjust timng of firing pul ses, sinceqdenperature affects the viscosity of
the ink. Vsenseinforms the control|er how much voltage is_available to the
act uat o®. Thi dn e iaRssPesd Printips Moge:| tg PedgralBhpe ALAired Pg?‘“%{- Thustthg 3 cbemg- or
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at the equmimmﬁlfejmoeem'pemtmrbethcﬁeesensure t hat the first section of the
printed photograph has a consistent dot size, the equilibriumtenperature
nust be2 behmpr Thingt i Ng any dots. This is acconplished via a preheat
cycl e. The Preheat cycle involves a single Load Cycle to all nozzles with |

s (i.e. setti mgaalekarﬁmaz:bmderthe tiing@J prinmyancs” RBMpKSto iR setmbs, af islrédidfedbl} Ses
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cont imues equ rrum tenperature IS reac 30 C above

ambi ent ynustTieve ey REPPIGT apProprie pekat node is around 50 nilliseconds, and
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reduce the chances of nozzles becaom n%\ clogged, a cleaning cycle can
under t akEPrBEIOSY 8" BUEHINE M thestrecieddienozzie is be fired a nunber of t| nes
into an absorbent s e. The cl eani ag cycle involves a si ggl e Load Cycle

to all nozzl esThWBP(hg_PtC ck pulses ta e priniaead| 3 (eprhLlack sulse transfeaing 25 Rifs) snust dgfer  of
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15 250ns, indicating that the printhead must be clocked at 4MHz. In addition, the average time to calculate
each bit value (for each of the 19,200 nozzles) must not exceed 200us / 19,200 = 10ns. This requires a

dot generator running at one of the following speeds:

. 100 MHz generating 1 bit (dot) per cycle
° 50 MHz generating 2 bits (dots) per cycle
° 25 MHz generating 4 bits (dots) per cycle
20 2.3 FEEDBACK FROM THE PRINTHEAD
The printhead 2 produces several lines of feedback (accumulated from the 8 segments). The
feedback lines are used to adjust the timing of the firing pulses. Although each segment 21 produces
the same feedback, the feedback from all segments share the same tri-state bus lines. Consequently
only one segment 21 at a time can provide feedback.
A pulse on the SenseSegSelect line ANDed with data on Cyan enables the sense lines for
that segment. The feedback sense lines will come from the selected segment until the next
25

SenseSegSelect pulse. The feedback sense lines are as follows:



firing sequence as a standard Print Cycle. The nunber of tines that each
nozzle 22 is fired depends 25 upon the ink conposition and the tine that
t he printveo ohzis4been idle, as with preheat, the cleani ng BgTAE00/6AZS NO
effect on printer performance. WO 01/20549 PCT/ AUOQ 01075 -17- 2.5

PRI NTHEAD | NTERFACE SUMVARY A single 4-inch printhead 2 has the foll ow ng
connections: Table 4. Four-Inch Printhgad Connections Nane #Pins

Description ChromapodSel ect 3 Sel ect which chromapod will fire (0-4) 5
Nozzl eS8l ect 4septaitiermnie FrBles haw PP PHENGASS Wi '1'% aliops dhe gontgller to adjust

Kgdg[) FUDEnE'bl Qmﬁ’ndﬁ’ﬂf@{gﬁ}ulsbe, sﬁﬁdwn@umréA éffel;(z:lsl'tlga \(.@?gtgmetheﬁnk. 0|1 1]9 11)

napl e Irin ul.se 1.0r egr ou napl e L rin ulse 10

Shasegr dup B CBAPSRTTTS e M Eh o P Yo BrvamPeto pearbriar Tup Slaugdan: s
0-7 :\/Dag al i’l[(8bo$t]'ollll8rtNB@‘ﬁnSHnaatéfqbulflattb@tte‘mgﬂ?gra/oﬂdigefs‘ourrcegy adjestingthe paiggwiaths 0- 7
YDat al n[ 0- 7 e i st er

SROL ock® A preeEsaoradit ot el e onrs Bes el e aVEI Pedler Tis - 10
ues fr om CDat allofihe kontiubatta bdjid thé] pulsadndﬂﬁatbarhm{tﬂn @ Jcomsteind enengy irr@spestivie fof
regishers. PTrﬁé]ﬁ‘%ﬁo ?]sisﬁ‘;]{xal l el transfer of data fromthe shift registers

to the interna nabl e bits (one per nozzle). SenseSegSelect 1 A
pul se ort Sensd®eggSeihfouns theitendrolidr othelwidth o theCiicabanafiihe hgateiewhich mAxvanewrs e

lines for segngitsefyue éqmraéml%ﬁ@%{cﬁ.w&&.ﬁ&@@n.sgﬁmﬁe %oMfahérag%d,ﬁanﬁee
Rsense 1 Resi st|V|W13/rLsense Wense 1"Wdth sense Logic G\ND 1 Logic

ground Logi c PPRR RprPrip6er V- Bus Actuator Ground V+ bars Act uat or
Power TOTAL 44 Internal to the 4-inch printhead, each segnent has the
fol | owi Rt conSEEEIMBRYCLES t he bond 20 pads: Table 5. Four-Inch Printhead
I nternal Segnent Connections
2.41 Preheat Cycle
10
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 equilibrium temperature

must be met before printing any dots. This is accomplished via a preheat cycle.

The Preheat cycle involves a single Load Cycle to all nozzles with 1s (i.e. setting all nozzles
to fire), and a number of short firing pulses to each nozzle. The duration of the pulse must be
insufficient to fire the drops, but enough to heat up the ink. Altogether about 200 pulses for each nozzle

15 are required, cycling through in the same sequence as a standard Print Cycle.

Feedback during the Preheat mode is provided by Tsense, and continues until equilibrium
temperature is reached (about 30° C above ambient). The duration of the Preheat mode is around 50

milliseconds, and depends on the ink composition.

Preheat is performed before each print job. This does not affect printer performance, as it is

done while the page data is transferred to the printer.

20 242 Cleaning Cycle

In order to reduce the chances of nozzles becoming clogged, a cleaning cycle can be

undertaken before each print job. Each nozzle is be fired a number of times into an absorbent 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 22 is fired depends

25 upon the ink composition and the time that the printer has been idle, as with preheat, the cleaning cycle

has no effect on printer performance.



Nanme #Pins Description

Sel ect

Nozzl eSel ect 4 Sel ect which nozzle fromthe pod wll
Podgr oup®ve o22@Emabl e t he podgroups to fire (choice of:

Chromapod- 3 Sel ect which chromapod wi ||

AEnable 1 Firing pul se for phasegroup A BEnable 1 Firing pul se for

phasegroup B WD 01/ 20549 PCT/ AUCO 01075
| nt er nal

to cyan
YDat al n

MDat al n

Segrrent Connecti ons
shift q_l ster
25 vel PG

SRCl ock (ShiftRegisterC ock) ' .
MDat al n and YDasiegied-ingh printhead 3 hay thetfollowigp senmestioneTr ansfer 1 Paral | el

transfer

of data fromthe shift

Name #Pi ps_Description
1 Magent a input to nmagenta shift

| oads the current values from 5 CbDatal n,

registers to the internal

Nozzl| eEnabl e

bits (one per nozZpRlg4 @éﬁé‘@e”gi"“leaﬂ%ﬂpg‘éi%ﬁ SenseSeqgSel ect ANDed with

data on
Tenper a

Wsense
V- 215 A
for all
dealt o

t hat of
there ar
sensor,

| evel p
st eps:

10

15

20

25

fire (0-4)
fire (0-9)
Olpc1Apoddin7s abl e 25

-18 Table S. Four-Inch Printhead
CDataln 1 Cyan i nput
regi ster

l"ﬁ’b%lNTF@:‘\FéIsW‘&ﬁ ft register SROock 1 A pulse on

Chat al].n_sel ect 3 Sel ect sense |i ne f QL id his segnent. Tsense 1
ure s \/seh qs Mol t age sense SEARtO i ot i vi ty sense
1 ChvorepodSeleste 1)3Log| C wtwhle@gv@n@qoéwtfre O)i c PWR 1 Logic poler
CNo2deBeletd ound | ¥+ 21 |Agdiettivbith howefroh@ebodokill (r6%0-9) 8 segments + 520
| Podgrc Eﬁdble S 1 }f‘i I Eriapte thepot mlfgﬂ..ﬁfo fFée(crﬁbuc%Vdf Q’HELQS%[T Olnf\l“av P
T LII\.: ||| dllba TC, VAU L \/I ormrc T oTrar oy P -
ﬁg?ﬁﬂ'%a CEA i mhges ta %nwis(gtfq; pﬁ?segf?f’?)ﬁt print formats In fa bt
BEmebleunber of Sfeps |i ke pulse forphasskiongBan i mage from the i mage
gbdtapoerjuci ng ashi gh [ocianlinpyt ey anEhifEgister. of Yégnteals 0-br eak the hilgh
PREERIGHL T« 0| 10 |HEGSRRShA RGeS shR Fagbielct (hofheRRBAFT O |
YDatgln[O 7] R " Yellow input to yellow shift register of segments 0-7
SRClock 1 A pulse on SRClock (ShiftRegisterClock) loads the current val-
ues from CDataln[0-7], MDataln[0-7] and YDataln[0-7] into the
24 shift registers.
PTransfer 1 Parallel transfer of data from the shift registers to the internal
NozzleEnable bits (one per nozzle).
SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data on CDatain[n]
selects the sense lines for segment n.
Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense
Wsense 1 Width sense
Logic GND 1 Logic ground
Logic PWR 1 Logic power
V- Bus Actuator Ground
V+ bars Actuator Power
TOTAL 44
Internal to the 4-inch printhead, each segment has the following connections to the bond
pads:
Table 5. Four-Inch Printhead Internal Segment Connections
Name #Pins Description
Chromapod- | 3 Select which chromapod will fire (0-4)
Select
NozzleSelect | 4 Select which nozzle from the pod will fire (0-9)
PodgroupEn- | 2 Enable the podgroups to fire (choice of: 01, 10, 11)
able
AEnable 1 Firing pulse for phasegroup A
BEnable 1 Firing pulse for phasegroup B




Print Chain The Image Capture Chain is concerned with capturing the inmage
fromthe I mage Sensor and 20 storing it
Print Chaveoi/goseoncerned with taking the stored i mage andpCpAUNG/O10CS it .
These two chains map onto the basic Printcamfunctionality as follows:

|l ocally within the Printcam The

Take&Print = Image Capture Chain followed by Print Chain Reprint = Print
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IMAGE PROCESSING CHAINS

The previous sections have dealt only with the highest level overview of the PCP functionality

- that of map‘ping CFA images to a variety of output print formats. In fact, there are a number of steps

involved in taking an image from the image sensor, and producing a high quality output print. We can

break the high level process into two image processing chains, each with a number of steps:

° Print Chain

Image Capture Chain

The Image Capture Chain is concerned with capturing the image from the Image Sensor and

storing it locally within the Printcam. The Print Chain is concerned with taking the stored image and

printing it. These two chains map onto the basic Printcam functionality as follows:

U Take&Print = Image Capture Chain followed by Print Chain

Reprint = Print Chain

For example, a user may print a thumbnail image (Take&Print), and if happy with the results,

print several standard copies (Reprint).

This chapter describes an implementation independent image processing chain that meets

the quality requirements of Printcam. At this stage, we are not considering exactly how the processing



only need to be performed during inmage capture. The Inmage Capture Chain is
illustrated in Figure 14, 20 with subsequent sections detailing the

sub- conpovent/sns48. 1. 1 1 nage Sensor 1 The input inmage comeBCT/ADN/@075 mage
sensor 1. Although a variety of inmage sensors are available, we only
consider the Bayer color filter array (CFA). The Bayer CFA has a nunber of
attributes which are defined here. 25_Jye image captured by the CMOS sensor
1 (via a tgki ng .| ens% ;s ‘?ssugld to h%ve been squi ciently filtered so as
to rempPLeHACRI BTG PG AL ratheh WhRIdRW, Pe [dpRgs ThesefunclipnsBIRE OF M2RPPD of
3: 2, WDohktd theGaddusiiold vitldhe@POPS5 -20 with a resolution of 1500 x 1000
sanples. The nost likely pixel arrangenent is the Bayer color filter array
(CFA), Wi th eaeardiess §ithePCB Infpldtnentation) grRek ar8 adumGerBds@istaims: Shown in Figure

15: Each contqne.sanpl e of G or responding to red, green, and

bl ue reSpecti %?W“ﬂg‘agi'ﬁﬁﬁ@asi‘g@@g’f’%% é’ﬁﬁ&?'pi xel of the npsaic contains
i nf or mabki on almeoudl ihagn R fe@fa MRemjet printheBd (Hefvelngatse 160 dgi)ie CMYSSldngpawe| or

i nformation nusé.bag mag,!ef beforte th(zl i, mage can be printed out. 5 The CFA is
consi%ered t o PV NESHREOUPHTY 8“@5 e8MiPhoi se (FPN) suppr essi on.

3.1.2 Linearize RGB 40 The image sensor 40 is unlikely to have a

conpl et 0y | i gueporteddhE@rmathier ef ore the 10-bit RGB sanples fromthe CFA
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by anot hgrjfm_o[énl"g% Z;et_he_di_f_f_%ﬁ(ém —color S Zioagg M ? #th each
other. | Au®Ra! 3mgb28r ocessi np?sy8%ms, ah®#efd%aved f oPrat is highly

useful. However in the Printcam processing system the algorithns are nore
efficient if vibelmnagy sensopHessanot ROEde drieptatiorainforeation.filigeput enageseare lsattured st been
separ at g s%me (Pes'oruﬁorpﬂ HHL %HO),%% Hay neddto b8 Fothtdd S0 Qégr?é;m%ﬁg:ﬁinﬁﬁ( éJ S‘Fb

there are 3 separate inages: one |hmge contalning on ere , one
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col or which were aét llj(ally sanpled. No resanpling is perfornmed during 20 the
pl anari ZPAY'S5°08UEEOKNEe, result, the R G and B planes are not registered
W th ea%h othfr, a&gl the Gplane is twice as large as either the Ror B

pl anes. 3fhe pMNAGE '?Té’REF%WTJ in Figure 17.

The Image Capture Chain is responsible for taking an image from the Image Sensor and

storing it locally within the Printcam. The Image Capture Chain involves a number of processes that
only need to be performed during image capture. The Image Capture Chain is illustrated in Figure 14,

20 with subsequent sections detailing the sub-components.

3.11 Image Sensor 1

The input image comes from an image sensor 1. Although a variety of image sensors are
available, we only consider the Bayer color filter array (CFA). The Bayer CFA has a number of

attributes which are defined here.

05 The image captured by the CMOS sensor 1 (via a taking lens) is assumed to have been

sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect ratio of 3:2,



The actual process is quite sinple - depending on the color of the pixels
read in, the output pixels are sent to the next position in the

appropri ave@eovzisey plane's inage (therefore in the sanme orPCPAUAM/OION as t he
CFA). The red 45 and blue 47 planar inmages are exactly one quarter of the
size of the original CFA 25 imge. They are exactly half the resolution in
each dinension. The red and bl ue imageggare therefore 750 x 500 pixels
each, with the red jm I|citI offset fromthe blue im by one pixe
in CFA Withacesoufishef 3?08001(9? FAMRSR ﬁh? mestikehy @ixg! AfTanasRgns frsthe aﬁ)’%ff"ﬁbﬁ%
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"Resdnpl e 64"ThercApdgeoniBerbe topaffornbadeqilatd s patdn homgEPHNLsUppelsierol or pl ane
of the linearized RGB inage is witten to nmenory for tenporary storage.
The memgrys sheiledrikerEéBagh 11 so that the image is retained after the power
has been shut off. The total amount of nmenory required for_the planarized
| i near RGB i mel§& imagesegeny 46 douiirhe ha(’%ﬁr?P@R'Pﬁ‘?b{t"é?if respgnagRYhespfPrgripR H0-bik
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printer 2. An caII prlnted s been c [
al t hough it c;f tﬁ%é}éR@ 55100t Plq index '"%“Pen ﬁ?d géa(?é?ﬁt“{’}% g pixelg oy (ngar e a
nunbey oOfiesstt, 85ete. emierx irédithie IG drideB tabiag) ThBriocobgidtelyindép@ndent af the orientation piiteeluce
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pr int CHAMore ot R 205 B ok JRGERpr s, Rl iy dBh bRLBTaT |
t he ori &idfal 8-bitmafke Taptuptablespadieerefore reduire e datal OSQKtheaS'S % Zfébm) , the
second is an internediate resolution 51 (lines of 1280 continuous tone

pi xel s) 3 4@d PhmafitdREB 41 €sol ution is the printer resolution 52, with Iines
of 6400 bi-level dots. 3.2.1 Input |Inage

The pixels obtained from the CFA have their color planes interleaved due to the nature of the

Bayer mosaic of pixels. By this we mean that on even horizontal lines, one red pixel is followed by a

15 green pixel and then by another red pixel - the different color planes are interleaved with each other. In
some image processing systems, an interleaved format is highly useful. However in the Printcam

processing system, the algorithms are more efficient if working on planar RGB.

A planarized image is one that has been separated into its component colors. In the case of
the CFA RGB image, there are 3 separate images: one image containing only the red pixels, one image
containing only the blue pixels, and one image containing only the green pixels. Note that each plane
only represents the pixels of that color which were actually sampled. No resampling is performed during

20 the planarizing process. As a result, the R, G and B planes are not registered with each other, and the

G plane is twice as large as either the R or B planes. The process is shown in Figure 17.

The actual process is quite simple - depending on the color of the pixels read in, the output
pixels are sent to the next position in the appropriate color plane’s image (therefore in the same

orientation as the CFA).

The red 45 and blue 47 planar images are exactly one quarter of the size of the original CFA
25 image. They are exactly half the resolution in each dimension. The red and blue images are therefore
750 x 500 pixels each, with the red image implicitly offset from the blue image by one pixel in CFA

space (1500 x 1000) in both the x and y-dimensions.



20 The input image is a linearized RGB inmage 42 stored in planar form as
stored by the Image Capture Chain described in Section 3.1.4. 3.2.2 Gather
Statisti og0602084nunber of statistics regarding the entirepCvageo/oieel to be
gat hered before processes |like white balance and range expansi on can be
performed. These statistics only need to be gathered once for all prints
of a particular captured imge 42, andofan be gat hered separatel y fromthe
red, green, b ue | anar es. 01/ PCT/
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illustrated by the follow ng pseudocode: 55 ntry[l] =0
10 EndF&f#’ @cﬂagP?§<%?'°"9 | mageStart to IrrageEnd p = Irrage[ Pi xel ] Entry[p] =
Entry§ p]+1 EndFor 3.2.2.2 Deternmine High and Low Threshol ds 15 Once the

hi st ogr drhdhas Sbwedintagester uct ed for the color plane, it can be used to
determine a high and | ow threshold. These threshol ds can be used for

aut omat i ng | atEach wblot marieadf divclmeanzed R@Bgimage ispaitten ¢mmdmmiyrfg' terporary istorage.

Process @ﬁmﬁhﬁ% shé}ﬁ‘dﬁ I &hﬂ's‘éﬁha‘?h iSoe 1Y Rfead h $v§erﬁ£<ﬁ69re Pﬁutm’fSt ogram

we consi er t est i xel's to be expen and t ore equal. In

the same vay, \g, ﬁ%%‘oﬂ'ﬁ%{ﬁw@ Fﬁ%#lr%ﬁﬁé plafdri5& |ﬁ18£ R err?ﬁégou?é%@ ?s will

t herefore equal. e exac n 1S expec
depend apPOKimatiA - MBparanged Afiobawser i st i cs. 20 The process of det er m ni ng

the n% dar kestr.v3h Weso L5750 Bjtght forward. It involves stepping
10

] B: 750 x 500 =375,000 bytes
L G: 750 x 1000 =750,000 bytes
3.2 PRINT CHAIN

The Print Chain is concerned with taking an existing image from memory 42 and printing it to
a Memjet printer 2. An image is typically printed as soon as it has been captured, although it can also

be reprinted (i.e. without recapture).
15

There are a number of steps required in the image processing chain in order to produce high
quality prints from CFA captured images. Figure 18 illustrates the Print Chain. The chain is divided into
3 working resolutions. The first is the original image capture space 50 (the same space as the CFA),
the second is an intermediate resolution 51 (lines of 1280 continuous tone pixels), and the final

resolution is the printer resolution 52, with lines of 6400 bi-level dots.

3.21 Input Image

20
The input image is a linearized RGB image 42 stored in planar form, as stored by the Image

Capture Chain described in Section 3.1.4.

3.2.2 Gather Statistics 60

A number of statistics regarding the entire image need to be gathered before processes like
white balance and range expansion can be performed. These statistics only need to be gathered once
for all prints of a particular captured image 42, and can be gathered separately from the red, green, and

25 .
blue planar images.



t hrough the color plane's histogramfromthe count for O upwards (i.e. O,

1, 2, 3 etc.) until the n%total is reached or we have travelled further
than a savoanzsmt from 0. The hi ghest of these val ues is pcoagh@ened t he

| ow t hreshol d of the color plane. Although there is a difference between

t hese darkest values, the difference can be considered expendable for the
purposes of range expansion and col or _,pal ancing. 25 The process of
determning the n%lightest values is simlar. It involves stepping through
the coP8rb BHid E"sﬁ‘?gg?'agr am fromthe count for 255 downwards (i.e. 255,
254, 253 etc.)_until the n%total is WO 01/20549 PCT/ AUOO 01075 -23
reached or untThf fitgkstensis & Ruild Bistogr@meferraaria B-bit Malve of theselonpighf Fagh BRP 24800 The
| owest @QFAlh®reonaintig@fotaisf: consi dered the high threshold of the color

pl ane. Althou ere |s a difference betwen these |ightest values, the
di fferefce ca%gﬁ'ég%ﬁﬂglxa'é?@a1%’)?%8?1’5'2?6["@“1’ ? the purposes of range expansion
and col er bal3as00009ue gikeés (M 8Dt dodnteSlequlizdng after a set distance fromO

or 255 is to sate for t types of 5 images: where the original
dynarfi c°r ange%?’érB&g%Ferb‘?'xe?s Wb\i\?oéb'%/‘ﬁg?tg”ﬂu"ﬁf} white or black in an inmage In
these two cases, we don't want to consider the entire n% of upper and | ower
val ues to be T8RISEFRABNYe 2967620 Ridatle Pdeqired iR hold{bePi#tBIBBgi n with. W can
safely set the high 73 and |ow 72 thresholds to be outside the range of

pi xel “val ues d&eParseys §hhyieg therhistogieat s siiaightierwardyes [llugieiehby 818 olenacrA,
but wi | psda@odode: constants. 10 A sanple color range for a color plane is
shown in Figure 19. Note that although the entire 0- 255 range is possible
for an i nage ctotorptane s pixets,this partitcolar—Tmage tas a smal | er
range. Note &Psd 1Rat® the same n% hi stogramrange 70, 71 is represented by
a larger range Emwb® +ow end 70 than in the high end 71. This is because
t he {0 st ogramggasst contain nore pixels with high values closer together
conpared to the |ow end. The high 73 and |ow 72 thresholds nust be

det ermi ned fof “eath col B plrane i narvidual ly. This 15 information will be
used to cal cul abpe FeasgéPisedl e and offset factors to be used in the later
whi te bal ance angdyi@ngenexpansi on process. The foll owi ng pseudocode
illustrates the process of determning either of the two thresholds (to

find the Iowt%rFeshoId, StartPosition = 255, and Delta = 1. To find the

hi gh threshold, StartPosition = o and Delta = -1). The pseudocode assunes
t hat Th?ﬁi | BetePmind Fﬁg'pérhj LN HEeddifds W aps during addition. 20 Threshold
= StartPo&rtion . Total s

15 Once the histogram has been constructed for the color plane, it can be used to determine a

high and low threshold. These thresholds can be used for automating later white balance and range

expansion during the print process.

Basing the thresholds on the number of pixels from the histogram, we consider the n%
darkest pixels to be expendable and therefore equal. In the same way, we consider the n% lightest
pixels to be expendable and therefore equal. The exact value for n is expected to be about 5%, but will

depend on the CFA response characteristics.
20

The process of determining the n% darkest values is straightforward. It involves stepping
through the color plane’s histogram from the count for 0 upwards (i.e. 0, 1, 2, 3 etc.) until the n% total is
reached or we have travelled further than a set amount from 0. The highest of these values is
considered the low threshold of the color plane. Although there is a difference between these darkest
values, the difference can be considered expendable for the purposes of range expansion and color

balancing.

25 The process of determining the n% lightest values is similar. It involves stepping through the

color plane’s histogram from the count for 255 downwards (i.e. 255, 254, 253 etc.) until the n% total is



TotalDelta = 0 Wiile ((Total Delta < MaxDelta) AND (Total < MaxPixels))
Threshold = Threshold + Delta Total = Total + Entry[Threshold] TotalDelta
= Tot al Davo a1/20529 EndWhil e 25 Return Threshol d WO 01/ 20548CPATHI@B 01075
-24- 3.2.3 Rotate Image 61 Rotation of the inmage 61 is an optional step on
both the Capture and Print and Reprint processes. Different print formats
require the imge to be rotated eitherzg) or 90 degrees reI ative to the CFA
orientation, as shown in g(?l 3h The rotati on anount gends on

current I’%PCE@\ @dt"&'d”ep'tﬁvﬁt"a"% tthang SHATPH o8 eROr &g ORI thess %ﬁ"l'eéds is
uni npor iceisidetedtthekigh ibeestdld okie selorgilaneoMithoagh: thére ikaliferesdeieeveieh thedeightest

Ot S0t PAREM, b kel 51 b bR DS BRI A b o 50 o
Tabl e 7bslemigri zes the rotation required for each print fornmat from t he
original CFA orientation. Table 7. Rotations from CFA orientation for Print
Formats Pri ntTheoeasan foRetbpgingafteSa aetdtiatahc8Gor®® or 285 Bas sqmipensadd fob Bvo tRssof am ¢
33 90 T nail 32 0 Since we are rotating only by O or 90 degrees, no
inforfration is lost during the rotation process. For a rotation of 0, the
i mage can be rvee thewidinal dwpamicaarpefiplowaorr ot ati on of 90, the image can be
read col,um bXNrféFHtHEPausrB%nt@toFﬁtééqu?im a%ge 3 col or planes nust take the

rotation direction Into. account 4 Wite Bal ance 62 and Range

Expansi on 63 %g{%?é BB g&l} Pér?ﬂ[ﬂéﬁmot%ﬁﬁ&r e éngr%%'% J)f'quér and IO%P%{IJJSQ(F%&

Even the very notion o condi tions
subj ect iespengablesin¢e wh hees miovofanshd@ @gwpﬁérwarmn salsjyeset thﬁraltlgfe??» angHiowel2r |

inall gRsdsids tot& &twmeqsé rahgd éflixePfalds BRGAIQ LAY, iThe bkdctiibBRdetsl fpehd Gt

either fromalig ource (such as the sun or indoor lighting), or its
own Ilgl‘ﬁe‘%ﬁs”uewv‘é&beatwﬂé?ﬂ?taé‘fsgn) 20 In rmst lighting conditions, what rmay
appear to the photographer as "white" lig is usually far from whi t e.
| ndoor 1ighti rfgswe QieaFRFPR for B GRipRkINeys ?ngyn i jgure b%’NNeé?stt'at alihryob Heenire O ow

cast W kb5 apgeripossible for an image color plane’s pixels, this particular image has a smaller range. Note
also that the same n% histogram range 70, 71 is represented by a larger range in the low end 70 than
in the high end 71. This is because the histogram must contain more pixels with high values closer

together compared to the low end.

The high 73 and low 72 thresholds must be determined for each color plane individually. This

information will be used to calculate range scale and offset factors to be used in the later white balance

15
and range expansion process.
The following pseudocode illustrates the process of determining either of the two thresholds
(to find the low threshold, startPosition = 255, and Delta = 1. To find the high threshold,
StartPosition = 0andDelta = -1). The pseudocode assumes that Threshold is an 8-bit value that
wraps during addition.
20 Threshold = StartPosition

Total = 0

TotalDelta = 0

While ((TotalDelta < MaxDelta) AND (Total < MaxPixels))
Threshold = Threshold + Delta
Total = Total + Entry[Threshold]
TotalDelta = TotalDelta + 1

EndWhile

25 Return Threshold




on an uncorrected photograph. To nost people, the yellow cast on the final
uncorrected photograph is wong. Although it may match the vi ew ng

condi ti owsoat2asike time the photograph was taken, it does POT/AUDEOIONS t he
perceived color of the object. It is therefore crucial to performwhite

bal ance on a photograph before printing it out. In the sane way, an inage
can be perceived to be of higher qualijy when the dynamc range 25 of the
colors is expanded to match the full range in each color plane. This is
particuPg? y [Fo#eimag86do pefore an image is resanpled to a higher
resolution. If_the dynami c range is higher, internedi ate val ues WO 01/ 20549
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Statistics". These val ues (LowThr eshol d and RangeScal eFactor) w Il be
different for eachaﬂehonotai.afsefrormndmnhmmmrbantlttﬁrrﬁaﬂ cul ated once per

i mge. Bot h tasks—can—be—undertaken—sinuttaneousty;—as—shown in Figure 20:
Since this step| i nvdirineBomanascal i ng procesRotatwncan be |lefft with sone
fractional corrppglgmardgb the mappg@l val ue e.g. the value|l2 may map to

5. 2510 Rat her thh'bla ar uﬂlu the—fragttona—conponent—we—pass a 10 bit
result (8 bits ?‘:\nnr 2 of fraction) on to the nextlstage of the inage
processi ng chai npa“PB’%3%annot af#drd the nemory to storé the entire i mage
at nore than 8-pThumbnbild2 we can pake good use of the higher resolution in
the resanpling stage. Consequently the Tnput Tmage 1s 8-bits, and the

output image é\ﬂ:é_\ﬂé)aﬂal rb@tifeénIE BY OTor @O%?ﬂé@@tno infofndtiod isCRSt dmmg;&ﬁsrotaﬁors hown
in Figure 21. apt to have oor subtraction
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255. 452 5 Resanpl e 64 The CFA only provides a single col or conponent
per p| xel (x, coor di nat e. roduce the final printed i nage we need to
have t h&2d he ’E‘SI%P"&B%B%R?“‘@@E"B@%S'%H 6%ach pixel. Utimtely we need

cyan, magenta, and yellow col or conponents at each pixel, but to arrive at
cyan, nmgent a, ‘A mw |i$)§@¢ldom taken in ideal lighting conditions. Even the 'very notion of “perfect

lighting conditions” is fraught with subjectivity, both in terms of photographer and subject matter.
However, in all cases, the subject matter of a photograph is illuminated by light either from a light

source (such as the sun or indoor lighting), or its own light (such as a neon sign).

20 In most lighting conditions, what may appear to the photographer as “white” light, is usually
far from white. Indoor lighting for example, typically has a yellow cast, and this yellow cast will appear
on an uncorrected photograph. To most people, the yellow cast on the final uncorrected photograph is
wrong. Although it may match the viewing conditions at the time the photograph was taken, it does not
match the perceived color of the object. It is therefore crucial to perform white balance on a photograph

before printing it out.

In the same way, an image can be perceived to be of higher quality when the dynamic range
25 of the colors is expanded to match the full range in each color plane. This is particularly useful to do

before an image is resampled to a higher resolution. If the dynamic range is higher, intermediate values
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| ated val ue per cycle as well as perform ng sharpeni ng and col or
conversion, all on an aver- age of a single cycle. The sharpening kernel
nmust be | arge Rxnge@:b/et—'ant«appdu}d tiehlienitel fo & aximice valed totreduch ehelrisk) bi-axpandingaigee .
vor se SHn%;.Ja too!rQ" mer%{aﬁe&{é% ulali Lo?vﬁ%%ﬁ /5’972@% %%8\35332% VS atisi@P trhady ©

t he mut pu Cont al ni A nunb entr I'nes) since on a
singl e vepmeism-memséoldtah@Re@g&ﬁcaléﬂiﬁg@ﬁtval! b%lwﬁerylélfwmcfojml@r plangr ansicanty nged & f r om
6 di ff epeplicdidtéttshee Dol of these cases take into account the fact that
the final print output is bilevel rather 15 than contone. Consequently we
can strike a @oﬂﬁ%ﬁogéﬁb@%d\%é@néﬁﬂﬁé%uw ak SR FigGre 28Nd achi eve the

best from both The solution i1s to interpolate to an internediate

resol ution. Eﬁ?rfog\;\?lgé Qgp W&e@%‘s@élm%%%‘é@éé!ug'&an B’eclﬁwvnﬁ&onﬁ ciHaPEdRdh&t s

resol ution, a scale-u rint resolution. The I nternedi ate

resol ut ﬂ‘@rﬁ“ad?ﬂgfi vale . %Weéﬁlﬁaéﬁ mep Map o2 Rathgidbrdiscgeithefraciens ?O”Ei}?a?’ﬁé’\’ﬁ ng
kernel ghse RWh G bitsCHh Wé@;éﬁ Iz(bmfraduah)nﬁ to Ea@tneitfwagb rat 0k RsiedrReshghbihi On

must e hi hen h so that there is no i scal i gtothe
1 P ot ST ek o sladne e Brase BF aradanheiteyu wd e 1% 4904 i ¢
was a 2the hnp@éregmmtumupoieaéqamplmgjstédmeCmslemgan@einptm nmage_( is 8tbhe rand hiemutpm) .
Si nce t angEQHO-BiEBp%?cdloﬁ' cgrlrfmf)&teﬁtqﬂ?eslo&gaqgrog&s isdéhtoaﬁ‘\ {nef-qgtpéi{evel dots, it can

be safely
It is important to have a floor of 0 during the subtraction so that all values below
LowThreshold 72 to be mapped to 0. Likewise, the multiplication must have a ceiling of 255 for the

integer portion of the result so that input values higher than HighThreshold 73 will be mapped to 255.

20 3.25 Resample 64

The CFA only provides a single color component per pixel (x,y) coordinate. To produce the
final printed image we need to have the other color component values at each pixel. Ultimately we need
cyan, magenta, and yellow color components at each pixel, but to arrive at cyan, magenta, and yellow
we need red, green and blue. With our one-color-per-pixel, we may have the red component for a
particular position, but we need to estimate blue and green. Or we may have green, and need to

estimate red and blue.

25
Even if we did have the full red, green, and blue color components for each CFA resolution

pixel, the CFA resolution image is not the final output resolution. In addition, although the output format



represented by a 320 dpi contone i mage. Consequently an internedi ate

resol ution of 1280 contone pixels provides no perceived |oss of quality
over 640Gvoont/swel dots. The later scaling from 1280 t o 6BODAUNGOONETr ef Or e
an exact scaling ratio of 1:5. To decide how best to resanple, it is best
to consider each color plane in relation to the CFA 25 resolution. This is
shown in Figure 22 for a rotation of 0O;g WO 01/20549 PCT/ALKIYOlO?S -27-
3.2.5.1 Red 45 and Blue 47 Looking at th | anes

Puli A et e o of s pived oD pbelopt Gilachee AT opReRls atd el ) il g
up the tenkistheafis hargidreddqoidosl s i n each di nension by 2. The internediate
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on whet her t héatedwalue neasydseasrvell gs aedaiming starpeningmdelgr easwersigraall en en sYRIWS
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rotation of 90 d glrees IS anti-c]l ockw se. Table Ef fect of Rotation on k1l
and k2 (rotat Iksli;]}el e t%lflgh tep aem g\lgjse still, for sharpenlng, ‘there must be at least 3 windows

kept onto the output image (each containing a number of 6400 entry lines) since on a single

print cycle, the cyan, magenta, and yellow dots represent dots from 6 different lines.

Neither of these cases take into account the fact that the final print output is bilevel rather
15 than contone. Consequently we can strike a middle ground with regards to resampling, and achieve the

best from both methods.

The solution is to interpolate to an intermediate resolution. Sharpening and color conversion
occur at the intermediate resolution, followed by a scale-up to print resolution. The intermediate
resolution must be low enough to allow the advantages of small sharpening kernel size and color
conversion timing. But the intermediate resolution must be high enough so that there is no loss of
quality scaling up to the print resolution bi-level image. The effect must be the same as if there was a

20 single interpolation to the print resolution (rather than two).

Since the print image is printed as 1600 dpi dithered bi-level dots, it can be safely
represented by a 320 dpi contone image. Consequently an intermediate resolution of 1280 contone
pixels provides no perceived loss of quality over 6400 bi-level dots. The later scaling from 1280 to 6400

is therefore an exact scaling ratio of 1:5.

To decide how best to resample, it is best to consider each color plane in relation to the CFA

25 resolution. This is shown in Figure 22 for a rotation of 0.



Red Blue 5 Rotation From Original Format CFA k, k2 ki k2 Standard 30 90 O
-0.5 -0.50 Passport 31 90 0 -0.5 -0.5 0 Panoramc 33 90 0 -0.5 -0.50
Thunbnai IW@21/005@9 0 -0.5 -0.5 The nunber of nediumres pi XeCHAper/0®ZNPI €,
nps, depends on the print format. G ven that the planarized RG i nage has
the follow ng red and blue planar resolutions when unrotated: R 750 x 10
500, B: 750 x 500, the scale factors fgf_the different output formats (see
Fi gure on re_shown in Table 9. Note that with the Passport

i mge féiﬁaﬁ Rfﬁgs %Pﬁ‘@ rrage IS resarrpl ed into 1/4 of the output space.
Tabl e 9. Red and Bl ue Scale Factors for e Formats Format Mappi ng nps
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cannot i I h.e 20
o Mg Rl SR 0 Bl M oSARpYOUAPR (0 ol e i 2R
even pi Bﬂéh%k%ﬁ*ﬁ' E(I"tbérdﬁf&[e@t lines. Although in terns of the nunber of pixels

it is representative to say the green image is 750 x 1000, the inmage could
equal | y be saiTletepprping P5ogtryt mowinatehi(is 1289 BpRreb e pytseerdipalendsrends op Hee

checker b@ahfrotdiigh f ﬁ\eoifnabé"%uﬁé Ql%qrdals*ﬁlo%of ‘M@&%hb@smltﬁt@@% @Retepees ¢y xel s
i's not %?alslnxan Mensi on i mage

reconst P SEPYIdINgL8 PH If?rﬁﬁt) Fﬂ’iéedrﬁﬁ‘ﬂB@F tht?f1 tf‘?\f°@?"ﬁ69 %ﬁt'ﬂﬁh'ﬁé‘f’lﬂﬁds used by
other systems for green plane reconstruction is testinony to this - from

near est nei ghbor replication to |inear,interpolation to bi-linear

i nterpol ati on and heuristic reconst#usti _&n> he mappi ng of out put

coorth nates (in 1280 space) to input co M nates is conceptually the sane

for green as it is for red and bl ue. pin depends on the current
rotation of the image, WO 01/20549 PG/ A@% -29 since the
registration of pixels changes with rot#&#A%n (e ther 0 or 90 degrees

depending on print format). For the green plane the follow ng rel ationship
hol ds:

where
x,y = coordinate in medium res space
15 X'y’ = coordinate in input space

mps = medium res pixels per input space éample

k1 2 = {0, -0.5} depending on rotation

This means that given a starting position in input space, we can generate a new line of
medium resolution pixels by adding a Ax and-Ay of 1/mps and 0 respectively 1279 times. The fractional
part of x and y in input space can be directly used for looking up the kernel coefficients for image

20 reconstruction and resampling.

25



x'=(x)+kl mps 5y p) + k2 where x,y = coordinate in nediumres space
x'"y' = coordinate in input space nps = nediumres pixels per input space
sanple MoOkin2@4e= {0, -0.5} depending on rotation As w t hr¢hvaup®diodd and
bl ue 47 planes, the nunber of nediumres pixels per sanple, nps, depends
on the print format. G ven that the planarized RE& imge has the foll ow ng
pl anar resolutions when unrotated: R., 50 x 500, B: 750 x 500, G 750 x

1000, the scale factors for the ere u formats (see 13)
are shown in i Beifgen aéebﬁa?%ﬂ%e? o BreBHor v Mt e berpete kS ah 1 - o
| mage i 90 ldegreed Taple isndhowd te Rfuet e /q%atkk/a PaG&d arkbbllé Blafes] BssufdirtRatihaine
Scal e Factors for Inmage Formats For nmat pping nps |inps Standard 30 1000
1280 1. pHatien pRAGdegrees astFiockyise1 000 640 0. 64 1.5625 Panoranic 33 500 1280
2.56 0.390625 Thuynbnail 32 1500 1280 0.85 1.17648 20 These scale factors
al | ow t he_mappi ng '8P'e 8o&ffesf pbResation en kbande2 rotation) ig@ptiflockyise) space  and

medi um rep space. However, once we have |a coorg ate in CFA\épgolutlon
i nput_spage, we cannot ta%ggg] q% reconstruc i on ahd resanllng pn t he
e cFR.

sanpl®s if theFocfﬁL,gp way due {0 the kzche"ker(poa'd Rat ur e of
t he green ane Hasteat; t+he—purposes—of—hi-gh—fugt+ty--rage
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i mage rot APaspey3U5 degr ees. WRn we | odko at theﬂﬁixel“4lﬁ th{8 |I|ight, as
shown in Fpgtrémie33 a hi gh qualgoty 1 nmagg o econsfouct i op-cegd r esanpl i pg
met hod bef naf Y\ OF ulézuww PQT{ ADOCO 04075 K Cookt at| Figure

23, the dlstance—between—the——sanrptedpixelsintheXahrdY—di+reetions is
| . Th t o I d t
T qure 24 TREuERial MEHERa RERS G SenPEHmeter Rt hF eint i et PRI Rhnge
r econst theqianarizediRGE ie@gerpas the following Edane tius plaoa . restlutibeugientunstaai®: 750 x
t td.
[ CCOM! b Id: 980 Id0b She beaid/RESr B larfoRAP ORI Imb B oA ElaBb 1S on G 1SHOS!

shoul d er ent IS I's because t at ronship bt ween
rate fofhqyndedakpd. Nt that with the Passport image format, the entire image is resampled into 1/4 of

U)C)

the output space.

Table 9. Red and Blue Scale Factors for Image Formats

Format Mapping mps 1/mps
Standard 30 500 = 1280 2.56 0.390625
Passport 31 500 640 1.28 0.78125
Panoramic 33 250 1280 5.12 0.1953125
Thumbnail 32 750 1280 1.71 0.5848

15

ARG

As can be seen in Table 9, the red and blue images are scaled up for all image formats.

Consequently there will not be any aliasing artifacts introduced by the resampling process.

3.2.5.2 Green 46

The green plane 46 cannot be simply scaled up in the same way as red or blue, since each

20 line of the green plane represents different pixels - either the odd or even pixels on alternate lines.
Although in terms of the number of pixels it is representative to say the green image is 750 x 1000, the
image could equally be said to be 1500 x 500. This confusion arises because of the checkerboard
nature of the green pixels, where the distance between pixels is not equal in x and y dimensions, and
does not map well to image reconstruction or resampling. The number of interpolation methods used by
other systems for green plane reconstruction is testimony to this - from nearest neighbor replication to

linear interpolation to bi-linear interpolation and heuristic reconstruction.

25
The mapping of output coordinates (in 1280 space) to input coordinates is conceptually the

same for green as it is for red and blue. The mapping depends on the current rotation of the image,



5 highest frequency in the signal is different to the relationship for the
red and bl ue planes. In addition, the kernel should be normalized so that
the "12 dvevazise9 bet ween sanpl es becones 1 as far as ker neCT/ATo@e@TNat es go
(the unnormalized di stances between resanpling coordinates nmust still be
used to determ ne whether aliasing will occur however). Therefore we
require two transformations: The firspgis to map unrotated CFA space into

rotated CFA space. This can be acconplished by nultiplying each ordinate
by 1/ a2 56 E FaEatgp ! BT pheRge sy AABlen  DELD 719 S eed cbpiihaoh pini fmaly o
The sec®ndhe gretroplseathefolltveng @@tichshipthelsist 0 mat ch t he nornmal i zed ker nel

whi ch can be accom plished by multiplying each ordinate by 1/"12. These
two transformati ons conbine to create a |tiplication factor of 1/2.
Consequently, as we advance |n pngo a%e CFA space x by k, we increase by
k/2 in kernel x, and decreasé ByEEéé}T l1|lkernel y. Simlarly, as we advance
iny by k, we increase by k/2 in kernel and increase by k/2 in kernel Y.
15 The rel ati onshi ps between theEngLLfe ent coordi nate systens can be
illustrated by considering #hat RH r§2 S we generate a line of nmedium
resol ution pixels froma CFA space input’ inmage. Gven a starting y
ordinate in CFA input space, we begin at x=0, and advance 1280 tines by

1/ nps, generatwheg a new pi xel at each new | ocation. The novenent in
unr ot ated CFA space by 1/nps can be deconposed into a novenent in x and a
nmovenment in y xyE ¢odtdidatdin Glefiuaracspacdhe process is shown in Figure 25.
Since cos45 = sind45 = 1//2, novenent in unrotated CFA space by 1/ nps

equat es to equat = catfidifedy Rnmiut spabe X and y by 1/ (nps"12). This anount nust
now be scaled to match the normalized kernel. The scaling equates to

anot her nul ti phgscahédiin R pikelbder icUIsSReahply, a novenent of 1/nps in
unrot@ted 25 WO 01/20549 PCT/ AUOCO 01075 -31 CFA space equates to a

nmovenent of 1/ Qnpsgo,oskRpérfingonadgidser nel y. Table 11 lists the
rel ationship between the three coordinate systens for the different

formats:. Tabl L . F%Lﬁ
Unr ot at ed Rot zﬁg e%&&e? egggcae% %m%éi%gggéc é”AéA"\(@é’%ﬁgﬁ '%%{'unllﬁgg? %g('ge,g%%a RS 11
1 5 (np&¥rarpsomiys pont fermat. Gsen R@bihe planargedREB imapedhas He follogrg plapargesabttion. 64

1. 5625 {nhdWonrtaté8IR: #88%508"B:C758 80006 3b »01006 Ahé sddidractbrrUsiRkiterBatRtput

1.17648 0. 832 0.601
formats %see F?gure 13) are shown in Table 10. Note that with the Passport image format, the entire

image is resampled into 1/4 of the output space.
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Table 10. Green Plane Scale Factors for Image Formats
Format Mapping mps 1/mps

Standard 30 1000 = 1280 1.28 0.78125

Passport 31 1000 = 640 0.64 1.5625

Panoramic 33 500 = 1280 2.56 0.390625

Thumbnail 32 1500 = 1280 0.85 1.17648
20 These scale factors allow the mapping of coordinates between CFA resolution input space

and medium res space. However, once we have a coordinate in CFA resolution input space, we cannot
perform image reconstruction and resampling on the samples in the same way as red or blue due to the

checkerboard nature of the green plane 46.

Instead, for the purposes of high quality image reconstruction and resampling, we can
consider the green channel to be an image rotated by 45 degrees. When we look at the pixels in this
light, as shown in Figure 23, a high quality image reconstruction and resampling method becomes

25 clear.



Tabl e 11 shows that novenent in kernel space is always by a nunber |ess
than 1, but in rotated CFA space, only the Passport imge has a A val ue of
greater twani/254As a result, aliasing will 10 occur for poRABas&TYt print
format, but not for any of the others. However, given that the A is al nost
1, and that each of the 4 images is only 1/4 size, aliasing will not be
noti ceabl e, especially since we assungyideal |ow pass filtering on the
green during i 3 Reconstructjon Fjlt d, Bluye and
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entries in the kernel ta first 6 fraction bits are used to | ook up
the coeffici enths firssis te AEp P@:@faf%" Qfl!ﬁ tracssinforrpiated {tF A space- (T Ria canulesdRsPmplighet
Printcam 3. 2.5y nfihplyigreabidordinteibyBOR, SiRdeiwe &€ rétitiighy 46Rbgrabscod®s Shimspened
bef ore being prbnted I deal ly, the sharpening filter should be applied in
the CFA resolu Yén dormai n. However, at the inage capture 25 resolution we
do nag Rave t [Mhefseiddnd ab edald thé coondiatesrto aiatch emophatieed kekies whiztl cavebeadcymhave
red, blue or pi i on. Sharpeni ng each col or plane

i ndependent | yq’df(’a“vesVr"‘u“sg'g’{‘%g%%‘l°6‘?(“as‘ 7% ?V WO 01/ 20549 PCT/ AUOQ 01075 - 32
Shar peni ng sh din

so that the hutfess e eiimaler Ropp e oo mellBleaife it IR renttudiy. 889

Shar penwegdidrea in umteled €& Atdpace x k)| we inoneass byak2 IRGErmeﬂmg@dl decrease byk/@rin
space t u

ot or ma e Y St 88 P ndeln PPER Lkt Rk RICKENRRMELcaR o) REARHET |
shar pen&d 82 (by addi ng |n a proportlon of the high-pass-filtered 5 version
of the lum nance). Finally, the entire inmage should be converted back to
RGB &3 (or to TorNrelatiprsbips vietwges @'9$€hg"flef9"brq0md'néi§t systemEVRYN bFhidustiptedebYs i s
shown i Bodsid@HAEWRER ockiVEY RE g¥Rerta R 1RY OF ﬁ'\ea’%heé?iutlbrh?nxéw'fr% LOFW Stk Hipubt €PS
if we consider the effect OP add |ng -passed-ftilt back into the
i tage - Mags- BveRE Statiog y Al GRA PR Spfs: Wﬁﬁ&@“ 8t xPnhaq ?Pé(@@e 1480 tmeshBe in
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and apply a’ prop ron o e Osut't equa

shown in Figure 25.

Since cos45 = sin45 = 1/v2, movement in unrotated CFA space by 1/mps equates to equal
20 movementin x and y by i/(mps«/2). This amount must now be scaled to match the normalized kernel.

The scaling equates to another multiplication by 12. Consequently, a movement of 1/mps in unrotated

25



R G and B. 10 3.2.6.1 Convert RGB to L 80 W consider the CIE 1976 L*a*b*
col or space, where L is perceptually uniform To convert fromRG to L
(the | umwanozosehannel ) we average the m ni mrum and nmaxi nuPCDAUR)01@75 and B
as follows: L = MNR G B) + MAX(R G B) 2 15 3.2.6.2 Hi gh Pass
Filter L 84 A high pass filter 84 can then be applied to the | um nance
inforrration Since we are filtering Lgy ved-res space rather than CFA

resolutl ace, the size of shar enln u
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The exact reconstruction filter to be used will depend on a number of issues. There is always

a trade off between the number of samples used in constructing the original signal, the time taken for

15 signal reconstruction, and quality of the resampled image. A satisfactory trade-off in this case is 5 pixel
samples from the dimension being reconstructed, centered around the estimated position X i.e. X-2, X-

1, X, X+1, X+2. Due to the nature of reconstructing with 5 sample points, we only require 4 coefficients

for the entry in the convolution kernel.

We create a kernel coefficient lookup table with n entries for each color component. Each
entry has 4 coefficients. As we advance in output space, we map the changes in output space to
changes in input space and kernel space. The most significant bits of the fractional component in the

20 current kernel space are used to index into the kernel coefficients table. If there are 64 entries in the
kernel table, the first 6 fraction bits are used to look up the coefficients. 64 entries is quite sufficient for
the resampling in Printcam.

3.2.6 Sharpen 65

The image captured by the CFA must be sharpened before being printed. Ideally, the
sharpening filter should be applied in the CFA resolution domain. However, at the image capture
25 resolution we do not have the full color information at each pixel. Instead we only have red, blue or

green at a given pixel position. Sharpening each color plane independently gives rise to color shifts.
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15
3.26.2 High Pass Filter L 84

A high pass filter 84 can then be applied to the luminance information. Since we are filtering
in med-res space rather than CFA resolution space, the size of the sharpening kernel can be scaled up
or the high pass result can be scaled appropriately. The exact amount of sharpening will depend on the

CFA, but a 3x3 convolution kernel 85 will be sufficient to produce good results.

20 If we were to increase the size of the kernel, Table 12 shows the effective scaling 86 required
for a 3 x 3 convolution in CFA space as applied to 1280 resolution space, using the green channel as
the basis for scaling the kernel. From this table it is clear that a 7x7 sized kernel applied to the medium
resolution space will be adequate for all sharpening.

Table 12. Scale Factors for Convolution Filter

Format Scale 3x3 Kernel in Med-res (1280) Space
Standard 30 1.28 3.84 3x3 or 5x5
Passport 31 0.64 1.92 none, or 3x3
Panoramic 33 2.56 7.68 77
Thumbnail 32 0.85 2.55 none, or 3x3

25
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Of course, the scale factor applied to L can be combined with the scale factor in the highpass

filter process (see Section 3.2.6.2) for a single scale factor.

Once the sharpening has been applied to the RGB pixel, the image can be converted to CMY

83 in order to be printed out.

3.2.7 Convert to CMY 83

20
In theoretical terms, the conversion from RGB to CMY is simply:

C=1-R
M=1-G
Y=1-B

However this conversion assumes that the CMY space has a linear response, which is
definitely not true of pigmented inks, and only partially true for dye-based inks. The individual color
profile of a particular device (input and output) can vary considerably. Consequently, to allow for
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interpolation.

3.28 Up Interpolate 67

The medium resolution (1280 wide) CMY image must now be up-interpolated to the final print

resolution (6400 wide). The ratio is exactly 1:5 in both dimensions.
Although it is certainly possible to bi-linearly interpolate the 25 values (1:5 in both X and Y
20 dimensions), the resultant values will not be printed contone. The results will be dithered and printed bi-
level. Given that the contone 1600 dpi results will be turned into dithered bi-level dots, the accuracy of
bi-linear interpolation from 320 dpi to 1600 dpi will not be visible (the medium resolution was chosen for

this very reason). Pixel replication will therefore produce good results.

Pixel replication simply involves taking a single pixel, and using it as the value for a larger

area. In this case, we replicate a single pixel to 25 pixels (a 5 x 5 block). If each pixel were contone, the

1. Althougha 17 x 17 x 17 table will give excellent results, it may be possible to get by with only a 9 x 9 x 9 conversion table
(729 bytes). The exact size can be determined by simulation. The 5K conservative-but-definite-results approach was cho-
sen for the purposes of this document.
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and to the print roll's QA Chip 5 using separate lines. The two QA chips

are inpl enent egle Agif-OHIG Brkésabh BsdehiPSgure 31.

The size of the dither cell 93 depends on the resolution of the output dots. Since we are
producing 1600 dpi dots, the cell size should be larger than 32 x 32. In addition, to allow the dot
processing order to match the printhead segments, the size of the dither cell should ideally divide

evenly into 800 (since there are 800 dots in each segment of the printhead).

A dither cell size of 50 x 50 is large enough to produce high quality results, and divides
evenly into 800 (16 times). Each entry of the dither cell is 8 bits, for a total of 2500 bytes (approximately
1.5 KB).

3.210 Reformat for Printer 69
20

The final process before being sent to the printer is for the dots to be formatted into the
correct order for being sent to the printhead. The dots must be sent to the printhead in the correct order

- 24 dots at a time as defined in Section 2.2.1.

If the dots can be produced in the correct order for printing (i.e. the up-interpolate and dither
functions generate their data in the correct order), then those dot values (each value is 1 bit) can simply
be collected, and sent off in groups of 24. The process is shown in Figure 32.

25
The 24 bit groups can then be sent to the printhead 2 by the Memijet Interface 15.



[2]. If only a single line is used, a clone print roll manufacturer could
usurp the authentication nmechanism|[1l]. 15 5.2.1 Print Roll's QA Chip 5
Each pri mtopobdsszonsumabl e contains its own QA chip 5. TheCcTAuckop7ont ai ns
information required for nmaintaining the best possible print quality, and
I's inplemented using an Authentication Chip[2]. The 256 bits of data are
allocated as follows: Table 13. Print ggll's 256 bits (16 20 M n] Access

Descri ption Sj r., Flags etc. (16 bits) 1 RO Serial nunber
(16 bitd) 2 R%@QE%&BE‘?%@&%H@ 3 Db Paper remmining in m{16 bits)
4 RO Cyan ink properties (32 bits) 5 RO 6 RO Magenta ink properties (32

bi ts) QEJ 7 R6 ORE 20549 PCT/ AUOO 01075 -38 Table 13. Print roll's 256

bits (16 M n] Access Description 8 RO Yellow ink properties (32 bits) 9 RO
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Connections to Parallel Interf ace

to run the stepper motor during a prin (it e stepper motor requires a 5KHz process). An example of a

suitable core is a Philips 8051 micro-controller running at about 1 MHz.

10 There is no need to maintain instruction set continuity between different Printcam models.
Different PCP chip designs may be fabricated by different manufacturers, without requiring to license or
port the CPU core. This device independence avoids the chip vendor lock-in such as has occurred in
the PC market with Intel.

Associated with the CPU Core is a Program ROM 13 and a small Program Scratch RAM 14.

The CPU 10 communicates with the other units within the PCP 3 via memory-mapped 1/O.
Particular address ranges map to particular units, and within each range, to particular registers within

15
that particular unit. This includes the serial and parallel interfaces.

4.2 PROGRAM ROM 13

A small Program Flash ROM 13 is incorporated into the PCP 3. The ROM size depends on
the CPU chosen, but should not be more than 16-32KB.

4.3 PROGRAM RAM 14

20 Likewise, a small scratch RAM area 14 is incorporated into the PCP 3. Since the program

code does not have to manipulate images, there is no need for a large scratch area. The RAM size
depends on the CPU chosen (e.g. stack mechanisms, subroutine calling conventions, register sizes

etc.), but should not be more than about 4 KB.
44 CPU MEMORY DECODER 16

The CPU Memory Decoder 16 is a simple decoder for satisfying CPU data accesses. The
25 Decoder translates data addresses into internal PCP register accesses over the internal low speed bus,

and therefore allows for memory mapped I/O of PCP registers.



Connection Direction Pins 15 Paper transport stepper notor Qut 4
Quillotine nmotor Qut 1 Focus Motor Qut 1 Capping solenoid Qut 1 Flash
trigger ®uoof2058t atus LCD segnment drivers Qut 7 Status LBDragnoen7drivers
Qut 4 Paper pull sensor In 1 20 Buttons In 4 TOTAL 24 5.4 JTAG | NTERFACE
7 A standard JTAG (Joint Test Action Goup) Interface 7 is included in the
PCP 3 for testing purposes. Due to thgconplexity of the chip, a variety
of testing te i i including BIST (Built In Self Test)
and funti ona%%@b&fqgt@{ ﬁ‘g't#'{'%gp%éer head of 10%in chip area is assuned
for overall chip testing circuitr 25 WO 01/ 20549 PCT/ AUCO 01075 -39- 6
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writt®enchirof he | mage Capture Unit, and read by both the | mage Histogram
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random ggcess qochi SeRAANFerFABERY- |t nmust access the image pixels via
the I mage Access Unit. 10 7 I MAGE CAPTURE UNIT 12 The | mage Capture Unit
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The process Is shown in Fiqure 33. . 7.1 | MAGE SENSCR | NTERFACE 98
Acquire ink characteristics

10 o Acquire the recommended drop volume
] Track the amount of paper printed and request new print roll when there is insufficient paper

to print the requested print format.

The reason for having two ports is to connect to both the on-camera QA Chip 4 and to the
print roll’'s QA Chip 5 using separate lines. The two QA chips are implemented as Authentication Chips
[2]. If only a single line is used, a clone print roll manufacturer could usurp the authentication

mechanism [1].

15
521  Print Roll’s QA Chip 5
Each print roll consumable contains its own QA chip 5. The QA chip contains information
required for maintaining the best possible print quality, and is implemented using an Authentication
Chip[2]. The 256 bits of data are allocated as follows:
Table 13. Print roll’s 256 bits (16
20 M[n] Access Description
0 RO? Basic Header, Flags etc. (16 bits)
1 RO Serial number (16 bits)
2 RO Batch number (16 bits)
3 DOP Paper remaining in mm(16 bits)
4 RO Cyan ink properties (32 bits)
5 RO
6 RO Magenta ink properties (32 bits)
25 7 RO '




15 The Image Sensor Interface (I1SI) 98 is a state machi ne that sends
control information to the OCMOS |Inmage Sensor, including frame sync pul ses
and pi xelwa@bozis4pul ses in order to read the i nage. Mst PETAWR/OISIS i S
likely to be a sourced cell fromthe i mage sensor manufacturer. The ISl is
itself controlled by the Inage Capture Unit State Machine 97. 7.1.1 |Inage
Sensor Format Although a variety of ingge sensors are available, we only

consi der the Bayer color_ filt ay (CFA). The Bayer CFA has a nunber
of attributes whi (Er bl rjg Rt 19} 'e%a"‘r?é’té?{érhe i rage captured by the CMOS sensor

(via a taki nthpin5>) AcgedsSstmed to have begn.. glﬁfi ciently filtlered so as to
renove any gliasi nqpaacpﬁ-t«;". —T : _ rati o of
3:2, with p8resol A on of | Y8low ink Prersties 433pi8s. The nost | kelly pi xel

arrangenent|{ 9s theRBayer cplor filter array (CFA), with each |2 x 2 pixel

bl ock arranggsgisa n @02(3 msap&fagregapgﬁg,ohaoﬁugy,[s@ 157 Each contlone sanpl e of
R, or B I1T€% o [ = ~ acl ectiveh is 25
10-Si’ts_ No Z##im h?ar‘h E’J\I Bpn@ quffér%n% it 'hp‘4'8%? nf or mqflzjn about only
one &f R, G ®mReBIOdhst i mates of the nissi ng col or information nust be nmade
before the i npgRcERM B[ Printed out. WO 01/20549 PCT/ AUCOD 01075 -40 The
CFA is considered to perform sone anmount of fixed pattern noise (FPN)

suppressi on. gyl édchpaht, théAnseH B pRp6H raﬂa.ﬁag.srcaéuubd Btthe PO td-EAkitdthat k= 96

The | ooku e 96 is t sensor 0 | i nea It
at ches U RUGI fof e i G sBeq e B L P AE FPRLR RSBt Aot of et
t he ROVrensmirthg<Byst bs décBemeniddthi paiat rédl'sthA shjip biBe BPtUs of address cone from
the ISI, while the 2 bits of Tabl eSel ect are generated by the |Inage
Captur e513ni t ' PaRAaiEe INdERRACES 97. 7.3 STATE MACHI NE 97 The | nage Capture
Unit's State Machine 97 generates control signals for the |Inmage Sensor

Ilnt etd ace 1, armd pg@narn@érra&a @ekihh@@rws PUP{3 tbi.mmubnzsnaﬁaete&?c%t a‘H)Tﬁé\dPU(H
anarizjn he contro en

P or m Eh1E 0 SiolGagT e HEst B PR P BTY maBp L B P epoed 50 (54 Seckion,
The 2- b#n fadkbre 8etais@nimenent-ingppedt®up Tabl e 96 matches the current |ine
being read fromthe 1SI. For even lines (0, 2, 4 etc.), the 2-bit address
i s Red, G een,TaRedgd shdveane @nbectiberto trdhatdllaligsterfabe. 3, 5 etc.), the 2-bit
address is Geen, Blue, Geen, Blue. This is true regardless of the
orientation of th@&ableadéetomnectivps 2d Piratleldntdrfam®s sent to the Inage RAM 11 is

the wite address for tnhe inage. Thrge 15 regijsters notrd the current
address for| each of ¢HWesdRN green, lan®itgetien pllanefinSThe |addr esses
15 Paper transport stepper motor Out 4
Guillotine motor . Out 1
Focus Motor Out 1
Capping solenoid Out 1
Flash trigger Out 1
Status LCD segment drivers Out 7
Status LCD common drivers Out 4
Paper pull sensor in 1
20 Buttons In 4
TOTAL 24

54 JTAG INTERFACE 7

A standard JTAG (Joint Test Action Group) Interface 7 is included in the PCP 3 for testing
purposes. Due to the complexity of the chip, a variety of testing techniques are required, including BIST
(Built In Self Test) and functional block isolation. An overhead of 10% in chip area is assumed for

overall chip testing circuitry.
25



increnent as pixels are witten to each plane. 7.3.1 Registers The | nmage
Capture Unit contains a nunber of registers: Table 15. Registers in |Inage
Capture Wwob1/2083me Bits Description 20 MaxPi xel s 12 NunmbepCDAUpi/xi®rs each
row MaxRows 12 Nunber of rows of pixels in inmage CurrentPixel 12 Pixel
currently being fetched CurrentRow 12 Row currently being processed NextR
21 The address in Image RAMto store tge next Red pixel. Set to start

addr ess _of %bﬁtﬁ@efore i mge capture. After inmmge capture, this
regi stef wi II the byte after the red plane. NextG 21 The address

in Imge RAMto store the next Geen pixel. Set to start address of green
pl ane before iMhadBageAMMNE is ygedde smmg@cw%mge 425Therimage BAMds awltievel

poi nt t giabhe-dry ber fisarind: e itseas reiirtiaterhe foled ARGt OO 01075 - 41
Table 15. Registers in Image Capture Unit Nane Bits Description NextB 21

The address i Ak fRE8mBAHYof Remb F&uirdifonRe blaflridéd IR XRGB Ridlge IsQ, @b@bé bytes
address of blue plane before inmage capture. After inmage capture,

regi stel(apRPP"F‘afﬂyWfM?barfar‘i‘@e‘b?stf@"%ter the bl ue plane. EvenEven 2 Address to
use for seven IROWS0 k 560/€375pbXBYteés EvenOdd 2 Address to use for even rows /
odd pi er s 5 OddEven 2 _Address to use for odd rows / even pixels OddOdd 2
Addr ess *t o us& ot sUEd 3REC bytetid pixels Go 1 Witing a 1 here starts the
captures Wit ig1gs@xdodves7809b®pged he i mage capture. A O is witten here
automatically by the state nmachine after MaxRows of MaxPi xel s have ben

captured. In agdidddans wﬁm byme.ag%s@mre |Uﬂft earnaaéya &%omqm Aiags H&to%kém)@rﬁlt of
regi sters. The_exact %witers W e Sensor chosen.

1075 | WAGES RSB CORPTHO0 O 01 Theger GBS e Peveb e Rtee SEdrss eRATFRR e
CPU 10 tremagckswistidacess fred@agepixdlsaa@eMageAcceBa@InEPU 10 can read pi xels from
the image in I mageRAM 11 and wite pixels back. Pixels could be read for

the purpose OofMAGRISAPTORBIMNITG20. Vvia the USB) 17, or for sinple image
processing. Pixels could be witten to ImageRAM 11 after the inmage

processi ng, asrhg Irﬂég%v(')é%ﬂﬁé Vnit contains all the functionality required by the Image Capture Chain,
as described in Section 3.1. The Image Capture Unit accepts pixel data via the Image Sensor Interface
98, linearizes the RGB data via a lookup table 96, and finally writes the linearized RGB image out to

RAM in planar format. The process is shown in Figure 33.

74 IMAGE SENSOR INTERFACE 98

15
The Image Sensor Interface (ISI) 98 is a state machine that sends control information to the

CMOS Image Sensor, including frame sync pulses and pixel clock pulses in order to read the image.
Most of the ISl is likely to be a sourced cell from the image sensor manufacturer. The ISl is itself

controlled by the Image Capture Unit State Machine 97.

711 Image Sensor Format

Although a variety of image sensors are available, we only consider the Bayer color filter

20 array (CFA). The Bayer CFA has a number of attributes which are defined here.

The image captured by the CMOS sensor (via a taking lens) is assumed to have been
sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect ratio of 3:2,
with a resolution of 1500 x 1000 samples. The most likely pixel arrangement is the Bayer color filter

array (CFA), with each 2 x 2 pixel block arranged in a 2G mosaic as shown in Figure 15:

Each contone sample of R, G, or B (corresponding to red, green, and blue respectively) is
25 10-bits. Note that each pixel of the mosaic contains information about only one of R, G, or B. Estimates

of the missing color information must be made before the image can be printed out.



saved image (loaded via USB), or inmages for test pattern purposes. Test
patterns could be synthetic 15 inmages, specific test inmages (loaded via

t he USB) woo ovzushd be 24-bit nozzle firing values to be di peTtliyo/olooaded
into the printhead via the test node of the Print Generator Unit 99. The

| mage Access Unit 9 is a straightforward access nechanismto | mageRAM 11,
and operates quite S|nply in terns of 46- reglsters as shown in Table 16.
Tabl e 16. | AU Re isters Description %?Addres§4é§ Address to
read or wite % Fr%f EPER ere§d° Some 2meunf pf fi ’fed’rﬁ ‘A JLAG SUPHES'N0al ue.
1 = Wi Aediﬁ(mhLEPNﬂprumgeﬁdd,nealsr.ed.\/al ue 8 Value stored at | nmageAddress (if
Mode = Read) Value to store at InageAddress (if Mbde = Wite) The
structuge of tbexkUPTgeLE®Eess Unit is very sinple, as shown in Figure 35.
The State Machine 101 sinply perforns the read/ wite fromto | mageRAM 11
whenever the 1@g IQRH) gagle"%' |§ g%dl\ﬁ’ n{a&gmﬁg%eﬁs%% ﬁb@rto awpegjd@%%atches the
PCT/ AUCO 01075 _ - | mage Hi stogram Uni t

(1 HY) 8'—'?‘3”&@5%@8"6(56 48@1%%?‘%‘%%'" [Festopgh bgrdisauch. r?'%?g@@Md'é:’r‘@éﬂ?F r(ga 1024 Bhe
PrintS| Bmﬁoﬁfteﬁmrda? cémélirem d@aszf whirdhé Qbﬁﬁcﬁftﬂaﬂl_asﬁe@ ard. gle?ﬂit@te? Hgﬂ%_ﬂﬂnﬁge ]
gener at es _hi r r anar format inmages wth sanples o its eac
The | ma smﬁﬁiiﬁgﬁﬁﬂgtﬁﬁ?mﬁﬁis typically used three tines per print. Three
differegt, his r 5 e gat hered, one per color plane. Each tinme a

hi stogr&m i s éﬁgﬂgﬁzﬁm"Fﬁé results are analyzed in order to deternine the
| ow and hi gh thresholds, scaling factors etc. for use in the remai nder of
the print prddedsagereantyieaits SipleMaching 97 ganarmaies eaniiolisiosels i 1e IaRer Pensee

used, S@RerRES,idRB ganetatds dddrdiblesIEINkAHRIng theREB 40ankd fbll sk vhEMdgd Qdta Hih e
hi stogramltself is stored in a 256-entry RAM 102, each entry being 20

bits. The 10 1ink bRl ighdr ddnt & tadisy o@ GRS IeShIS fdmrw;atplfur.ng bRéis,| sk capturing

I ndi vo dual entries are read fromand witten to as 20-bit quantities. 9.2
STATE MAEEF RIE AND REG STERS 103 The St ate Machl ne 103 follows the
pseudocode described in Section is controlled by the registers
shown in Tabl &g #:Ditadiess sept t°|*«’é‘%g*r°§t"é‘}?bi'%9q Ralgees s uTgRtdineg BﬂFQ regd FREANE Bi t s
Descr i piSitor evientliaedNox e |4set2)) thElPebitradaiees is ®ed phrsen, Retl (Greenuett. Rodledd IpBR (it 3, unt i |
0)

etc.), the 2-bit address is Green, Blue, Green, Blue. This is true regardless of the orientation of the

camera.

The 21-bit address sent to the Image RAM 11 is the write address for the image. Three
15 registers hold the current address for each of the red, green, and blue planes. The addresses

increment as pixels are written to each plane.

7.3.1 Registers

The Image Capture Unit contains a number of registers:

Table 15. Registers in Image Capture Unit

Name Bits Description
20 MaxPixels 12 Number of pixels each row
MaxRows 12 Number of rows of pixels in image
CurrentPixel | 12 Pixel currently being fetched
CurrentRow | 12 Row currently being processed
NextR 21 The address in Image RAM to store the next Red pixel. Set to start
address of red plane before image capture. After image capture, this
register will point to the byte after the red plane.
NextG 21 The address in Image RAM to store the next Green pixel. Set to start
address of green plane before image capture. After image capture,
25 this register will point to the byte after the green plane.




Start Address 21 Were to start counting from Pi xel sRemai ni ng 20 How many
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image processing. Pixels could be written to ImageRAM 11 after the image processing, as a previously

saved image (loaded via USB), or images for test pattern purposes. Test patterns could be synthetic

images, specific test images (loaded via the USB) or could be 24-bit nozzle firing values to be directly

loaded into the printhead via the test mode of the Print Generator Unit 99.

The Image Access Unit 9 is a straightforward access mechanism to ImageRAM 11, and

operates quite simply in terms of 3 registers as shown in Table 16.

Table 16. IAU Registers

Name Bits Description
ImageAddress 21 Address to read or write in ImageRAM
Mode 3 0 = Read from ImageAddress into Value.
1 = Write Value to ImageAddress.
Value 8 Value stored at ImageAddress (if Mode = Read)
‘ Value to store at ImageAddress (if Mode = Write)

The structure of the Image Access Unit is very simple, as shown in Figure 35.

The State Machine 101 simply performs the read/write from/to ImageRAM 11 whenever the

CPU 10 writes to the Mo

de register.



15 The Menjet Interface (MJIl) 15 connects the PCP to the external Menjet
printhead, providing both data and appropriate signals to control the
nozzl e | va@negpsand firing sequences during a print. The Renmagboentrzrface
15 is sinply a State Machine 106 (see Figure 38) which follows the
printhead | oading and firing order described in Section 2.2, and includes
t he functi onality of the Preheat cyclg and C eaning cycle as described in
Secti on 1 20 The MJI 15 | oads data into the

print he3d fro”ﬁéggﬁgl%?@cg?‘g@ﬁﬁFQ sources: Al 1s. This neans that all
nozzles wll fire during a subsequent Print cycle, and is the stan- dard
mechani sm f or Th@é’ﬂ?%d‘“%‘?ﬂ!a'ﬁH"M'thﬁilsfdéﬁlg%?dﬁ? gsnerate jstogpma Af iMgoes\as Irequiredr om
the 24- Bﬂhe'PﬂﬁtUi‘ha dedsBing BRaid B@RAERNIN §&Ub53.20. THe IHDBNIPEbAePSes hidlddrarh$fol e
standard ne Q%vﬂntl n whet her it be a captured photo or

| e,
test paPlB? °'"‘?h'8‘a fhisa g\eﬁqu'l?'ﬁ%??%e PGU is directly sent to the
printhead and a 1-bit' Advance' control pulse is sent to the PGJ. At the
end of each |i'heé 'm%ﬂei"ﬁ?qramNﬂ%l‘f'd)éﬂ_‘iaﬂieuseBEW%ee“meé P&l it JBiee diffgreptiustqsrams o5
;hebl\ﬁl I aﬂe'fgafﬁféEe‘d o ;ﬁt' adlcsrepdanafetaen tith @ hBGdraQ:gls batger@h rtﬁ@téyulﬁraaerwa@ﬁbd.hlerdgt ][ st
4-bit transfer e 24-bit ta in al i or
Che 11 i e ¥ TS, A0% oS £omie TriT 61515 ek P Bess of . prih e
MII 15 b&cedschummremﬁxrmai(oh lop how thresistegiarh shdulvicbeRrsiert seE&Saetion t3@:2. 2and Sé@gorand
t he extgO printhead 2. The basic structure is shown in Figure 38.
10.1.1 nnections to Pr,,.cnead The MII 15 has the follow ng connections

to the nt h?fﬂéjr #&'M sense of input and output with respect to the
B'I:‘lhe narreg%RA%ﬁlI tFllgipl n connections on the prl nt head (see Secti on

5 2 . Table 1 P t head /O
Chr Z)rrapgd- e4 %hgé]r Slé‘ggtra alls%'ﬁ%(r:]ﬂ?rS 'badz‘%nfw W%?% Peegﬁ{ :?g %@ﬁtﬁe&? ect
4 0 Bel bistogrein RAM isaanlyl aecdssediranmwittprotthe Wil .| Individual egr(bne@)are rébeh firh endlwitteRite ang

pul se f?g_b%@a@ﬁ%rspup A 10 BEnable 1 O Firing pulse for phasegroup B
CDat al n[ O- Cyan output to cyan shift register of segnments 0-7

MDat al n%% 7] %TgT%ﬁﬁthAhB%éTgRﬁ nta shift register of segments 0-7

YDat al n i npu % yeI ow shift register of segnents 0-7

val ues. | rlo?n o3R8 55 P AR o Prpoctrevss B PORoRon 1-hE 8. [ REOTRIEh 1

r egi st ebgthefredidteas pidwntimnTatde 17.

Table 17. Registers in Image Histogram Unit

15

Name ~ Bits Description

TotalPixels 20 The number of pixels to count (decrements until 0)

StartAddress 21 Where to start counting from

PixelsRemaining 20 How many pixels remain to be counted

PixelValue 8 A write to this register loads PixelCount with the PixelValue
entry from the histogram.

PixelCount 20 The number of PixelValue pixels counted in the current his-
togram. It is valid after a write to PixelValue.

20 ClearCount 1 Determines whether the histogram count will be cleared at

the start of the histogram process. A 1 causes the counts to
be cleared, and a 0 causes the counts to remain untouched
(i.e. the next histogram adds to the existing counts).

Go 1 Writing a 1 here starts the histogram process. Writing a 0
here stops the histogram process. A 0 is written here auto-
matically by the state machine after TotalPixels has counted
down to 0.

The typical usage of the registers is to set up TotalPixels with the total number of pixels to
25 include in the count (e.g. 375,000 for red), StartAddress with the address of the red plane, ClearCount



PTransfer 1 O Parallel transfer of data fromthe shift registers to the
print- head's internal Nozzl eEnable bits (one per nozzle). 15 SenseSeg- 1 0
A pul se om0 BesesSegEnabl e ANDed with data on Enabl e CDat BETARpo/e®IECt S t he
sense lines for segnent n. Tsense 1 | Tenperature sense Vsense 1 | Voltage
sense Rsense 1 | Resistivity sense Wense 1 | Wdth sense TOTAL 41 20
10.1.2 Firing Pul se Duration The duratypn of firing pul ses on the AEnable

and BEnabl e |ipes depend on the vigcosjty of dependent
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Pri nt cam product, the consumabl e contains both paper and ink, It
10 to specify precisely which nozzles are fired during a print.

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

The internal structure of the Printhead Interface is shown in Figure 37.

10.1 MEMJET INTERFACE 15
15

The Memjet Interface (MJI) 15 connects the PCP to the external Memjet printhead, providing

both data and appropriate signals to control the nozzle loading and firing sequences during a print.

The Memjet Interface 15 is simply a State Machine 106 (see Figure 38) which follows the
printhead loading and firing order described in Section 2.2, and includes the functionality of the Preheat
cycle and Cleaning cycle as described in Section 2.4.1 and Section 2.4.2.

20 The MJI 15 loads data into the printhead from a choice of 2 data sources:
L All 1s. This means that all nozzles will fire during a subsequent Print cycle, and is the stan-
dard mechanism for loading the printhead for a Preheat or Cleaning cycle.
. From the 24-bit input held in the Transfer register of the PGU 99. This is the standard means
of printing an image, whether it be a captured photo or test pattern. The 24-bit value from the
PGU is directly sent to the printhead and a 1-bit ‘Advance’ control pulse is sent to the PGU.

At the end of each line, a 1-bit ‘AdvanceLine’ pulse is also sent to the PGU.

25 The MJI 15 must be started after the PGU 99 has already prepared the first 24-bit transfer

value. This is so the 24-bit data input will be valid for the first transfer to the printhead.
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shoul d pbe set. cofre- into the 24 shift registers of the printhead

PTransfer 1 0] Parallel transfer of data from the shift registers to the print-

head’s internal NozzleEnable bits (one per nozzle).
15 | SenseSeg- 1 O A pulse on SenseSegEnable ANDed with data on

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

Tsense 1 | Temperature sense

Vsense 1 | Voltage sense

Rsense 1 | Resistivity sense

Wsense 1 | Width sense

TOTAL 41

10.1.2 Firing Pulse Duration

20

25

The duration of firing pulses on the AEnable and BEnable lines depend on the viscosity of

the ink (which is dependent on temperature and ink characteristics) and the amount of power available

to the printhead. The typical pulse duration range is 1.3 to 1.8 us. The MJI therefore contains a

programmable pulse duration table, indexed by feedback from the printhead. The table of pulse

durations allows the use of a lower cost power supply, and aids in maintaining more accurate drop

ejection.

The Pulse Duration table has 256 entries, and is indexed by the current Vsense and Tsense

settings. The upper 4-bits of address come from Vsense, and the lower 4-bits of address come from



sponding to one of the 8 segnents. SetAll Nozzles If non-zero, the 24-bit
value witten to the printhead during the LoadDots process is all 1 s, so
that all woawrbesgowi || be fired during the subsequent PriptDauso/pooess.
This is used during the preheat and cleaning cycles. If 0, the 24-bit
value witten to the printhead conmes fromthe Print Gener- ator Unit. This
is the case during the actual printingg$f the photo and any 15 test

i mges. _Acti qns eset A wite to this register resets the M st ops any
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SenseSegSeratio thé ARniable ahdBEdHbR linegs stiawn imFiglreaday val ue cl ears t he Feedback
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if the Load- iThg256®ytartebllis witteAayathe CPUatBefbriet minfrigethalphotd. Eddh @biy palée t he
status RQit eedback bit is cleared and nothing nore is done.

uratso aer? in%ett’ Iterg:e Ee .
Once t h8UgHgn Sy indig eRle COmRIieS sV e been tested, the val ues are placed in
the Tsemse, VdeigkteessRettinge, and Wsense regi sters, and then the Feed- 20

back bit of t St.atus regi ster, | t .- The feedback continues during any
subseﬁquént prRﬁco%'gé:?’"é'?f)ﬁﬁks&m%h%aﬁmiﬁ%sof 1 tothis bit starts the Load
Dots / PrintDdsensgycl es. A total of NunLines lines are printed, each

cont ai ni ng NurWsr%QesfersM- bit trans- fers. As each line is printed,

Li nesRemai ni ng decr enents, and Transfer- sRemai ni ng is reloaded with

Nunilr anaf ers dgemse. The status register contains print status information.
Upon conpl et i qpse,g)fe Nurmii nes, the |load- ing/printing process stops and the
Go bit i's cleadred During the final print cycle, nothing is | oaded into
the printhead. A wite of O to this bit stops the print process, but does
not cledP1anyPotGeyNts o5 registers. WO 01/20549 PCT/ AUOQ 01075 -47 Tabl e
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witeoto this Thedlsiemaiplaingascorm et bepertini Rt dotpinaehemar fireddemirp printhead At |
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count will be read and cleared after each print.

While in the initial Printcam product, the consumable contains both paper and ink, it is
conceivable that a different Printcam model has a replaceable ink-only consumable. The initial
Printcam product can countdown the amount of millimeters remaining of paper (stored in the QA chip 5

15 - see Section 5.2) to know whether there is enough paper available to print the desired format. There is
enough ink for full coverage of all supplied paper. In the alternative Printcam product, the dot counts
can be used by the CPU 10 to update the QA chip 5 in order to predict when the ink cartridge runs out
of ink. The processor knows the volume of ink in the cartridge for each of C, M, and Y from the QA chip
5. Counting the number of drops eliminates the need for ink sensors, and prevents the ink channels
from running dry. An updated drop count is written to the QA chip 5 after each print. A new photo will
not be printed unless there is enough ink left, and allows the user to change the ink without getting a

20 dud photo which must be reprinted.

The layout of the dot counter for cyan is shown in Figure 40. The remaining 2 dot counters

(MDotCount and YDotCount, for magenta and yellow respectively) are identical in structure.
10.1.4 Registers

The CPU 10 communicates with the MJI 15 via a register set. The registers allow the CPU to
parameterize a print as well as receive feedback about print progress.
25



5 to segnent SenseSegnent.
Status register
SenseSeg$ed evrospul se sent
FeedbackValid bit of the
of Rsense fromthe | ast SenseSegSel ect pul se sent
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Wense Read o
10 to segnent

is se

f eed
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Status register |§. e

BSER e e comlge

Is only valid if the FeedbackValid bit of the
Vsense Read only feedback of Vsense fromthe |ast
to segnent SenseSegnent. |s onbPgrmabi/eiors t he
Status register is set. Rsense Read only feedback
to segnent SenseSegnent.
Status register is set.
({/Ir(t)md\%hre | ast SenseSegSel ect pul se sent
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| i shed

to the printhead ? bit count of magenta dots
the prinpt fk%ﬁ[%ter NiRat Count Read only 32-bi |§es%ﬂﬁﬂ§n of yellow dots sent
print hepggd MH-—s—Status—Regtster—s—a—316-bt+t—register—wth—bit+—
i nterprg iptFAFRDEIGS £ 01 | qus:  Table 20 MIL St afus Realster Name Bit
Descri pf NemTregsfersadi ngDestreimber gf trgegfers tequiradiie lopd the arintegad(ysuply £8P ghisi gt s,
with thg nunber of dof s thermsmberofmyisecooriae BRElesk andrteginumbeTel 24t aateRe ai ni ng.
| f cl®af, the Ml is n¥alueslp ranster {Pr p@an g dots PrintingDots 1 If det,
MIl is gRasehirdtpnpr i nf Fikeyd mbirtt sumbbelr tacdedsumine tHealubdlibn ofsa singte puilse e thel Gol-Ar i nt I ng
dots. PrintingA 1 Thi sorknable knesdurationrange kdr-& iss a pul se on the AEngbl e
: i ne E NOfLiAEE T ThT STRY dundber SfEbadPiirlt 8ydidias ferfoFrma pul'se on The BEngbl e
I ne = X RV Illlb UI L 'S SCL WIITT<T tllb |ccuuau& Voll UCD‘I—DCI
t .
Vsense, Hl ‘ﬁngfﬁ P?n -
This ho| 8¥tShe current Twmﬂﬁﬁﬁﬁlsrﬁiatﬁ '?%Q!Ft%hl I e the Pri nt i ng- Dot
st at us plinesRemming Pr| Thd myNerafllinss rémdihing tdims mlintet! h@nly valid e@hile Garzizl e b
fired while the Print g@ﬁ}ag sa|u§’gmuﬁ.nbg t o S set. 10.1.5 Preheat and
C eani ngToY& 25— h 10 ol
TiaRSeRRefAn-| ETRE fuHbel o tr‘éh'éfen’é % BYdrL Ha% ﬁi‘nh{ﬁ
by sett] g appropr | at 1oL G SIS Qurrent 1N P @ D ES0er
Senseéegment The 8-bit value to place on the Cyan data lines during a subsequent feed-
back SenseSegSelect pulse. Only 1 of the 8 bits should be set, corre-
sponding to one of the 8 segments.
SetAliNozzles If non-zero, the 24-bit value written to the printhead during the LoadDots
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 24-bit value written to the printhead comes from the Print Gener-
ator Unit. This is the case during the actual printing of the photo and any
test images.
15
Actions
Reset A write to this register resets the MJI, stops any loading or printing pro-
cesses, and loads all registers with 0.
SenseSegSelect A write to this register with any value clears the Feedback bit of the Sta-
tus register, and sends a pulse on the SenseSegSelect line if the Load-
ingDots 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 Feed-
20 back bit of the Status register is set. The feedback continues during any
subsequent print operations.
Go A write of 1 to this bit starts the LoadDots / PrintDots cycles. A total of
NumLines lines are printed, each containing NumTransfers.24-bit trans-
fers. As each line is printed, LinesRemaining decrements, and Transfer-
sRemaining is reloaded with NumTransfers again. The status register
contains print status information. Upon completion of NumLines, the load-
ing/printing process stops and the Go bit is cleared. During the final print
cycle, nothing is loaded into the printhead.
A write of O to this bit stops the print process, but does not clear any other
25 registers.




Set the Pul seDuration register to either a low duration (in the case of the
an appropriate drop ejection duration for cleaning

pr eheat
node.

node) or to

Savo blupdsimes to be t he nunber

of tinmes the nozzl espehvauvbhaotoas

fired

Set the Go bit and then wait for the Go bit to be cleared when the print
cycles have com pleted. 5 10.2 PRINT GENERATOR UNIT 99 The Print Generator

Unit (PGJ) 99 is an inplenentation of ppst of the Print Chain described in
Section 3.2, as well as providin apreans of producing test patterns. From
the sinplest poi nt'@Qf 19 ?/!Z“efﬂée'%fb B9'8¥Ites t he int erface between the
e M T 05D 2 0L ocS et 7 90, i T
from t he CleERERANM  andA pritsda disregistesgerrsithe COPIGunteMDeiGeunt@ade’Oeh i n |r eal
time as|required by thEOYWRTPECT Ut f.de® 2 PRPEGHEIVIADIEL GHeCPORYYSO has a
Test Pattern npde ph\VER OB1 B35 efefle Cp 0 to speci pr eci se i ch
nozzl es| Aeedbb¢lr ed during a print. The MJI 15 provides the PGU 99 wijth an
Advance| psdnge once t hEre4t diilyt feedbavieofTeéH3e B5Mthe 1861 SeAst SAgYaE flide Nt ul se at
the end|of the |ine. [Theaehibht3nseBegmernt. TROEY 11i0 FRFSHdegbark2dlia it ofthe fli r St ,
the Test Pattern node| smituspégisteraasts. data directly fromlmge RAM 11, and
for mat s Ledsp a buffe R‘ém 1608baPBTEEnsk Fom i M Sendd88gSaER Pllse SeANT[ai NS
the majority of Print briert $RASSRRRerdt S Byt if@fk FoedbackVdlg bitbfthé  ¢hai n
shown ih Fig. 18 15 renhdiégstéhiesdunctions: Gather Statistics 60 Rot at e
| mage 6t Wirte Batan 62 —Ran F 63 R pany n 65 20
conver | FEFEkN 06 Upe e R e e R b e
69 The PGU 99 cont ai ns§§[ istdriESH Unct rons W th the exception of |Gather
St at i st Fes—66—Feo—pe cr“.“.“?c Cat-het Statist‘hc" step—the QDH' 10—<4dl|ls the
I mage _H SEBYPam Uni t oSl eode ‘géi‘ffg e %ﬁﬁbj‘;’;gé%eﬁp\zﬁ pyg@gﬂ"ﬁppl i es
sonme1i pl e al gorithrrssts?ﬂrg N &SGR (ﬁrp f Lvaig 448 fsedbay R iln of 25
a;us registeris set. .
the PGQUIQ9 for reasons ofF acturacy ‘and speed.—accuracy . because therfe woul d
be too n&ERCSeEMOry WO Beauys-tiicpptofeyen dery sent fothe paihaded to hol d |t he
entire | MigEaatt hi gh pReat antyy32-Girus pémagentzaivtsuseet ta the priptheadCPU 10 cgnnot
keep YDotCount Read only 32-bit count of yellow dots sent to the printhead.
The MJI's Status Register is a 16-bit register with bit interpretations as follows:
Table 20. MJI Status Register
Name Bits Description
15 LoadingDots 1 If set, the MJl is currently loading dots, with the number of dots
remaining to be transferred in TransfersRemaining.
If clear, the MJl is not currently loading dots
PrintingDots 1 If set, the MJl is currently printing dots.
If clear, the MJl 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,
20 Rsense, and Wsense are valid.
Reserved 3 -
PrintingChromapod | 4 This holds the current chromapod being fired while the Printing-
Dots status bit is set.
PrintingNozzles 4 This holds the current nozzle being fired while the PrintingDots
status bit is set.
10.1.5 Preheat and Cleaning Cycles
o5 The Cleaning and Preheat cycles are simply accomplished by setting appropriate registers:

SetAllNozzles = 1



up with the real-tinme high-speed demands of the Menjet printhead 2. The PGQU
99 takes as input a variety of paraneters, including RGB to CW conversion
tabl es, owost/z2038s for perform ng white bal ance and range pgpamsé/on;s scal e
factors for resanpling, and inage access paraneters that allow for
rotation. 5 The two process chains can be seen in Figure 20. The nost
direct chain goes fromthe Imge RAM g to Buffer 5 via the Test Pattern
Access processl110. The other chain consists of 5 processes, all running in
paral | el’. The et the{fuispralios ragisterfapithgr diow dygaen @ib‘f‘%??s&r?“h%ief‘%a‘lgéﬂda)rﬂf@ and
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via buffers, onI a few bytes between sonme processes, and a few kil obytes
for others. 1P®# | ook at these processes and buffers in a primarily
reverse grder, since the timng for the printhead drives the entire
process 108 i R@Q‘Tf%‘?NEﬁéF?'?L'UF processes and buffer size requirenents are

then nore apparent. In summary however, the buffer sizes are shown in Table
21. Table 21. ThafPriekGeseratos UnihiPGbh9f is aodnelememationef mostgf the PentChain dessjibeds)
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bytes Buffer 2 24 entries 8-bits

12
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Requi rerment s Tte Balance / Range 0 Resanpl e / Convert
to L 1, Egﬁegt'l’&aﬁ'ﬁ’é’lfg‘e"@%tch 64x4x12-bits Sharpen O

The PGU 99 has 2 image processing chains. The first, the Test Pattern mode, simply reads
data directly from Image RAM 11, and formats it in a buffer ready for output to the MJI. The second
contains the majority of Print Chain functions (see Section 3.2). The Print Chain shown in Fig. 18

15 contains the functions:

. Gather Statistics 60
] Rotate image 61
L White Balance 62
L Range Expansion 63
. Resample 64
. Sharpen 65
20 o Convert to CMY 66
] Up-Interpolate 67
° Halftone 68
° Reformat for Printer 69

The PGU 99 contains all of these functions with the exception of Gather Statistics 60. To
perform the Gather Statistics step, the CPU 10 calls the Image Histogram Unit 8 three times (once per
color channel), and applies some simple algorithms. The remainder of the functions are the domain of

25 the PGU 99 for reasons of accuracy and speed: accuracy, because there would be too much memory
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Processes Size Unit (bytes) Conposition of Requirenents Convert to CW

14, 739 3wonvarss® on tables, each 17x17x17x8-bits Upl nt er pot/aveodiofal ft one
/| Reformat 2,500 Dither Cell, 50x50x8-bits Test Pattern Access 0 5 TOTAL
18,391 10.2.1 Test Pattern Access The Test Pattern Access process 110 is
the nmeans by which test patterns are pag)duced Under normal user

circunstances, .thi s proc not be us
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s ahrp oy foury SRERE S AT cBYETIoR. LR WAL Prposehd ' ARS erb P i

pul se, vdmp@mpomatftbﬂang)moctm&smbﬁm fostha genter. Theoprocesées ataicaneadtedadidbdess, orlin
terns of 19 sinply reads three
8-bit valf%vgs S;L%n'v?eeﬁ)é&ﬁgm&%%ﬁ %g%%@?e{sq&%qgs Buf f er 5 118. The first
Bl Ao SRR R B o 0P b e 10D e .
5' s 8- biptinthebdrdaives tRe entifdhprogesdr Boingson particutar plotesseh end huffiet sizef reauiements\aeence
pul e befeibrélQieaint EARER Adielét, RO sHCaradiRss piigener ated for the

| rage RAM 11 are based on a start address and a byte count as shown in
Tabl e 23. Tabl e 2%abides!BUfal bREdHoPPAREGerdpbAUME S  Regi ster Name

Descr i PH-o6# Festibdebrabled—-f I—7Test Mode—+s—enabled—251F C, Festibde
I's not enabl ed. |WHigd/ 20549 PCT/ AUCO 01075
Buffer (bytes) Composition of Buffer
Buffer 1 188 | Red Buffer = 6 lines of 6 entries @ 10-bits each = 45 bytes
15 Blue Buffer = 6 lines of 6 entries @ 10-bits each = 45 bytes
Green Buffer = 13 lines of 6 entries @ 10-bits each = 97.5 bytes
Buffer 2 24 | 6 x4 RAM

3 lines of 4 entries of L @ 8-bits each = 12 bytes
3 colors x 4 entries @ 8-bits each = 12 bytes

Buffer 3 3 | 3 colors(RGB) @ 8-bits each
Buffer 4 23,040 | 3 colors(CMY) x 6 lines x.1280 contone pixels @ 8-bits each
Buffer 5 9 | 3 x 24 bits
20 TOTAL 23,264
Apart from a number of registers, some of the processes have significant lookup tables or
memory components. These are summarized in Table 22.
Table 22. Memory requirements within PGU Processes
Size
Unit (bytes) Composition of Requirements
Rotate/ White Balance / Range 0
25 EXpand
' Resample / Convert to L 1,152 | 3 kernels, each 64x4x12-bits
Sharpen 0 '




-51 Table 23. Test Pattern Access Registers Register Nane Description
DataStart Start Address of test data in |mage RAM DatalLength Nunber of 3
byt es i nwest2idas a The fol |l ow ng pseudocode illustrates ther/agdye®ss
generation. The AdvanceLi ne and Advance pul ses are not shown. 5 Do Forever
Adr = DataStart Remaining = DataLength Read Adr into Buffer 5 (0),
Adr=Adr+1 Read Adr into Buffer 5 (1).sfAdr=Adr+l Read Adr into Buffer 5

(2), Adr=Adr+1 = Renmi, n| n emai ning = 0) Remaining =
Dat aLength _EndDo ﬁeﬁér}?‘f{%" &% 8ﬁsl"Y'€f\P %{"‘Uhﬁ% CEPAY 10 to ensure that the
data is| neani ngful for the printhglggl 2. Byte 0 is the nozzle-fire data for
the 8 segrrents of gaien (bit 0 = th 0 et goa,poﬁys,eoflRéqg,rg,h@ntgane for

TBge N A R B Gy 2 T O o O T e T3 B vERoh (e SaR TR A gl O ven

pi xel s separate 15_horizb Buffer 5
118 hol dgp'ﬂ‘lﬁf@Olﬂ@Hé'faHtoéﬁl/B?fP@Wr :)n?i5ﬂ% Ditgr Cell Fﬁo?‘f’ﬂxsééﬁerat i on _process.
Buf f er bTestbattrsAcesd a 24-bit shiftoregister to hold dots generated one at
a tinme TH@MAL Ne UARU I13~ (UPINfqgRel @t e- Halftone and Refornmat Unit), 3
8-bitSregisters to hold the data—sgenrefated fromthe TPAU (Test Pattern
AccessUno.z), 3JestPattérh-Adcess egi ster used as the buffer for data transfer to
the MII (Menjet 20 Interface). The Advance pulse fromthe MIl | oads the
24-bi t Transf aheTegt Fxttern Adcess prbdes241bist the meahd1By whith test patems e pioduced.
regi ste L€lg ffer . ef pr as a
oubi e - B 2iaEt Ao ricaby s Bticbds i BE e, I ol BRLRSHY RREEE . °3
shown in Figur 3 Buf.f 7Buff 11 cal cul at ed
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outpuwt dots for the printer. 549 PCIT/ Al 010
The data read from Image RAM 11 is read in a very simple wraparound fashion. Two

A‘r

registers are used to describe the test data: the start address of the first byte, and the number of bytes.

When the end of the data is reached, the data is read again from the beginning.
The structure of the Test Pattern A~~ess Unit 110 is shown in Figure 43.

As can be seen in Figure 43, the Test Pattern Access Unit 110 is little more than an Address

15 Generator 119. When started, and with every Advanceline signal, the generator reads 3 bytes,
produces a TransferWriteEnable pulse, reads the next 3 bytes, and then waits for an Advance pulse. At

the Advance pulse, the TransferWriteEnable pulse is given, the next 3 bytes are read, and the wait
occurs again. This continues until the Advanceline pulse, whereupon the process begins again from

the current address.

In terms of reading 3 bytes, the Address Generator 119 simply reads three 8-bit values from
ImageRAM 11 and writes them to Buffer 5 118. The first 8-bit value is written to Buffer 5’s 8-bit address
20 0, the next is written to Buffer 5’s 8-bit address 1, and the third is written to Buffer 5’s 8-bit address 2.

The Address Generator 119 then waits for an Advance pulse before doing the same thing again.

The addresses generated for the Image RAM 11 are based on a start address and a byte

count as shown in Table 23.

Table 23. Test Pattern Access Registers

Register Name Description
TestModeEnabled If 1, TestMode is enabled.
If 0, TestMode is not enabled.

25




-52 The size of the Contone Buffer is dependent on the physical distance
bet ween the nozzles on the printhead. As dots for one col or are being
gener at ewwd or2me physical |ine, dots for a different cobPoT/ADM/@OT f ferent
| i ne are being generated. The net effect is that 6 different physical |ines
are printed at the one tine fromthe printer - odd and even dots from
different output |lines, and different 51' nes per color. This concept is
expl ai ned and the @%gnlp s are gefln jn Section 2.1.1. 5 The practical
upshot is that thdpePRs TestPafiern Afeass g'quﬁsh. gh-res dots fromthe even
cyan dots [hroual.t genta dots to t es%ﬂgt el low dots. Injorder to
mnimze ge —anﬂLh nce Fedium-res—contdne pi xel s
that gener af B2PREEe hi qh-rn§taﬂ(ﬁd9’ea?%ftﬁiﬁf’?tél”b'ﬂ‘aﬂ?l%ffer 4. Sirlce the ratio
of medi um r pPatalength t 0 hi ghNuomberlof Bieges iv tdst 8ataeach nmediumres I|fine is
sanpled 5 S.1.n each urpases, of buffer |ines, we
are onl'y concear RPN ReeperHpALTire e gt GFREBART duf At e ont 85 g
from a gulsegs ae potsedwr.i ne. The di stance between nozzles of different colors
is 4-8 dots (depending on Menjet paraneters). W therefore assune 8, which
gives a 10 separation distance of 16 dots, or 17 dots in 1nclusive

di stance. The WOrst tase scenario is that the 17 dot lines includes the

| ast dot |ine fPémraPagrIrer: pixel line. This inplies 5 pixel lines, with dot
| i nes gener at edem@Snihg Spataredythl, and all ows an increase of nozzle

separation to 1Q..,TQs,e084r&EAaL (topeAgpggque generation process witing to
the buffer does not Interfere wt he dot generation process reading from

the buffer, we ZtRf 24 é‘}&’r%‘fﬁeédf‘dr’d'régrﬂ"iiﬁ‘é per color, for a total of 6

| i nes per coI or Redkbadkhénto OBVt O¥res baf f edr4agrditherefore 3 colors of 6 |ines,
each |ine cont aleﬁaqgm 28(;2,3@l Rit_contone values. The total nenory required
is 31x 6 x 1280 230 0. byt es 22.5 KBytes). The nenory only requires a
single 8-bit r edfi BEP eI 2% and a single 8-bit wite every 25 cycles (each
contone pixel is Rewaning5 Ppymdedeth The structure of Buffer 4 is shown in
Figure 45. Bukh®o 4 can be inplenmented as single cycle double access (read
and wite) RAMrunning at the nomnal speed of the printhead dot
generation process, or can be inplenmented as RAMrunning 4% faster with

only a single me@e r&poditiilfyEof MeCEFAP 1 (PR enE tdt thaeatBssfrﬁe%hmaful or tﬁ@bnﬁtﬁéaﬂ’@' te
(all 0) befor he start f t he print nt er pol at e,

pr oc
Hal ftoné‘vteé?ﬁat Peé'? £ d#p for pei8ie ff‘e’)iff’ ﬁ"Phe*eGJﬁe'?‘Hte&rLipBY‘%ﬂ  he£34 Bhe,
and Ref erag@ita,Fow Bté Dif@r yellows kaitednbi: sote ofie4 biteedreafsr odisgyan a»txelstsﬁsktsteb)by 1
Sectilg,)n ?nzéhtgrdoﬁ?%tl on 3.2.9 and Section 3.2.10 respectively, they are
i mpl emen Single process in the hardware inplenentation of the PCP
3. The input to_ the Up-interpolate, Halftone and Reformat Unit (UHRU) 113
is the EB’Etzong““?’S"’b\?ffer (Buffer 4) 117 containing the pre-cal cul ated CW
1280-res (internediate resol ution |rnalgf The output is a set of 24-bit
val ues in the RU4ET 2318 Beldreine iagnesated dats Tiog thﬁé*"Wﬁrﬁ'@E Cenfratiop Reesess; Bufer 5
subsequestsistdOof) 2/ 2451} nifCagiAIkd AdIO Tots generated one at a time from the UHRU 113

(Upinterpolate-Halftone and Reformat Unit), 3 8-bit registers to hold the data generated from the TPAU

. (Test Pattern AccessUnit), and a 24-bit register used as the buffer for data transfer to the MJI (Memjet
20 Interface). The Advance pulse from the MJI loads the 24-bit Transfer register with all 24-bits, either
from the 3 8-bit registers or the single 24-bit shift register.

Buffer 5 therefore acts as a double buffering mechanism for the generated dots, and has a

structure as shown in Figure 44.

10.2.3 Buffer 4117

Buffer 4 117 holds the calculated CMY intermediate resolution (1280-res) contone image.
25 Buffer 4 is generated by the Color Conversion process 66, and accessed by the Up-Interpolate,

Halftone and Reformat process 113 in order to generate output dots for the printer.



-53 output to the printhead via Buffer 5 118. The 24 output bits are
generated 1 bit at a tine, and sent to the 24-bit shift register in Buffer
5 118. Thwooomsudl of this process occurs fromthe AdvanceCradorawainceli ne
signals fromthe MJII 15. Wien the UHRU 113 starts up, and after each
AdvancelLi ne pul se, 24 bits are produced, and are clocked into the 24-bit
shift register of Buffer 5 by a ShiftWjteEnable signal After the 24t h bit

has been 5 cl ked i ransferWite t he next
b te are. y i eie Sl hopioe B ® g4ranay pring phyare| SieSeod bR g M es
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wi |1 oceybr. ¢iiEdhcest uscékﬁllaﬁéd bhehe abhRdes a?%“efh&& iREe&ipRLALE, Hal ftone and

Ref ormat process can be seen in Figure 46. The Hal ftone task is undertaken

by the sinple t T
oo at o oo Pl A G RE S %Wﬁg%%%efﬁ Righ 46t deiBtipne Libnicfet iy,
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det er m iggfl, ¢ nidarim sl Eshidhe GRaB it GéneritéthBse ML B6ts drdufidvel MBUEBS4r es t hat
the addresses into the 1280-res i mge match the segnment-oriented order

required for tdyReRhd r@ﬁ&&a\%dnu-ﬁh@s ARkdrie Aigh-FRNRESE 15, SR infedMreral i id 3ampled

t herefore undert akes the -Interpolation and Reformatting for Printer

t asks. RAfMGaM B AMENFIR-§ °'£a g 8yPo °éHE"TeF dnes; We angronly qopegEned yithif; dipension,
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4) 1179 amr@ns distangg af Ha dots e 1(6@91@311 aclwveltmanspseﬁemestcma@gmarlbaﬁiketphef ‘r7om
the dit et ing®hdciudesling Qast B iR fiofa %Rz@ﬁlg%lelﬁ':eaﬁ% fpties 5 pTJ&?hrlé@' Mtpﬁ'étriﬁeé ask

is the sane as described by Section However, since the out put s
are gen8FMIEd #h! Ohe Scbhrpeaionsg dicreass °ft'19éz'?)?‘?pﬁ{aﬁ%'61°t he size of t he
Dither Cell 121 is chosen so that it divides evenly into 800. Consequently
a gi ven posi til@rensyehak thei ORlERe geieratipp progere vyiigerinine Riffer daes nat fderlegmitit or
the r errmemdﬂger%raﬁ.e@ PRBés rediiing(hoating iblife?f we 8dd a6 funfire8aihé BéraloR Y a
result. A% g?ej |bedI in Section 3.2.9, the same position in the dither
cel | calPtB& GUEFPFSP'i fferent col ors due to the fact that 20 dlfferent
I|nes are bei n_I%F%enerat ed at the sane tine for each of the calors.

addr gssi ng f orMeivantene Pl is harefores qorpss rlings fEFh Enesonining \REC §tbé{r°f’“ta'ﬂe
parti culaltes. Oné tofal freenobt @g@eﬂedsa 6 hapsc el23040ebyes @R KBytes) TRe nfemost ortlt t her
Cel L SIS s 50 o b o, 45 0 01 ke i BSERLZAISIER e |
row 0. Nadé?ﬁtlmm)rwe@ycwowmﬂlﬂﬁ)@knm@mﬁy 0. This continues for aII
19,200 cycles in order to generate all 19,200 dots. The Halftone Unit then
stops and waiBufferf4rantbhénpleiventetdsi sTeleptle doukiie arkessdead snd Weite HiYAM esping at
gener at ffe dofhyBfLBEFE tidfbrin/AEad\i berdoliioh Brobls, ordird fiimofeflehtod 22RANFRAAGST o

Dither cell 121'1s so ca ause | fers froma regular dithér cel |
by faster with only a single read or write access per cycle

20 Buffer 4 is set to white (all 0) before the start of the print process.

10.2.4 Upinterpolate, Halftone, and Reformat For Printer

Although the Up-Interpolate, Halftone, and Reformat For Printer tasks 113 are defined as
separate tasks by Section 3.2.8, Section 3.2.9 and Section 3.2.10 respectively, they are implemented
as a single process in the hardware implementation of the PCP 3.
The input to the Up-interpolate, Halftone and Reformat Unit (UHRU) 113 is the contone
25
buffer (Buffer 4) 117 containing the pre-calculated CMY 1280-res (intermediate resolution) image. The

output is a set of 24-bit values in the correct order to be sent to the Memijet Interface 15 for subsequent



having the odd and even |ines staggered. This is because we generate odd
and even pixels (starting WO 01/20549 PCT/ AUOCO 01075 -54 from pi xel 0) on
di fferentwodonasg9 and saves the Address Cenerator 122 fronPamaiingomes advance
to the next row and back again on alternative sets of 24 pixels. Figure 25
shows a sinple dither cell 93, and howto map it to a staggered di t her

cell 121 of the same size. Note that fgf. determ ning the ‘oddness" of a
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Yel | owEven 6
Magent a Openeruired fey; the printhead. ThedAddiegs 5‘3%]]’?0'13}3@ Nagching jfgfﬁpremrldfrtglquéhe( OnI y
hol ds i WhagepolR®Intdn@Refrmattifg H0PRnter tasks. Rather than simply access an entire line at a time

at high resolution, and then reformat the line according to the printer lookup requirements (as described

in Section 3.2.10), the reformatting is achieved by the appropriate addressing of the contone buffer
15 (Buffer 4) 117, and ensuring that the comparator 120 uses the correct lookup from the dither cell 121 to

match the staggered addresses.

The Halftoning task is the same as described by Section 3.2.9. However, since the dot
outputs are generated in the correct order for the printhead, the size of the Dither Cell 121 is chosen so
that it divides evenly into 800. Consequently a given position in the dither cell for one segment will be
the same for the remaining 7 segments. A 50x50 dither cell provides a satisfactory result. As described
in Section 3.2.9, the same position in the dither cell can be used for different colors due to the fact that

20 . different lines are being generated at the same time for each of the colors. The addressing for the dither
cell is therefore quite simple. We start at a particular row in the Staggered Dither cell (e.g. row 0). The
first dither cell entry used is Entry 0. We use that entry 24 times (24 cycles) to generate the 3 colors for
all 8 segments, and then advance to Entry 1 of row 0. After Entry 49, we revert back to Entry 0. This
continues for all 19,200 cycles in order to generate all 19,200 dots. The Halftone Unit then stops and
waits for the AdvanceLine pulse which causes the address generator to advance to the next row in the

dither cell.

25
The Staggered Dither cell 121 is so called because it differs from a regular dither cell by

having the odd and even lines staggered. This is because we generate odd and even pixels (starting



25 The initial values for the 6 buffer line registers is the physical dot
di stance between nozzles (renenber that the fractional conponent is
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is to beuigwad for a given color's odd or even pixels. To determ ne which
of the 1280 nediumres pixels are read fromthe specific I|ine of Buffer 4,
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Address counters (X P_ADR) to 0O and advance the 6 buffer line registers.
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Cyan. sedimiitin e 3k FOsRIBR Kithi® séiPdnt 0, and a single temporary counter P_ADR (pixel address)

is used to offset into the remaining 7 segments.

In summary then, address generation for reading Buffer 4 requires the following registers, as

shown in Table 24.

Table 24. Registers Required for Reading Buffer 4

Register Name Size
CyanEven 6 bits (3:3)
CyanOdd 6 bits (3:3)
20 MagentaEven 6 bits (3:3)
MagentaOdd 6 bits (3:3)
YellowEven 6 bits (3:3)
YellowOdd 6 bits (3:3)
Cyan_P_ADR 14 bits (11:3
Magenta_P_ADR 14 bits (11:3
Yellow_P_ADR 14 bits (11:3
P_ADR 11 bits (only holds integer portion of X_P_ADR)

25
The initial values for the 6 buffer line registers is the physical dot distance between nozzles

(remember that the fractional component is effectively a divide by 5). For example, if the odd and even



Cyan_P_ADR += 1 pixel for cyan (nods) 1 CyanEven:P_ADR P ADR += 160
Advance to segment 1 (cyan) 2 CyanEven: P ADR P ADR += 160 Advance to
segnent av@oyasy9 3 CyanEven: P_ADR P_ADR += 160 Advance tPCHAgn®M73 (cyan)
25 4 CyanEven: P_ADR P ADR += 160 Advance to segnent 4 (cyan) 5

CyanEven: P_ADR P_ADR += 160 Advance to segnent 5 (cyan) WO 01/20549
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The 6 buffer line registers then, determine which of the buffer lines is to be read for a given
color's odd or even pixels. To determine which of the 1280 medium res pixels are read from the specific
line of Buffer 4, we use 3 Pixel Address counters, one for each color, and a single temporary counter
(P_ADR) which is used to index into each segment. Each segment is separated from the next by 800
dots. In medium res pixels this distance is 160. Since 800 is divisible exactly by 5, we only need use the

15 integer portion of the 3 Pixel Address counters. We generate the 8 addresses for the even cyan pixels,
then the 8 addresses for the even magenta, and finally the 8 addresses for the even yellow. We then do
the same for the odd cyan, magenta, and yellow pixels. This process of two sets of 24 bits - 24 even
then 24 odd, is performed 400 times. We can then reset the Pixel Address counters (X_P_ADR) to 0
and advance the 6 buffer line registers. Every 5 line advances, the next buffer line is now free and

- ready for updating (by the Convert to CMY process). Table 26 lists the steps in a simple form.

Table 26. Address Generation for Reading Buffer 4

20
# Address Calculation _ Comment
- P_ADR = Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advance to next
Cyan_P_ADR += 1 pixel for cyan
(mod>5)
1 CyanEven:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
2 CyanEven:P_ADR P_ADR += 160 Advance to segment 2 (cyan)
3 CyanEven:P_ADR P_ADR += 160 Advance to segment 3 (cyan)
25 4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4 (cyan)
5 CyanEven:P_ADR P_ADR += 160 Advance to segment 5 (cyan)




Cyan_P ADR Cyan segnent 0 and advance to next Cyan_P_ADR += 1 pixel for
cyan (nmod5) 25 Cyan(Qdd: P_ADR P_ADR += 160 Advance to segnment 1 (cyan)
etc. 20 Weopsswlocode for generating the Buffer 4 117 adPe®Pave®0ioss shown
here. Note that it is listed as a sequential set of steps. Table 26 shows
a better view of the parallel nature of the operations during the address
generation. % Cal cul ate start positiongg.CyanEven = 0: 0 CyanOdd = CyanEven

+ 0:1 MagentaEven = anQdd + 1:3 . 2 ent = Magent aEven + 0:1
Yel | owEven = Naqeﬁegﬂeg\é-lgdqesg%e@jwzgg%egaﬁeﬁ 6#01075 -57- Yel |l owQdd =

vel | onyeq <10 T Dyl id o5 (depcegs,giof 1] 5 2¢)  OQIEAT ~ 0
pi xel s [Br t h@y"‘f'iEt"g”t PARR of 28 APRs=160ADR = | AfvaRes10 8999antH (¥8N)cyan_P | ADR
Cyan_P_ADR +FCganEverl® ADR i nes FRABBBEf 166r 4( | | neA®pacetv eegment X &lyah) ADR) |P
ADR += [0 EngiXhevdPp FADROR = [THB@&T POr i1 0N DEeddrsl€Rldiess fdNaven gntalpP
Adr += D:1 Dp t1 mes ReadBuf fMHgéﬁtbl pepyagent afygiita RMertoRndl anc@toADR +=
160 Esnd Do P{ ADR = | nteger pdg r,\}idgggnlaq; ABH L OW Prnéablixel for magenta
(mod5)
9 MagentaEven:P_ADR P_ADR += 160 Advance to segment 1 (magenta)
10 MagentaEven:P_ADR P_ADR +=160 Advance to segment 2 (magenta)
" MagentaEven:P_ADR P_ADR += 160 Advance to segment 3 (magenta)
12 MagentaEven:P_ADR P_ADR += 160 Advance to segment 4 (magenta)
13 MagentaEven:P_ADR P_ADR += 160 Advance to segment 5 (magenta)
14 MagentaEven:P_ADR P_ADR += 160 Advance to segment 6 (magenta)
15 MagentaEven:P_ADR P_ADR += 160 Advance to segment 7 (magenta)
10 16 MagentaEven:P_ADR P_ADR = Generate address for even pixel in
Yellow_P_ADR Yellow segment 0 and advance to next
Yellow_P_ADR += 1 pixel for yellow
(mod 5)
17 YellowEven:P_ADR P_ADR += 160 Advance to segment 1 (yellow)
18 YellowEven:P_ADR P_ADR +=160 Advance to segment 2 (yellow)
19 YellowEven:P_ADR P_ADR += 160 Advance to segment 3 (yellow)
20 YellowEven:P_ADR P_ADR += 160 Advance to segment 4 (yellow)
15 21 YellowEven:P_ADR P_ADR += 160 Advance to segment 5 (yellow)
22 YellowEven:P_ADR P_ADR += 160 Advance to segment 6 (yellow)
23 YellowEven:P_ADR P_ADR += 160 Advance to segment 7 (yellow)
24 YellowEven:P_ADR P_ADR = Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advance to next
Cyan_P_ADR += 1 pixel for cyan
(mod5)
25 CyanOdd:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
etc.

20 The pseudocode for generating the Buffer 4 117 addresses is shown here. Note that it is
listed as a sequential set of steps. Table 26 shows a better view of the parallel nature of the operations
during the address generation.

% Calculate start positions

CyanEven = 0:0

CyanOdd = CyanEven + 0:1

MagentaEven = CyanOdd + 1:3
25

MagentaOdd = MagentaEven + 0:1

YellowEven = MagentaOdd + 1:3



Yellow P Adr += 0:1 15 Do 8 tinmes ReadBuffer4(line=Yell owkven, pixel=P ADR)
P ADR += 160 EndDo % generate the odd pixels for the first set of 24 bits
P ADR = woegars4porti on of Cyan_P_ADR Cyan_P_ADR += 0:1 POT/ADI@0MTITES
ReadBuf f er4(1i ne=CyanCdd, pixel=P ADR) P ADR += 160 EndDo P_ADR = I nteger
portion of Magenta P ADR Magenta_ P Adr += 0:1 Do 8 tines

ReadBuf f er 4(1 i ne=Magent aCdd, pixel =P_ABPR) 25 P ADR += 160 EndDo WO

01/ 20549 PCT/ AUOQ 01075 ~-58 P ADR = Integer portion of Yellow P ADR

Yel low P Adr YEL16Fdry, Y8l lppEren “REBUf f er 4( | i ne=Yel | owadd, pi xel =P ADR) P
ADR += 160 EndDo 5 % Now can advance to next "line" CyanEven += 0:1

CyanQdd += 0: 3o NVBgGREt@ Bs b7 Ride sMagentaQdd += 0:1 Yellowkven += 0:1
Yel | owOdd += O: % 10 En D(()) EndDo

Magenta_P_ADR = 0
Yellow P_ADR = 0
Do 400 times
% generate the even pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan_P_ADR
Cyan_P_ADR += 0:1
Do 8 times
ReadBuffer4 (line=CyanEven, pixel=P_ADR)
P_ADR += 160
EndDo
10 P_ADR = Integer portion of Magenta_P_ADR
Magenta P_Adr += 0:1
Do 8 times
ReadBuffer4 (line=MagentaEven, pixel=P_ADR)
P_ADR += 160
EndDo
P_ADR = Integer portion of Yellow P_ADR
Yellow P Adr += 0:1
15 Do 8 times
ReadBuffer4 (line=YellowEven, pixel=P_ADR)
P_ADR += 160
EndDo

% generate the odd pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan_P_ADR
Cyan_P ADR += 0:1
20 Do 8 times
ReadBuffer4 (1ine=CyanOdd, pixel=P_ADR)
P_ADR += 160
EndDo
P_ADR = Integer portion of Magenta P_ADR
Magenta P _Adr += 0:1
Do 8 times
ReadBuffer4 (line=MagentaOdd, pixel=P_ADR)
25 P_ADR += 160
EndDo



10.2.5 Buffer 3 116 Buffer 3 is a straightforward set of 8-bit R G B

val ues. These RAB val ues are the sharpened nediumres (1280-res) pixels
gener at eavdy1/2d3¢9 Shar pen process 65, and read by the ConvP€T/AU00/@NNS
process 66. 15 It is not necessary to double buffer Buffer 3 116. This is
because the read (Convert to CWY) process 66 only requires the RGB val ues
for the first 39 cycles, while the wikge (Sharpen) process 65 takes 49
cycl es before bei ngrDr eadg/ to actual Iyéﬁ/ﬁldate t he RGB val ues. 10.2.6 Convert
to CW 66 The con¥<P8i oA TPHmPREE 8 PFPHE formed in the nmedium

resol uti on space {4128@Q-Pra®)+= asl described in Section 3.2.7. 20 The
conver si on procesgoQGm,r,gg produce the contone buffer pi xel s (Buffer 4) 117
at arate fast enough to E upl og t he lIJpI rpoI at e- Hal f t one- Ref or mat
process 113. Since &ath Sn‘*[((]) = 7ar 8% 8V ised™ P 6r 25 cycles (5 tines in
each of the x and yPdiPRerrsions), the conversion process can take wup to 25
cycles. This totakspéd cycles for all 3 color conponents. The process as
described here only requires 14 cycles per color component, with the input
RGB V@l ues actually freed after 39 cycles. |If the process is inplenented
with | ogic that r&dirrees afeerssste P3tt'ditdie i nput RGB val ues for nore than

49 cycl es, then Buo$dneven3+<126 Wi || require double-buffering, since they are
updat ed by the Sharpgii Ng [Rfocess 65 after this time. WO 01/20549
PCT/ AUCO 01075 - The conver sr on is perforned as tri-Iinear

i nterpol ation. ThM¥E™PEYS® 17 %117 | ookup tables are used for the

conver si on procesBageRGRAE 6=CQran 90, RGB to Magenta 91, and RGB to Yel |l ow
92. However, singg& i ¥g:Bave 2% cycles to performeach tri-linear

i nterpol ati on, therlel |s 42 neled for a fast tri- linear interpolation unit.

I nstead, 8 caIIs {9 89 néal i nterpolation process 130 is nore than
adeqwite Addr e8zdbgener ati on for indexi ng into the | ookup tables is

strai ght f or waegkpoVWe use the 4 nost 5 significant bits of each 8-bit col or
conponent for—address—generation—and-the 4 least signhificant bits of each
8-bit color conponent for interpolating between values retrieved fromthe
conversr,ﬁgst aBlLfisr3qfge addressing into the |ookup table requires an adder
due to the fact that the | ookup table has dinmensions of 17 rather than 16.

Fortunately, r@arféea%xg%r@méram t HSTRH, dja%ruggmése% Rreéarat&ﬁﬂos% rpérieg and

t herefore does not re e an adder or bi t
nunber Bgdigmpzey Q@@)‘feﬁlsplm genergted i theyShames P{ﬂ‘)‘ﬁiﬁ 65 ancbigad bxtie |C|°nv?g't aC¥hgl e
add. Al plhesglest he interpol ation could be perforned faster, we use a single
addejs to generate 10 addresses and have a single cycle int erpolation unit.

Consequent |y v&s Rétdeddibsy Ecﬁ’do%@lle%uﬁf&ﬁaﬁfférhenslmﬁé B&dzatd @B réaer(c&e@ﬁr@éwp a
single color conponent fromR@ in 14 cycles, as shown in Table
process 66 only requires the RGB values for the first 39 cycles, while the write (Sharpen) process 65

takes 49 cycles before being ready to actually update the RGB values.

10.2.6 Convert to CMY 66

The conversion from RGB to CMY is performed in the medium resolution space (1280-res)

as described in Section 3.2.7.
20

The conversion process 66must produce the contone buffer pixels (Buffer 4) 117 at a rate
fast enough to keep up with the Upinterpolate-Halftone-Reformat process 113. Since each contone
value is used for 25 cycles (5 times in each of the x and y dimensions), the conversion process can take

up to 25 cycles. This totals 75 cycles for all 3 color components.

The process as described here only requires 14 cycles per color component, with the input

RGB values actually freed after 39 cycles. If the process is implemented with logic that requires access

25 to the input RGB values for more than 49 cycles, then Buffer 3 116 will require double-buffering, since
they are updated by the Sharpening process 65 after this time.



process nust be repeated 3 tines in order to generate cyan, nagenta, and
yel | ow. Faster nethods are possible, but not necessary. Table 27.
Trilineawont/aspol ati on for col or conversion Cycle Load EP€¢rPaUIV@OFERt Ch
Adjust ADR register Interpolate 1 ADR = 289R 15 2 ADR =ADR +17G 3
ADR=ADR+B 4 P1 RGBB ADR = ADR + 1 5 P2 RGB+1 ADR = ADR + 16 6 P1 RG+t1 B ADR
= ADR+ 1 P3 =Pl to P2 by B 7 P2 RGtigB+1l ADR = ADR + 271 8 P1 R+1GB
ADR—ADR+1 P4= P1 to P2byB 9 P2 R+1CGB+1 ADR=ADR+16 P5=P3 to P4byG 20 10 P1
R+l G+l B ADR hegppyersiop ipperforpad gs fripigeqsintegpolation ghreg 1y {71 B Ipokup tabjesisie ¢
P2byB 18edforftd todvdrdibry procdsé: ReBStoofi@hyde, REB theageniand1] ahd RGE/ to ‘aeusWrggl e
A e (o T e e T T PR
-2 egihmaemrmatldn unﬂSImuam@mllsaa@éideefrﬂMQIMQn lProokasp 30 ébohers thapadegtate.
registers are used for the output fromthe interpolation unit. Note that
t he input t 0 tAxdrdss pe@ratiomfoe indedirgy intoriheinokup itableslisrsinaightiorpandr We fus@thleidtmost
register g%g i's
done Fel e‘r%tf) éfs J?g éffae ﬁéég)rr%e%l St ﬁtsérg%ld#egg ééoﬁ op]aggﬁ\enﬂg%t Fgl"ic%m 'ﬂ% of. A
regi st eﬁaqre@cbIh@ﬂlmompmnte‘oruntprpoﬁﬁragebeﬂwm|vsavewir@mdafr@@ithem@/e@mn tebleso I t
can be \é/aarbgs% lﬁtQtﬁeh&kap@BIQPéduﬁé&H maﬁdmo ihB fﬁ%mﬁe naoku%lzuﬂ@ﬁdsraﬂnéda%naext

cycle. A block diagram of the Convert can be seen
Fi gure &é”ﬁ@%‘ﬁrﬁ‘%@ ﬁ@”maé%%"fpy'ﬁgu? étb'trrlh'ﬁ‘bgrox é’ér?@r'éta@ &YapmGeRn &X, and

resul t a%réf&@'@!o@@ﬁﬁt%w@bﬁ( 8hdek 3r MLAPIRA ana rﬂuﬂﬁ)f?mb ey &V%b%?ﬁ% FE@sH b E
buffer. The process is then run again on the Same RG input'to generate

t he mgé?ﬁhﬁyﬁ‘P%@mp"Fmeg RAHTENGES dne pixel is stored into the magenta
1280-res contone buffer. Finally, the yell ow contone pixel is generated
fromthe sane thdbﬁﬂ”mr@ﬁﬁjmf‘ 1FeUIH b& perfaried fasterowe use etingles addep fgenerte t he
yel | oov hdéesdes ané Mald assinyf &@re) mteTﬂHhtlanddhneS@ong&ﬂu@ﬁt@t wonird able W5 ichiciigte tthe t he

t ffe
e iAol og Deierating 2 5P poP Rl ot R 14 et e ST e 2 TR o
buf f er s proc@dsanuSy bereheritédss times imwidet teigetevate nyanymagenth and yedowtigstat metbodsaye | e
30, and Yel O W@t felEy45. The pi xel

Table 27. Trilinear interpolation for color conversion

Cycle Load Effective Fetch Adjust ADR register Interpolate
1 ADR =289R
15 2 ADR = ADR +17G
3 ADR=ADR +B
4 P1 RGB ADR =ADR + 1
5 P2 RGB+1 ADR = ADR + 16
6 P1 RG+1B ADR =ADR + 1 P3=P1toP2byB
7 P2 RG+1B+1 ADR = ADR + 271
8 P1 R+1GB ADR = ADR + 1 P4=PitoP2byB
9 P2 R+1GB+1 ADR = ADR + 16 P5=P3toP4by G
20 10 P1 R+1G+1B ADR =ADR + 1 P3=PitoP2byB
11 P2 R+1G+1B+1
12 P4=P1toP2byB
13 P6=P3toP4by G
14 V=P5toP6byR

As shown in Table 27, a single ADR register and adder can be used for address generation
into the lookup tables. 6 sets of 8-bit registers can be used to hold intermediate results - 2 registers hold
25 values loaded from the lookup tables, and 4 registers are used for the output from the interpolation unit.

Note that the input to the linear interpolation unit is always a pair of 8-bit registers P1/P2, P3/P4, and



10 address is increnmented by 1 every 75 cycles (after all 3 colors have
been witten). The line being witten to increnments with w appi hg once
every 5 Adoanzisid ne pul ses. The order of |ines being witPeENVAUI®I0SS Si npl y
0-1-2-3-4-5-0-1-2-3 etc... Thus the wites (25 x 1280 x 3) balance out with
the reads (19200 x 5). 10.2.7 Buffer 2 115 Buffer 2 accepts the out put
fromthe Resanpl e- CreateLum nance procgss 112, where a 15 conpl ete RG and
L pixel s gTenerat ed for g)lven pi xel coardinate. The o gnt fromBuffer 2
115 goeBE¥PPo 'st%d‘?é}?é’feb%‘?tﬂ}‘ ediCe ERgistefAPIRFiop logisi 'Pé&c'%”s‘@? "ggiptelpf31holds

| um nanae exm:lm fih3ly carnlaet ETheM@ibit lesultiar @k writén the Bgpraeaedocatismis @yterd | v,
during arﬁj st at[;'g%]xlta&qorocess 65, there is need for access to the 3 x 3
array MU Naf€e“Nral ues, as well as the correspondi ng RGB val ue 136f or

t he center ance . At the ne ti t he next nance val ues
and the cor re?b% |df‘?§Paﬂt§"2:e (ﬁcfné?” (?aqurﬁﬁ%sfrggéa'b%? %el?f‘éﬂ':éﬂ”e géjn t he

Resanpl e- Creat.eLum nance roc ss 112. The |l ogical view of acces

Buf fer 2 115 iASSYRBHAE PRS ?sds E‘F‘dﬁ’?@%@e’a‘?ﬁéﬂ‘a&ed‘aﬁu tf"}‘rﬁYaé‘rF@H‘P’éﬁF?"éFE'séf”%ffer
2 115 i stesthepdysin a280ared crntbng Blﬁfeem[hlby@roc&sé)ist th&AKGn wgdirhon kre sar@dRGB Ihpug ton

Lgﬁg t Zpg%na?ﬁét%%e%a%\éhtgl B(gl trrh‘? m% n%: EdnYo%e%Wef é sl%%dqmtg\{h%l r}{%hﬁan&f %BtcPﬁlglj\
whi ch ebfeectFinaly, yhei mmvemtws pwe;s q;eqmamwfremtheﬁamesﬂaﬁﬂs inputcandiee reswitanteyellow

buffer’ ﬁlxg%ﬁorgylngotﬁé’l/éﬂgw1@Qﬁﬂegb&ﬁ’onegﬂﬁerf act that we don't require the
fourth colum of RGB data is not relevant, and nerely uses 3 bytes at the

saving of not T'H@‘éhé}gsst&nbﬁﬁée@@&mtmﬁ%ﬁﬂle' ﬁrﬂ&&%nﬁf@r @nffért4) aifli sﬁé\&rﬁmatr& A

logic. In a given ' M can eit ten to or read from The
| o0 andingaRese At A SR G EOPSHEHUMELL LHERMETR ©GaTLTHIeEe FAOREEE. ¢ o
keep_ UDTHE Ol il WIAIHA3h R 80 EGHAUTH 040 Yol @lcyld 85218 S pen

The fharpen Unit 65 ns shar ni sk descri be t| on
35 o it e gur b aveRls Bioks G1e A A eITE AN Bl T PSR
Shar penwtitentto Glsremests wite eypappingwnieevielyss Adyaneet ine pulsesCie pderaé firges B8ing whitterh
inplies t 2. RGE pi,> \

Shar pont s PR 0ok a7 e Tl (N LR 80 f e oty GHEDE Frac (20
fromth&S5RG 5 data and stored in Buffer 2) and addl ng the filtered L back
into the RGB conponents, as described in Table 12 within Section 3.2.6.2
on page1®@2.7 TBeffeipinsass filter used is a basic highpass filter using a
3x3 convol ution kernel, as shown in Figure 50. The high pass filter is

cal cul at ed oveuffdO2 aysbBSthe -Bb@utfﬂ‘d’nslheCRéﬁa&lpieGIadste[tdfi&ndneé’rpfbb@d’sw1Qe@hér"e62r

o tsy? | T e fER T el Binstdfir il dbr R She P roRiebd B s Bpts,”
f1 oor ofo e Shiéroen preese 46 whichyegiiresiabe« & set ot)lyrru@omlues Héﬂ cénfereghon the ghixel
Cycle 1Qahduplpehsq t he multiplication of the result by a constant 141. This
constant 1's the 10 representation of 1/9, but is a register to allow the

amount to alt Qi’oﬁgeqlaéénﬁpétrn\q@fh% sné(rpérﬂﬂiepréc%gé §5,ftl?e9é Rlneed for access to the 3 x 3 array
of luminance values, as well as the corresponding RGB value 136for the center luminance pixel. At the
same time, the next 3 luminance values and the corresponding RGB center value must be calculated
by the Resample-CreateLuminance process 112. The logical view of accesses to Buffer 2 115 is shown

20 in Figure 49.

The actual implementation of Buffer 2 115 is simply as a 4 x 6 (24 entry) 8-bit RAM, with the
addressing on read and write providing the effective shifting of values. A 2-bit column counter can be
incremented with wrapping to provide a cyclical buffer, which effectively implements the equivalent of
shifting the entire buffer’s data by 1 column position. The fact that we don’t require the fourth column of
RGB data is not relevant, and merely uses 3 bytes at the saving of not having to implement complicated
shift and read/write logic. In a given cycle, the RAM can either be written to or read from. The read and

25
write processes have 75 cycles in which to complete in order to keep up with the printhead.



The total amount is then added to the RR G and B values (wth a ceiling of
255) and witten to Buffer 3 during cycles 72, 73, and 74.

Cal cul at wgbuedss® ng t he sharpened RGB val ues during the | BsT/ABo00/€pEs es of
the 75 cycle set renoves the need for double buffering in Buffer 3. The
structure of the Sharpen unit can be seen in Figure 51. The adder unit 142
connected to Buffer 2 115 is a subtracgpr with a floor of 0. TWMP 140 is 15
| oaded V\@él& 8 x the first L value during cycle 0 (of 75), and then the next
8 L val d%&8,r 8MaWBEPracted from it. The result is not signed, since the
subtraction has a floor of 0. During the 10th cycle cle 9), the 11 bit
total in TMP 146 ShamspUnit SpirstoBy tﬁe sharpeningJas SCF(b€§%éa?“99 32% Sisgithe nder
sof t war en#ipetietl RGBYixelshd stbrb@intocmlffer 3 CHNthi ShavgerniShieah) mdsh Reapruptwith Ifheﬁ[‘&uhkert 0
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The adder unit 142 connected to Buffer 2 115 is a subtractor with a floor of 0. TMP 140 is
15
loaded with 8 x the first L value during cycle 0 (of 75), and then the next 8 L values are subtracted from
it. The result is not signed, since the subtraction has a floor of 0.

During the 10th cycle (Cycle 9), the 11 bit total in TMP 140 is multiplied by a scale factor

(typically 1/9, but under software control so that the factor can be adjusted) and written back to TMP
140. Only 8 integer bits of the result are written to TMP (the fraction is truncated), so the limit from the
multiply unit is 255. If a scale factor of 1/9 is used, the maximum value written will be 226 (255 x 8 / 9).
20 The scale factor is 8 bits of fraction, with the high bit representing 1/8. The variable scale factor can
take account of the fact that different print formats are the result of scaling the CFA image by a different

amount (and thus the 3x3 convolution will produce correspondingly scaled results).

The sharpened values for red, green, and blue are calculated during Cycle 72, Cycle 73, and
Cycle 74, and written to the R, G, and B registers of Buffer 3 116, one write per cycle. The calculation
performed in these 3 cycles is simply the addition of TMP to Buffer 2’s R, G, and B corresponding to the

center pixel.

25 Address Generation is straightforward. Writing to Buffer 3 116 is simply R, G, and B in cycles

72,73, and 74 respectively. Reading from Buffer 2 115 makes use of the cyclical nature of Buffer2. The



106 C, L1 7 C L28C L3 CC1 9-71 No access 72 C, R 73 C, G74C B
C=C-1 15 After Cycle 74, the Cregister holds the colum nunber for the
next cal onubat/esm set, thus mneking the fetch during the ner/AQY@é®70 val i d.
Shar peni ng can only begin when there have been sufficient L and R& pixels
witten to Buffer 2 (so that the highpass filter is valid). The sharpen
process nust therefore staII until thegBuffer 2 wite process has advanced
by 3 col s. 10.2. 114 20 Buffe ite- b anced and
hnge oRiR et af & Pt o fipnach (Reiestiing wBEhel P ° cPUTBE SERBLEE eHth

pi xel i anda Grbitdalve tréprds@ntingtilst, 02, ISOROG, beB.ofhetdolumn ruotpastats stol éded linerage RAM

i mage Dj A r ed
ns 3 s bEntaR i eal IR (FRels o tidcl ofShaill e s hO i 1ab8 ARV,
green 1r@istesrrdthp 2tk colgn componept ef they eddresswAlbadditien op i isemagiujost é\mmrwﬁhm 2
Figure B During the course of 75 cycles, 16 entries are read fromeach of
the 3 buffers 3 tines by the Resanpling process 112, and up to 29 new

val ues are wri tterrausnezémaamuééﬁbﬁmhﬁd&msmm 25 depends on the
scal & factor and he—eur+ent b Pt et SASRS tHHoR—duri gt sarrpl i ng) . WO

01/ 20549 PCT/ AUCY 010TCycle- 63 [The Mdréesrs nust Wpdafedz endugh so that the

reading and writipg can occur w,_znout NTEEIERI Ng Wi th gne another. During
t he read process, (4pixets—arp+ead ..ome eh—of—6—+oews—|If the scale

¢ ) F G, L : )
actor is very large (e g weldre scaling up to Panoramic), the sane input

pixels can be read mult3ple [Fre%s (using | different kerjnel position for
resanpling). EventLuaI | v3 howeverl,s the next|ps&ells will bg required. If we
are not scaling up so nchn T Ln1ew pi Xel s may be reqU| red bef ore the next
pl xel generatlor‘ \.,y\.,l §7| 3“ A—5—elpek \.,1y\.,|co; 5—Looki ng at the
scale factors in hIP% andThlr 11, fhng case for| scaling is the
Passport format 3[1: THe greepCplfane has al A value for Passport of 1.5625,
i ndi cating that 4| | ocations cpg, ke con- tajned within 6 GFA pi xel
positions. Howevef, eacg1 row OI: ,g;reen sarrplgscqmly hol dS levery alternate
pl xel . Thi s meanst+that ﬂ"y 4sarples—are rUC[unlcu per——+raw (WOI‘St case i s
4, not 3, 9- 0 atcess

72 C,R
73 C,G
74 C,B C=C-1
15 After Cycle 74, the C register holds the column number for the next calculation set, thus
making the fetch during the next Cycle 0 valid.
Sharpening can only begin when there have been sufficient L and RGB pixels written to
Buffer 2 (so that the highpass filter is valid). The sharpen process must therefore stall until the Buffer 2
write process has advanced by 3 columns.
10.2.9 Buffer 1114
20 Buffer 1 holds the white-balanced and range-expanded pixels at the original capture spatial

resolution. Each pixel is stored with 10 bits of color resolution, compared to the image RAM image

storage color resolution of 8 bits per pixel.

Buffer 1 is arranged as 3 separately addressable buffers - one for each color plane of red

145, green 146, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 16 entries are read from each of the 3 buffers 3 times by the
Resampling process 112, and up to 29 new values are written to the 3 buffers (the exact number

depends on the scale factor and the current sub-pixel position during resampling).



due to a worst case initial position). Muwvenent in Y indicates the

requi rement of an additional 10 sanple colum, nmaking 5. Finally, an

addi ti onavosamshe colum is required for witing. This greraUMMIOIRl of 6

sanples per row. 7 rows are required for a single sanple. To generate the 3
sets of RGB pi.xels for each x position, the maxi mum novenent iny wll be 4
rows (3.125 = 2 x 1.5625). Myvenent Xgpdds one sanple row above and bel ow
Consequent |y %_tot | of 13 rows are required. For nore details see Section
10.2.10. The P&ob”gﬁra BYSH PepIidh IO &0 AMaA 1% reRdng FNIpYUNE SR SPUWHEb S

i ndi cat intgfetifitawitndonk @asathérOMBing G@neddipracens, dipixed avd reld fiord eschiopé @wvs. IAhe scale

additio sanpl.e s required for pting . while the remaining 4 .bei ng
ead. | Tiicler BBUS e To Y b Seonag K cdnsBBithe Sathe o e P R g
i ncr eas tujes (usbg sadifidred kemehpdsitibn fdreesprpiing) pEentialyf beweseartheupexpogosdshe 6
rows ar Gl Rt i & arel ot SBAIRG ub R ARNEFBHew! fixels mEPbe TR{uRed BhiBie! the HER pRRFL T ON
10. 2. 10. Each sub-buffer 1S inplenmented as a RAMw th decoding to read or
wite adeiemjrr oyl (e twithigdgsloek gyslesleycl e. The sub-buffers are summarized in
Tabl € 29, and consume | ess than 200 bytes. _Table 29. Sub-Buffer Summary
Buf f er Conposilopkintg 8 the scale fagials Bufaklg 9&nd oleblex 16 theawgrsteeasg faroscplingsis 360
Bl ue Bubggﬁoﬁkﬁﬁmg1x 6 sanples x 10-bits 360 G een Buffer 13 rows x 6
sanples x 10 hits 780 TOTAL 1500 10.2.10 Resanple and Create Lum nance
Channel *The RJESH{FER PERYNS A YIS TATRATSRAEET BrEfm Kdicaing dhad 4 lopgtipns gan be con-
res pon; i bl e f asingteWigireé CRY pltxbﬁoosﬁﬁmsl?%w. _@iex,gialcwmd girdaagrgedblugrbrm;eaahu%@ewR
space by appropriate. resanpling the i te-bal anced and range- expan ,
Poand B ol anderAkgue” T Paains BB U iaaies Aredi ea Pe roh Wi seB Y S,
addi ti on, the dMOtDdWEEECASe IRGET/PALIR). 0LV Hent ir6Y indigatesithe csguiverhanésf ahadditidrel
gi ven RGB pi x I . ' (e | d
Bel ow t he RaB prRar iy mRind kol s 3ARork LR el 2oty GRS TR
process. The tdvegaital glibeprinias PF EHUETONE afeHeAYRERIop astigle s7aP's To opesraledna & 75
g{yclaes- (cja \ée][l sk Reslp&e|s_$dr@|9ér?& ﬁ&@?prﬁ-%ﬁ:‘(’rﬁ@@ngﬁ m%a!?@néﬁt agly?agaeaml wEBXi 281D of

, an or ven pix ocation (see Section . 6. we
o fost vel y pookies Nemerber Sager e sspia B 0% AT Mous Coreginenly &sfal oh13
qguestion, and rbweart reguiked. Faaore detaid seelSestion Thasowe have 75 cycles in which
to calcul ate e 3 nediumres, RGB sanpl es,_and, thei or [ espo
val ies. Bt f erTRE L TT AR ES hva f PR o RPOL 2 AR P,
requires too raclhewenteingd witthmd samplesyArc additiongisamaleds saquiredcioewtitingi wiale ttioe
generate the val ye f L &ontaln i pi
canngy be use s?ﬁc qi%eﬁgw%§%é%g?&%%g% %ﬁ@hbﬁkgﬁghwg%égzgg'géﬁhﬁgﬁgy%%ned
RGB pi xel s). irmaz_ecj_(g_@_sam@@a,tﬁjpptﬁlg he green plane (for startup purposes). 6 rows are required

to cater for movement in y. For more details see Section 10.2.10.

Each sub-buffer is implemented as a RAM with decoding to read or write a single 10-bit

sample per cycle. The sub-buffers are summarized in Table 29, and consume less than 200 bytes.

Table 29. Sub-Buffer Summary

Buffer Composition Bits

20 Red Buffer 6 rows x 6 samples x 10-bits 360
Blue Buffer 6 rows x 6 samples x 10-bits 360

Green Buffer 13 rows x 6 samples x 10 bits 780

TOTAL 1500

10.2.10 Resample and Create Luminance Channel

The Resample and Create Luminance Channel process 112 is résponsible for generating the

25 RGB pixel value in medium resolution space by appropriate resampling the white-balanced and range-

expanded R, G, and B planar images, as described in Section 3.2.5 on page 28. In addition, the



10 The resanpling process can be seen as 3 sets of RGB generation, each of
whi ch nust be conpleted within 25 cycles (for a total maxi num el apsed tinme
of 75 cywwesd205dhe process of generating a single RG vabawAvamoions t urn be
seen as 3 processes perfornmed in parallel: the calculation of R the
calculation of G and the calculation of B, all for a given nediumresc:. -~
pi xel coordinate. The theory for genegpting each of these values can be
found in Sectlor? g but the upshot 1s efIwnctiveI gtnnl n% t hr ee i mage
r econst MIANEH V3ves:fat Be gypr RGR el ipsvelfsdie bminange v PRleAbOR BNt

t he PCPpelo® the[REGE pixenrusEt@aeheaten ir uscih itr@atet ihbrpﬁnisgmb&spm nts, requiring 4
coefficients in the convolution kernel 15 (since one coefficient is always
ohand fj hus thernsa:m@lauovp&u' fot prib@udh@tthdr’]RGBivéIBél)and SenargsiBs cycles: @ived it Lon  of
t he mediumr.esol u R pi.xe achi ev y ni_n
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symmret r Ped thair corregprndipg Livalgs.ar e not t he sanme for each color plane. R and B
are likely to be the sane kernel due to their simlar imge

char act eri st i Byfferingtl valyes @ng henve RGRMaIUED) to prveresalgulation requigs loe enutivmeinpige 20
reconst ghgh 'aﬂ;ncasngé heh8 ¥@fiderfltiché I%rg%ﬁératlé HeNebB valltR. Bir@ha b ﬁr\/&htah‘nb ﬁIé’dQFn r&@e

process can seen in Figure 53. dress generation is not shown,
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for the, current pixel Iine being generated. This will be the case once 4
col urms 18f183t Be#Pi"Been written to each of the color planes in Buffer 1

114. The Resar%pl ing process 112 nust stall until that time. To cal cul ate a
gi vero col or RR EeSmRING RIPFEFS S RR 355 2p°)e8IS %wege"ﬁet'%sechﬁ WhicR must be
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x and y, they are not the same for each color plane. R and B are likely to be the same kernel due to
their similar image characteristics, but the G plane, due to the rotation required for image
20 reconstruction, must have a different kernel. The high level view of the process can be seen in Figure

53. Address generation is not shown.

The resampling process can only begin when there are enough pixels in Buffert for the
current pixel line being generated. This will be the case once 4 columns of data have been written to

each of the color planes in Buffer 1 114, The Resampling process 112 must stall until that time.

To calculate a given color plane’s medium resolution pixel value, we have 25 cycles
available. To apply the kernel to the 4x4 sample area, we apply the 1D kernel (indexed by x) on each of

2
5 the 4 rows of 4 input samples. We then apply the 1D kernel (indexed by y) on the resultant 4 pixel

values. The final result is the output resampled pixel. Applying a single coefficient each cycle gives a



10 Cycle Kernel Apply Kernel to: Store Result in 1 X1 ] Row 1, Pixel 1
TMP 2 X[2] Row 1, Pixel 2 TMP 3 X[3] Row 1, Pixel 3 TMP 4 X[ 4] Row 1,

Pi xel 4 W@o1/uB495 X[ 1] Row 2, Pixel 1 TMP 6 X[ 2] Row 2, PCRAUORIDNMP 7
X[3] Row 2, Pixel 3 TMP 15 8 X[4] Row 2, Pixel 4 TMP, V2 9 X 1] Row 3,
Pixel 1 TMP 10 X[ 2] Row 3, Pixel 2 TMP 11 X[ 3] Row 3, Pixel 3 TMP 12 X[ 4]
Row 3, Pixel 4 TMP, V3 13 X[ 1] Row 4, gfixel 1 TMP 14 X[ 2] Row 4, Pixel 2
TVP 15X3 4, Pixel 3 TMP 20,16 X[ 4] R xe MR, V4 Y[ 1]
e e f%sspefaféhe{ﬁg]ter\vsd'a*w@% S0 cipestasterdls M dop b vele,
10. 2. 10fo2 aGmaer 20 ¢yoes.of L 8 As described in Section 3.2.6.1, we nust
convert 80 fromR@ to L for the subsequent 25 sharpening process. W
consi der the Qith ré§afés ﬂo*paé*das’roncmbmfpusmmremrm Hits i(&2)p aficCicdptell edeffitiehit iakedr m

To WO O 5 75 ert fr I, nance
channel \2 G Re.05, 14 VR ReRFRn AR bR ar b TP rairtol oML T NERES | -
M N R, @a\{eBp bits fdAmeRsuG(B B) Thug theramegemrvateng)memnbauged/wlneq:nonmlwr@ ifRx arg and
B val uez_rﬂ%_ﬁggro'[@["{:g;g{ bnor@lgglbgtgl taking 20 5 cycles. The total tinme for

the genération o as descri bed here is 4 cycles. This nmkes the total

(since t hSEB?L@EQE&nﬁ& g Bbd Foe g s (P CRNENE D e o groRli Al PREPP |
can t hu_s b € Saljcrilgl X)ce Fe%g'rp;(ﬂ# theR Iﬁ\}é) veg 50 gycl%'} Isrw'owrrL i Tgég 90 (f%?e thrat tﬁb‘qgr FSS

generation Is
1, Pixel 1 etc. refers to the input from Buffer 1 114, and is taken care of by the addressing mechanism

(see below).
Table 30. The 20 Cycle Resample

10 Cycle Kernel Apply Kernel to: Store Result in
1 X[1] Row 1, Pixel 1 T™MP
2 X[2] Row 1, Pixel 2 TMP
3 X[3] Row 1, Pixel 3 TMP
4 X[4] Row 1, Pixel 4 TMP, V1
5 X[1] Row 2, Pixel 1 TMP
6 X[2] Row 2, Pixel 2 TMP
7 X[3] Row 2, Pixel 3 TMP

15 8 X[4] Row 2, Pixel 4 TMP, V2
9 X[1] Row 3, Pixel 1 TMP
10 X[2] Row 3, Pixel 2 TMP
11 X[3] Row 3, Pixel 3 TMP
12 X[4] Row 3, Pixel 4 TMP, V3
13 X[1] Row 4, Pixel 1 TMP
14 X[2] Row 4, Pixel 2 T™MP
15 X[3] Row 4, Pixel 3 T™MP

20 16 X[4] Row 4, Pixel 4 TMP, V4
17 Y[1] V1 TMP
18 Y[2] V2 TMP
19 Y[3] V3 A TMP
20 Y[4] V4 TMP (for output)

10.2.10.2 Generation of L 8-

As described in Section 3.2.6.1, we must convert 80 from RGB to L for the subsequent
25 sharpening process. We consider the CIE 1976 L*a*b* color space, where L is perceptually uniform. To



A single 8-bit conparator can produce 3 bits in 3 cycles, which can
subsequently be used for 10 selecting the 2 inputs to the adder, as shown
i n Tabl e V3 01/343@9 di vi si on by 2 can sinply be incorporat edpCi/avdN@oOaIder .
Tabl e 31. Selection of Mn and Max based on 3 conparisons MN MAX R>G GB
RRB RBl11xa RG101 GR01015GB0.11 BROOX BG1O0O
a. Don't care state Since the add nerefy.adds the m ninumto the maxi num
val ue, the order_is uninportant. Conseqluentl , .of the 2 inputs t t he
adder, CPYER FoR RFBYR LAhe fstinance chappsllve-avarage te mipmue qnﬂﬁl?f‘ﬁﬂf*? c?ﬂﬁ'i%e of
G and Basfdiewd:0gic is a minimzation of the appropriate bit patterns from
Table 31. 20 10.2.10.3 Addres %e eration f Bf er 2 The output fromthe
Resanpl er is a single RGB pi=x ) pixels centered
vertically on the RGB pixel. The 3 L val2ues can be witten to Buffer2, one
each 25 cycles. The R G and B values rrust be witten after cycle 45 and
before cycle nce the second ted is.the .cent j.Xe
whose RGB val 3@'& qerﬂ%r?"oﬂe I?e%'f'en ﬁelgé{;% rees‘s'§ per(;%rrsnle gtmspar? I%L t%—"bq %0
colu rﬁn cyabasp Oredotal timedpntes gavieratign oty a;wemrlbed’mreﬂ. ichtyglenslhisgnakes the tokal time of)
to), [ I r m
nurber - Sergiod sh ROM Bl FROR S, Wb Dt spérp (e (e pScoetindd o Bindiled
cycl es @ithip25 gydest writing out L3). WO 01/ 20549 PCT/ AUOO 01075 -67

10. 2. 10. 4 Address Ceneration for Kernel Lookup The nethod of cal cul ating

t he kernel addiheyslug dortlheansthngbe; safely wiitterhey taBuffeie tiedin dre Ll cydm Address 5 on
page 28 gekedstfdn Is&ieB@ied Seidw. di mensional , with 64 entries in the table. The 6
nost si gnlfl cant bits (truncated) of the fractional conponent in the

current kernelp §rﬁbi’&@bl%&ndé§§& cE@pﬂo&Q:%)S Hitd In® éyaes dich@hn s&@eéutehtglbe%@d foRbl €.
For the first 16 cy rdinate i s used to i ndex the kernel l e

whi
in the fERENgths 2d%’|‘5e‘§ ‘het%ﬁ’ée’\@%?’t?i"’ﬂé{ﬂ@bles“uE'?fod""%‘?’h‘?:Yez ?aﬁ‘é"‘kpéyrt??éi‘cq%o’ate
synmmret riircthe bdter.same kernel can be used for both X and Y. For each of the
1280 resanpl ed val ues, we need to produce 3 pixels - the pixel in question
161, and the pi xelTablaBo\Seldction ahMirbariddMaxii2ed ba8 cpmpeatisonBat her t han

generate a fenter piyel and THEM Tove Up and down fromthat| center pixel,
we generate|a MiNel 160 MM ggher %8 t he| t wWBIR xells 16¥B
R B 1 1 G
R G 1 0 1
G R 0 1 0
15 G B 0 1 1
B R 0 0 X
B G 1 0 0

a. Don’t care state

Since the add merely adds the minimum to the maximum value, the order is unimportant.
Consequently, of the 2 inputs to the adder, Input1 can be a choice between R and G, while Input2 is a

choice of G and B. The logic is a minimization of the appropriate bit patterns from Table 31.
20

10.2.10.3 Address Generation for Buffer 2
The output from the Resampler is a single RGB pixel, and 3 luminance (L) pixels centered
vertically on the RGB pixel. The 3 L values can be written to Buffer2, one each 25 cycles. The R, G, and
B values must be written after cycle 45 and before cycle 50, since the second pixel generated is the
center pixel whose RGB values must be kept. The Buffer2 address consists of a 2-bit column
component (representing which of the 4 columns is to be written to), and a 3 bit value representing L1,
25 L2, L3, R, G, or B. The column number starts at O each line, and increments (with wrapping) every 75

cycles (i.e. after writing out L3):



162 below it. The second pixel 161 generated is taken to be the center

pi xel . W& then return to the original row and generate the next 3 pixels
in the naxoooetsput position. In this way, as shown in Fi geePAUMDODE we
generate 3 pixels for each of the 1280 positions. Thus we have a current
position in kernel space. As we advance to the next pixel in Xor Yin
original input space, we add appropriagge.delta values to these kernel
coordi nates. Looking at Figure 56, see the two cases for rotated and
unr ot at &8 1Hﬂuf\d‘§'ﬁ§%@e"°\7@t'°g'dﬂéﬁ(ﬂéf" lt"r\gg‘"?mverrent in X and Y as AX and AY,
with their values dependent on the print format, and hence the val ue of
nps (see Sect i$f Mpthpdof calquigling e k@’f‘%’é‘ﬁd@ﬁsa'ﬁ fhe| samg s desesoed af theand of Seaorr o

]E he red 3@@0@@36 28. F@Bn RérBel i’ Xdimeddichas wath 84 &fries i theSete. TaBb enoSt sigifficdmblte 11
or app ues o

Lo o leaRbatEh o e et CeomBEn S B8 sttt Ko el itate 18 et 9 ndeX iR e e L6

AX t o Xcesfiitientsitbtsiaidior ¥ fifst tBreyeles) the Klvedinate istuatdotd irclas the keimiels whigr ielthe next 4

o s vt Pt SubEfisiee dBRIR JRKRET S Grie 1/ BB bl

The addeesd¥. generation for kernel |ookup assunes a starting position set by
software, and 20 two deltas AX and AY with respect to novenent in Y in
kernel space. Fpheachdtthesi28¢ easampled wudsoye pe¢dsto peiduemS Pikels hite pixel ipaliertjon

pseudoCqge anfHebisehoR 1%0'an§>535\kK§f et ;)[ er RIS GBS afe 3 cobtar fitepamtEtheh Do

NLi nes tinmes (however many output lines there are to process Kernel X =
Col urmKEPHR MR Aoy from-t ?%Fﬁﬁk@?'nﬂ??enﬁﬁew'@bw ﬁ'ﬁdrf?ége’aﬁé paor Rirsis E 1. wo

01/ 205496268l 6@%&&&8@ plxel 681 gé’:erawi |XtékeK@d$ be&ths cént@eblkéLWVé mnemam toltﬁle Y)
ernel Y = Ko nel ¥ s DelaX Lipvenent el io b nGeneial f FLe!

Ker nel X°19"Ee 1% ‘%‘f‘oe'sr?e’het %" iRl B Oy ORIS I E)é‘iai’a%? E‘?m” 0 e |
Y) (Eanéﬁ,anead%lnmte @Imfnreéam nft&)llmm&ishml X + DeltaX (novenment in X)
Kernel Y = Col umKernel Y - DeltaY (novenent in X) EndDo Col umKernelY =
Col unmKer nel Y ThuPek haé o cuoemtipesitioni imkefihel space. As we advance to the next pixel in X or Y in

original input space, we add appropriate delta values to these kernel coordinates. Looking at Figure 56,

we see the two cases for rotated and unrotated input space.

We consider the movement in X and Y as AX and AY, with their values dependent on the
print format, and hence the value of mps (see Section 3.2.5). For the green channel, AX = AY = 1/2mps.
For the red and blue channels, AX = 1/mps and AY = 0. See Table 9 and Table 11 for appropriate

10 values of AX and AY.
We can now apply the AX and AY values to movement within the kernel. Consequently, when
we advance in X, we add AX to X and subtract AY from Y. In the unrotated case, this merely subtracts
0 from Y. Likewise, when we advance in Y, we add AY to X and AX to Y. We can do this because
movement in X and Y differs by 90 degrees.'
The address generation for kernel lookup assumes a starting position set by software, and
20 two deltas AX and AY with respect to movement in Y in kernel space. The address generation logic is
shown in the following pseudocode:
ColumnKernelY = StartKernelY
ColumnKernelX = StartKernelX
Do NLines times (however many output lines there are to process)
KernelX = ColumnKernelX
KernelY = ColumnKernelY
25

Do 1280 times

GeneratePixel



Col umKer nel X = Col umKer nel X + DeltaY (nmovenent in Y) EndDo As shown in

t he pseudocode, the generation of 3 pixels occurs 1280 tines. Associ ated
with 10woel/zsmerati on of each pixel is 2 additions, whiBOT/AIN/0IO75
performed during the course of the GeneratePixel 25 cycle task. Each
GeneratePi xel task is 25 cycles, consisting of 4 sets of 4 cycles indexing
the kernel via Kernel X (coefficients Qggl, 2, 3) foll owed by 4 cycles

i ndexi ng the kernel via KernelY gcoeffl cients 1, 2, 3), followed by 9
wait cycles. NoteXPH5t* alferidifued Hre P eTve” éhd fractional only. The two
carry outs from t KerngpatXemgeldf+ DehreX Xmayrtet kerhel val ues are output to

t he address genergg,iegglteof;lxlgyffer 1 (see Section 10.2.10.5 on page 71

bel ow). These carry Pt flag i ndi cate vvhﬁaher or not the particular
ordinates for the 15 ewrappe Y dUPYSRE™ he Yt hemat i cal oper ati on.

W appi ng can be eiKemetY abtsreslt oPeleKowod®mepytn fthe result is al ways
positive. The twogeakidepOuh bits are al so sent to t he

Rot at e/ Wi t eBal ange/ ge, nsi ,det ermning the

rel atd ve i nput Ilsr%eersn rom tgxr‘g&?lfrrlae%g L{S;(}E?J %bovg ng)'(ss Generation for

Buf fer 1 20 The R&s@ap( erC%wa—@aa% -fPdRIBIFErIt 124X whi ch consists of 3

i ndi vidual |l y addr@ssabl e buffers 145, 146 and 147 - one for each color

plane. Each bufier, m&@e@nﬁ&t h%glutaﬁxerrﬁm I%Qf@aser(mwmaﬁtenn tp during each
cycle. L = I\/IN(R B) MAX(R, G B) he readi ng Qrocess of 75 cycles

i s broken down ﬂ]t“BI“‘f?r%eelf‘s GplusakeryeiXet De]cfﬁé ‘@gtemdtt 25 cycles for the
generati on of Ee@oh pi xel . Each 25 cycle set involves 16 reads fromBuffer 1
foll owed by 9—eyetes—wthro—access—Buffer—t—+s—witten—+to during these 9
cycles. The 16 reads fromBuffer 1 114 are effectively 4 sets of 4 reads,
and coi nci de wistshon prticaipsuddcode, trecgiseratiort ¢i@ pielsmeturs 1280diaeh. Assbaatepivitne.

25 W0 032 Ayép’p 0} h t VICIVACES
gener at ?'{ngge}%%t'(gjguesses ?é 'Z52 ?atg ﬁ’h%ﬁjﬂ%ﬁ;ﬁ ?r%ﬁaﬁ%e{’&m?f %Q:OUHSQ o eg

wai t cyé#reagytef’g@héﬁévqlﬁtgs'&@aﬁd%s@eslﬁebﬁasl&él 25uveles. aepsistied efédcsetraefdi OXG,‘PS

(fol | owgdekitg e \Warnki v1é3¥é}|n§§() (coé?ﬁtfianfs' dal !2,)’3)91%We€tb'y Gy EBE inkBxiRPHE REGESVid OF

the third pixel rfQfolo }( cycl es Each color plane has its own
starti née‘Bﬁf‘f@?? et bds? gy 0éff’r‘ﬁ?"e'i’ysg CYPIR® 3 sets of 16 addresses are
generated for each of the 1280 positions along the Iine, and as the sanpler
advances 5 f Msi§ Balllvalyes g pegit aé‘ﬁﬁ’ﬁ?‘l§’§a't°6'yt e gy ‘t%f"'t’V\B‘ed‘BP?tS’I‘QBUt
bits fremax bel Kesrna lvaldekisre Datp(ad @ietdddrsds géitirdtionbeBufRe dl (de@ Sepiibat 9.2 10e56h

Buffer 1 ad paraneters. .10. 2. n buffer 146 Ad ess eration
For +he Pastoonoacin? TISRF Sron s g% FIrRY iRcple gk of 12 Ysponleliah Shalis B e
kernel wrapped during the mathematical operation. Wrapping can be either above 1 or below 0, but the

result is always positive.

The two carry out bits are also sent to the Rotate/WhiteBalance/RangeExpansion Unit for

use in determining the relative input lines from the image.
10.2.10.5 Address Generation for Buffer 1

20 The Resampler 112 reads from Buffer1 114, which consists of 3 individually addressable
buffers 145, 146 and 147 - one for each color plane. Each buffer can either be read from or written to

during each cycle. I = MIN(R, G, B) + MAX(R, G, B)
2
The reading process of 75 cycles is broken down into 3 sets of 25 cycles, one set of 25

cycles for the generation of each pixel. Each 25 cycle set involves 16 reads from Buffer 1 followed by 9
cycles with no access. Buffer 1 is written to during these 9 cycles. The 16 reads from Buffer 1 114 are

effectively 4 sets of 4 reads, and coincide with 4 groups of 4 reads to the kernel for each color plane.

25



than the red sub-buffer 145 and bl ue sub-buffer 147 for two main reasons:
the green channel represents a checkerboard pattern in the CFA. Alternate
| i nes comedet20589 odd or even pixels only. To resanpl e t hecyagenowhannel ,
we nust effectively rotate the chan- 10 net by 45 degrees. there are twce
as many green pixels than red or blue pixels. Resanpling neans the reading

of nore sanples in the sane anount of g4nme - there are still 16 sarrpl es
read to generate each pixel in nediumres space, but the ' P
| i kel i hood of é“a\?g‘iif(??srﬂj’"f’rﬁ@"otﬁ?’f‘ ivolyes generaling16 agpesses frca cPlﬁﬂglt%HEth@bends

on the gomWwed byg vait cyte)] gerdeutiny &6 addté%@eﬁamwmam'gapé saabndisixen folawB b} Bwvaie
cyclical_bu used fo reen ann Th n -buffer is
a 78 enﬂcpesi?ﬂﬂﬁ fnaﬁ%genefat'&? {hgﬁ ?‘g Sr‘?esefr(r){anfe th'ﬁla pi@ﬁ:fo"oweoeb gi(’:%aet Cc\f‘(:%)% aining 6
entries. The rel ations and a i on | hown
“h i gur e 57. EPR RBNBRLE N NEERT ég o FfterToobs pratelf B aoi BRI or
I N the Gildlessépasagyuented yor easraofthes $280rpositiensrabong (tiee line, adicasdbes sanpler aﬁ@nc@sﬁ

39, 52, ) |

' me o IR I dIPE Eitestheonf ¥Ehp LS| Gn bhERED Hltimel Ryt CHERRR) 1 o
by 90 Hegpreasedie update thigsg %Uﬁeswq’qr%tpﬁwf% Fi gure 58. Consequently, when
we map a 4x4 sanp Ilng area onto the buffer, there are two possibilities 20
for thel9-A1@ppeeeenbdutier W6 t he sanples. As a result there are two types of
addressing, depending on whether the current line is represented by odd or
even pi xel s. Tedessroenesationfar te areen syisbuffer hG withie Buffestiat s morenpdniplieried t he

sane adgiR e rB@sdSoufEith 508 btk blb-bURBORI7IGIRS M rgé%oﬁé nce they both hold odd
pi xel s. Likew se, the odd rows with image rotation will have the sane

addr essi*ng as R&/&RET M"%’?Hﬁeseptﬁﬁg’@e?kﬁfbaﬁrddﬁﬂ?fﬂ ins fh c% A At tinesikarest &l en

pi xel s. The degd st &n bbkkels SAYATIréRehplelthd GBérechadnel, Mdrhest 8fectiveBlretatsl the Erghin-
Sampio ng Type Zﬁi.’_ﬁg"ﬁ’atlon Current Line Pixels Type O Even Line 8 Odd Type

2 0 Qdd Line"™ °§¥p% 1 WO 01/20549 PCT/ AUOOD) 01075 -70 Table 32.
Det er m mi ng Satmgpé aregwity pemBint gréengixelSulianerad ol bluepikdils BesampjipeEmed thareading ne 8

Even Type 1 9? glje sal‘I n% |r$ q?jsgglgtaﬁ'uour% o-F %ngagltlelggare@ﬁ1%%%;&{%5”%&13\% ge o I & the

Wayweeffectlv y 1ot r ees egre atlon
i s necessary feaech pikdl m¢dnen res spavpl bum@ereas adteberrlnkﬁedod waS@e\pln@tmewfze@ach

Assumi ng for ttFH% FHU'&B&nké?.ﬁ&odv&%p%%n'E}%%‘éalte@acw?[lé‘édate a single resanple, we
consider the Dbuffer addressing by examning the two types of 4x4 sanpling

Wi ndows as Sh%e{/é}, E\'egeéﬁﬁa é)%cept of using a RAM as a cyclical buffer is used for the green

15 channel. The green sub-buffer is a 78 entry RAM with a logical arrangement of 13 rows, each

containing 6 entries. The relationship between RAM address and logical position is shown in Figure 57.

The samples in Buffer 1 146 represent a checkerboard pattern in the CFA. Consequently,
samples in one row (e.g. addresses 0, 13, 26, 39, 52, 65) may represent odd or even pixels, depending
on the current line within the entire image, and whether or not the image had been rotated by 90

degrees or not. This is illustrated in Figure 58.

Consequently, when we map a 4x4 sampling area onto the buffer, there are two possibilities
20 for the interpretation of the samples. As a result there are two types of addressing, depending on
whether the current line is represented by odd or even pixels. This means that even rows with image
rotation O will have the same addressing as odd rows with image rotation 90 since they both hold odd
pixels. Likewise, the odd rows with image rotation 0 will have the same addressing as even rows with

image rotation 90 since they both hold even pixels. The decision is summarized in Table 32.

Table 32. Determining Sampling Type

Rotation Current Line Pixels Type
0 Even Line 8 Odd Type 2
0 Odd Line 8 Even Type 1

25




Al t hough the two 4x4 sanpling types look simlar, the difference cones from
the way in which the 4x4 mapping is represented in the planar imge. Figure
60 il ustwabewsthe mappi ng of the Type 1 4x4 sanpling torChvaugye®ns
sub-buffer. Only the top 7 rows and right-nost 4 colums are shown since
the 4x4 sanple area is contained wholly within this area. 10 The nappi ng of
buffer pixels to sanple rows for the Type 2 sanpling process is very

simlar, and can_be seen in_F,iggre 61._1n both Type 1 and Type 2
addr essi ng of _t he T¥dle 32, Dpterminind Sampling TYRS ways of processing a  row.

Processi ng of 1 and.3 e| 1 addressi |S the s (reljatively
speaki ng) as p?ﬁggﬂ‘_a}fﬂ'ggéﬁe;n 3—of T\mé‘_}%ﬁu_kewgyiﬁm@essi ng rows

2 and 4 of Type 199s t he E¥Rd-& el ati $el y| speBMng) | as PPBAessilng rows 1
and 3 of Typel 2. %@ will caldllinehesp réw agdr essidng net hotgePype |/A 170 and
Type 15 B 1717 as _Shown in Figure 672. G ven startin ositjon for the
4%4 i ndow (wi THEGHERLIS REPPING ERtews Tota e oatvep i dbmouier by AR 55588 can
gener at hé¢ hedeytel retati@sis heesdanefod @festivepésaapling, aedassribell irndecBorehiz 6y t abl e

(for Graversing the two sets of 4 sanples). Wen we read the first sanple
val ue we add axssarhihg @k tHermtoment fhet weadrended t@gériekate abindld eesadple, veatgpkider the
position..The offset wll. d nd [ A B = 1). Th of f set

P rom t nauTebaRT el B ebinting {8 Mo o dE tptffod Mupdiee g nEWR S8 sanpi
point for the pext ljn é nd st, tak ccount of.the nunber of sanple

ol ums) . At lgishabe ra ¢S, ot gk S Ine"oetSs H0TaS pd R i pen
and TypeBich Theed4ogappingads repeasented inrtge plavardodge SFguge fhilusirates Myl mapninig offthel 6
sanpl es rydeSt SOy tb e ghddh SO RERUAL £RFGowd B AL ARTRAYLR shéw
caters f%ﬁ tﬁg'cygh?%a 6hf ér. 'Adr =_Vﬁn§%mﬁfgrtAd% TypeA% = Shonn

W ndowSeiass g Axt sampleserey igantaipgd wolly withinthis argzat ch Adr 25 Adr = (Adr +
TablaiTypeAB,H]) mod 78 EndFor WO 01/20549 PCT/ AUOO 01075 -71 TypeAB =
NOT TypeAB ErfdBaappiag pigwkerpitelsie sarednswstie thsr Tyge @ sempliag procgssfigyernyipdara
170, angdndlcdnWe sb¥PR FRuke/eh. address of fset generation. The offsets are all
relative to the current sanple position (Adr). 5 Table 33. O fset Val ues

for 16- Sanpl e \Adath &§se CRRENAL b Qhdrestig MR eMe SbihsiEd thBre@reltfho ways of processing a

row. Processing of Rows 1 and 3 of Type 1 addressing is the same (relatively speaking) as processing

rows 2 and 3 of Type 2. Likewise, processing rows 2 and 4 of Type 1 is the same (relatively speaking)
as processing rows 1 and 3 of Type 2. We will call these row addressing methods Type A 170 and Type
15 B 171, as shown in Figure 62.

Given a starting position for the 4x4 window (WindowStartAdr) and a starting type
(windowStartType), we can generate the addresses for the 16 samples by means of an 8 entry table

(for traversing the two sets of 4 samples). When we read the first sample value we add an offset from

the table to arrive at the next sample position. The offset will depend on the type (A, B = 0, 1). The
offset from the fourth sample is the amount needed to arrive at the first sample point for the next line
(and must take account of the number of sample columns). After generating each row of 4 samples, we

20 swap between TypeA and TypeB. The logic for generating the addresses for a single set of 16 samples

is shown in the following pseudocode. The addition modulo 78 caters for the cyclical buffer.

Adr = WindowStartAdr
TypeAB = WindowStartType
Do 4 times
For N = 0 to 4
Fetch Adr
25 Adr = (Adr + Table[TypeAB,N]) mod 78
EndFor



011 0214 0337 101 111410121 13 37 At the end of the 16
reads, the TypeAB bit will be the sane as the original value (loaded from
W ndowSt av0o dypesye Readi ng a single set of 16 sanpl es i s nptT/amougi’s Thr ee
sets of 16 sanples nust be read (representing 3 different positions inY
in unrotated i nput space). At the end of the first and second set 15 of 16
sanpl es, the kernel positions are updatgd by the kernel address generator.
The carry bits fromthis update are used to set the wi ndow for the next set
of 16 sanples. TRV "Car¥3bits index into a table containing an offset
and a 1-bit flEagpo The offset is added to the wi ndowstartAdr, and the flag
is used to determte—whether—or—rot—tot+tnvert—WndowStartFype. The val ues
for the table are shown in Table 34. Table 34. Updating W ndowSt art Adr and
W ndowSt ar t Ty pite IdéupiablX chiesistscdf 8 eRttiesGat foryTpe AGA0an@dtforlypesti 71 dddpsss ofised O

NO. chan ?ner%o%. 'I%eloﬁg{fg Lre]a{lgelé]lﬁ}e {oqp{e&}rrentjsaﬂh % SDNQtI&’\ 5' e At the end of the

third s nel “positl are ated to conpensate for
advancenent in X H,rmg_@g,q, I ,;I;jy t tdndi fferent notion
direcdion is pr uggglg%oéﬁg&%!u?g ﬁse ésyspéeJA%rarmal fying table is

used. We cannot adq,pbhgse offnets to Uffeetcurrent 25 W ndowSt art Adr val ue,
because that reppesentsa|gositi uuj,wu movements in Y away from where we
want to start tpe—pverenrlt—GConsegquentty—we—lpad wi ndowStart Adr and

W ndowSt art Type ?romV\D 0L/120549 3(1:Tj AUOO’ 010ff5 -72 another set of

vari abl es: Topstart Adr and2TopStartdfdr, representing the first entry in the
current line ofgl280. Th¢astwo cafgy out flags fromthe Kernel address
generator are upgd-to tookygp Tabte,;35 to detpermne the offset to add to
TopSt art Adr andiwhether—ot not tolinvert TopS art Type. As before, the
addition is modufo 78 (thélsize of ¥he green RAM). The results are copied
to wamdowst art Adt and W p@owStar{Type for use in generating the next 3
sets of 16 sanp| es. 3 37

At the end of the 16 reads, the TypeaB bit will be the same as the original value (loaded from

WindowStartType).

Reading a single set of 16 samples is not enough. Three sets of 16 samples must be read

(representing 3 different positions in Y in unrotated input space). At the end of the first and second set

15 of 16 samples, the kernel positions are updated by the kernel address generator. The carry bits from
this update are used to set the window for the next set of 16 samples. The two carry bits index into a
table containing an offset and a 1-bit flag. The offset is added to the windowstartadr, and the flag is
used to determine whether or not to invert windowstartType. The values for the table are shown in

Table 34.

Table 34. Updating WindowStartAdr and WindowStartType

KernelX KernelY
CarryOut CarryOut Offset’ Type

0 0 0 No change
0 1 1 Invert
1 0 14 Invert
1 1 2 No change

20

At the end of the third set of 16 samples, the kernel positions are updated to compensate for

advancement in X in unrotated input space. This time, a different motion direction is produced, so a
different offset/TypeAB modifying table is used. We cannot add these offsets to the current

25 WwindowStartAdr value, because that represents a position two movements in Y away from where we

want to start the movement. Consequently we load windowStartadr and windowStartType from



5 Table 35. Updating TopStart Adr and TopStart Type Kernel X KernelY CarryQut
CarryQut Ofset’ Type 0 0 O No change 0 1 12 Invert 11 1 0 14 Invert 1 1
13 No chamge1l/Afster processing the 1280 sets of 3 sets of rér/Avemploes, the
next |ine of 1280 begins. 10 However the address of the first sanple for
position O within the next |ine nmust be determ ned. Since the sanples are
al ways | oaded into the correct places_ipfn_Buffer 1, we can always start from
exactly the sane position in Bufferl (1.e. TopStart Adr can be | oaded from
a const aprthessey af V"E‘IP?BRH TIPPStRpASy 8Rd TonfeATipdY r%RtPFP@}'”SHI?J'ESt\‘RPFWdH heyyEeRdngr e
deal i ngofM280, Tisd ma:atrheuttf;agefrdnapmwdSrnelnadaceas gucaratmre asbdao aettup Cavle squent | y

h d di n
Carry offeie Brast i e § dprPradiapE sooaen Gy IR TSR Aol
unr ot at edditiéni i pwldule padte sizhef tHeaggeen BAMY The redmés g@nmepiad td BindoyrdattAng and
W ndowsSarL IR e ?E’ste il ﬁ@{ga‘tuﬁg the nQﬁrafsQ Posi ti onOType i nst ead.

The new val ue 03|t|o ype I's copi e |nto opSt art Type, and

W ndowsSt ar t Adr toTQg,glg,g m},qﬁ%g};ﬂmngl o?gtapﬁﬁbé ion of the new line. The
sanpld ng process—Fer—a—gvep—1280postyion—tHnecannot—begia—unti|l there
are enough entfi eXKdrielBuff er lcerr):dmcec t here by tlhe
Rot at e/ Whi t eBal anc €aRe@dfe ExpanSamyOuini t|| THRIfsethi | || occufyPe28 cycles after
the start of eafh newline [see fectior] 10.2011). [INbchadde 7 Red |and Bl ue
buf fers 20 Buff pr—I—syTed spb-buffer LLF ang,biue qm buffer—147 are sinply
2 RAMs accessedtas—eyet-ecat—butfers—Haeh—buifer 30—bytes—hut has a

| ogi cal arrangepent of 6 ro edth confainii g 6 é’f‘l“[ef"l es. The fel ati onship
bet ween RAM addfess ahd | og|cal positidn is $hown |iNe dhepgere 63. [For red and
blue, the first 16 sanples to be read are always the top 4x4 entries. The
remai ni ng t wo Aret pmasssmb BP0 Setf lof 3Nne2ts afcmasarﬁ;desbyhet héxt Nieadf ngeaberisl t hm
:t SE g)rts \%BE]e ngl;?S? o{ tﬁ?ﬁ eagﬁe orbé)ogltlgg wﬁﬁ%%he %FXE)IS ne r%ustﬁagaerenﬁnl Saﬁlfé’rp 'y
nodul o %samsles aevatways ldatied intoltheoarragt plsesid Gubtierd . wam aiwstsaztatrt&m &Ectythe 0549

E’CX/DQUO% el%Duon W §uffe'|-'pb§ b IBS AR cAn bl BRFed b 3 Ot p8:: MRS, v ADR

we must worry about which type we are dealing with, since the type depends on how much we
advanced. Consequently we have an initial PositionoType which must be updated depending on the
carry out flags from the kernel address generator. Since we are moving in unrotated Y input space, the
logic used is the same as for updating windowstartType, except that it is performed on
15 positionoType instead. The new value for Position0Type is copied into TopStartType, and

WindowStartadr to begin sampling of the first position of the new line.

The sampling process for a given 1280 position line cannot begin until there are enough
entries in Buffer 1, placed there by the Rotate/WhiteBalance/RangeExpansion Unit. This will occur 128

cycles after the start of each new line (see Section 10.2.11).
10.2.10.7 Red and Blue buffers

20 Buffer 1’s red sub-buffer 145 and blue sub-buffer 147 are simply 2 RAMs accessed as
cyclical buffers. Each buffer is 30 bytes, but has a logical arrangement of 6 rows, each containing 6

entries. The relationship between RAM address and logical position is shown in Figure 63.

For red and blue, the first 16 samples to be read are always the top 4x4 entries. The

remaining two columns of samples are not accessed by the reading algorithm at this stage.

The address generation for these first 16 samples is simply a starting position (in this case 0)

25 followed by 16 steps of addition modulo 36, as shown in the following pseudocode:

ADR = StartADR



5 However, this address generation nmechanismis different fromthe green
channel . Rather than design two addressing nechanisns, it is possible to
apply thevgoems4addr essi ng schenme to the red and bl ue cheremwalsyo@amd si nply
use different values in the tables. This reduces design conplexity. The
only difference then, becones the addition nodulo 36, instead of addition
modul o 78. This can be catered for byzs sinple nultiplexor. Looking at the
vari ous address generation tables for green, and considering them as
applied 10 t8°r'et™§hd blue, it is apparent that there is no requirenent
for a Type, sin@e 4bivesthe red and the blue channels do not need to be
rotated 45 degreegspr Soagkhats W $an safely ignore the Type val ue, the

red/ bl ue eqU|vanyt of Table 33, shown in Table 36, has two sets of
identical 4 entries® Table 36. Offset Values for 16-Sanple A ''lress

Gener ati on (RedABt aedPR TypdBB I Offset 0 06 016 150260313 106
116 126 edaBol3 As with green address generation, we nove twice in Y

before advancing-to the next entry of 20 1280 For red and blue there is

no sclling between novenent in kernel space and novenent in the input

space. There lr%mélléothl},oadaféfs@bbﬁé?auoﬁ&né&ﬂadm% different frbhﬁthé\‘érééfw cﬂadn%l @Gﬂh@ﬂ to
xer nei x (see kernel addr ess rgsﬁl']eratlon in Section 10.

As a redtndesigniwoaddressing Rechariimsy b 5 RarsPIgiC apPh g green 883@%56"9 SERIE ‘ﬂg‘eé?d

TabI e 34nd blhe clanhgls, @as sinplyaise diffarenevaties irethe ta§ies Itiote e s désignuminpesityoThéd 0  or
In I C

W ndowsthY SRR g hsohlnd iEor Bsth 38, bitedl0oERARGF i 74" Rl oo be

al so. | gateted farhv e SUTP'GOT_ll,JIt'n}@(OKA/ant to add | to W ndowSt artAdr, and don' t car e

about VWndowStartType. The green values can therefore be safely used for

red and bl ue. LPhkingwthetvafiduseaideess genachliomi@blrefor glegn, Bnd ponsiddrinagierhas ppliédres,

resubd | el Bn@BuEYEE RN BalHEBls FPREyRMeRTIBVE TR, SiAtPG Fod AA@tM@@MfJ

PCT/ AUOO he end of rd set of 16 npl e Topst art Adr

and TopSF%i\”P*W’Bémhﬂ%qd tBé’eLIBBQE’e‘cT’ deg?&leﬁc@ W@t Ye éart‘rﬁ‘i}fP'Mgg'Pf? Ne(féf%l Vﬁ%ﬂil"?ﬂg

AY=0 t o rdsiliadqliivaleritRETAbRY 33 siitwin i TaUIR ¥6 haCwY sufslof idadtis@yseniRs 0.  The

red/ bl ue equivalent of Table 35 is shown here in Table 37. Note that there

i s no Type col umm Table36.80ffsky Paluesfon 6-SamplerA-aindssiGrnefatidn (Redfilue).

TypeAB N Offset
0 0 6
0 1 6
15 0 2 6
0 3 13
1 0 6
1 1 6
1 2 6
1 3 13

As with green address generation, we move twice in Y before advancing to the next entry of

20 1280. For red and blue there is no scaling between movement in kernel space and movement in the
input space. There is also no rotation. As we move in Y, the AY of 0 is added to KernelXx (see kernel
address generation in Section 10.2.10.4 on page 69). As a result, the carry out from Kernelx will never

be set. Looking at Table 34, the oniy possible occurrences are KernelX/Kernely values of 00 or 01. In

the case of 00, the green solution is no change to either WindowStartAdr or WindowStartType, so this

is correct for red and blue also. In the case of 01, we want to add 1 to WindowStartAdr, and don't care
about WindowStartType. The green values can therefore be safely used for red and blue. The worst

o5 case is advancement by 1 in address both times, resulting in an overlapping worst case as shown in

Figure 65.



Tabl e 37. Updating TopStart Adr and TopStart Type (Red/Blue) 5 Kernel X
Kernel Y CarryQut CarryQut Ofset' 000 0111 106 11 The process
of advanwwagi/tesem one |ine of 1280 sets of 3 pixels to therCvaxbo/#1®73 he sane
as for green. The PositionoAdr will be the sane for the first set of 16
sanples for a given line 10 (PositionoAdr = 0 for red and blue), and Type
is irrelevant. Generati on of the next 44 nhe cannot begin until there are
enough sanpl es in Buff . and bl ue generation must start at the sanme
time as greedM §Esaf Sttl‘%rtr‘"d §‘3 °E%ﬁﬁ?dtp'eﬁe’§iipﬁti§ﬁtqua“i?@s&%F@§”%Hsf%er URdgtedst ar t
of a nesintd WE afeTRRiInGaAT Ki(ad atiding A¥30 to kedk212), the BBy ait@pom\Rbiiay Ralawaye band
RAVE 11 1137008 oFhiey 87208 st B e m RRR R g here i el R o
111, asnd:ess:mqtbmrtbrytf@&mooalu@ 2.3 and Section 3.2.4. The pi xel s 15 nust
be produced for Bufferl fast enough for their use by the Resanpling process
112. This means tﬁah'eélrrumt"wEn@@@ﬁm@ﬁtaﬂyw&é@'“e@ his unit nust be

able to read, prdcess, and stpre red el's, 6 Dblug pixels, and 13 green
pi xels. The opti gnal éf#g d on steﬁ; % rtakgfps Jy rdading pixels in the
appropriate or der.—-Qdee—a—g4— | been Fead from t he appropriate

plane in the imagestore. it n¥ist be white bal anced and its val ue adj usted
according to the [r&ange expansj bn cal cul atifon defined ijn Section 3.2.4. The
process sinply i nyol ves a sijgle subtract ®n (flToor Q), and a nmultiply
(255 ceiling), b t1l agarnst——¢ ot spectrfrg—26—constar|ts. The structure of
this unit is shown-in Figure 66 The red lgreen and bllue | ow threshol ds 72,
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that during a single group of 75 cycles, this unit must be able to read, process, and store 6 red pixels, 6

blue pixels, and 13 green pixels.

The optional rotation step is undertaken by reading pixels in the appropriate order. Once a
given pixel has been read from the appropriate plane in the image store, it must be white balanced and
its value adjusted according to the range expansion calculation defined in Section 3.2.4. The process
simply involves a single subtraction (floor 0), and a multiply (255 ceiling), both against color specific

20 constants. The structure of this unit is shown in Figure 66.

The red, green and blue low thresholds 72, together with the red, green, and blue scale
factors 173 are determined by the CPU 10 after generating the histograms for each color plane via the

Image Histogram unit 8 (see Section 9).

Depending on whether the current pixel being processed in the pipeline is red, green, or blue,
the appropriate low threshold and scale factor is multiplexed into the subtract unit and multiply unit, with

25 the output written to the appropriate color plane in Buffer 1.



bit integer result is set to 1 s, and the fractional part set to 0. 5 Apart
fromthe subtraction unit 172 and multiply unit 174, the majority of work
in this wObn1/20549 perfornmed by the Address Generator 175, MIT/A00/61075
effectively the state machine for the unit. The address generation is
governed by two factors: on a given cycle, only one access can be nade to
the Imge RAM 11, and on a given cycLﬁs only one access can be nade to

Buf fer 1 114. t sets es a used for
Condi ng. But f e Subasl G 2pieans e ST mpdsn oS roihect 5l Fd KM BiEhas
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Si nce tH'é'"f?@%re{ﬁﬁ{"é?5%5’51583’5"6‘9%“?9!'0%9% O-each 75 cycle period, there are
27 cykles available for witing. Wien the resanpler is not running, we
want to | oad HpaBiPmehe sybiragtigs unih §7 28 dnuiinrl, unifHi7 ¢ Hhereaiegty f WPkt thiSnig f er |
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the tuffer bei ngs witten to is red, green or blue. Not all colors are 20

writtenthédeic ameé*ea%m?"a’d"% col um of green will typically require

repl eni atf twice the r red or blue, for exanple. The logic is
shown i °'?'Hg1f%ﬁ"§'8§ﬁ gnastiandex %‘H&' If the color to wite is Red Wite to
Red Bufferl at_ RedAdr RedAdr = RedAdr + 1 nod 36 25 Else |If the color to
wite is Bl ue QP HEromaRINIRFaEEI BXYNDIe M are 9fly genceraed withawriliag ts Buffer!|dutipg
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each 75 cycle period, there are 27 cycles available for writing. When the resampler is not running, we

I'S

want to load up Buffer1 as fast as possible, which means a write to Buffer1 114 each cycle. Address
15 Generation for Buffer1 consequently runs off a state machine that takes these two cases into account.
Whenever a value is loaded from ImageRAM 11, the adjusted value is written to the appropriate color in

Buffer1 one cycle later.

Address Generation for Buffer1 therefore involves a single address counter for each of the
red, blue and green sub-buffers. The initial address for Redadr, BlueAdr and Greenadr is 0 at the start
of each line in each case, and after each write to Buffer1, the address increments by 1, with wrapping at
36 or 78, depending on whether the buffer being written to is red, green or blue. Not all colors are

20 written each 75-cycle period. A column of green will typically require replenishing at twice the rate of red

or blue, for example.

The logic is shown in the following pseudocode:

If the color to write is Red
Write to Red Bufferl at RedAdr
RedAdr = RedAdr + 1 mod 36
25 Else

If the color to write is Blue



Wite to G een Bufferl at G eenAdr GeenAdr = GeenAdr + 1 nod 78 5 Endlf
10.2.11. 2 Address Generation for |Imge RAM Each plane can be read in one of
two ori em@vi/znsgy - rotated by O or 90 degrees (anti- cl ocRer/agpo/oidd s
transl ates effectively as roww se or colum-w se read access to the planar
image. In addition, we allow edge pixel replication or constant color for
reads outside inmage bounds, as well asyginmage w apping for such print
formats as Passport 31. 10 At the start of each print line we nust read the
| mageRAM 11 to 548 CpPBSF1EFI 1174248 ast  as possible. This equates to a
si ngl e access t 8lwAdanpilecr@ch 1cyd| ¥ Resanpling can only occur once 5

col ums have hegn | oaded, V\/ni ch nmeans 5 columms of 6, 6, and 13 sanpl es,
for a total of 1%5 C}/cles us an extra cycle for the final value to be
witten out to° BUF T ﬁﬂntfetlesr él'ng | oaded from |nageRAM 11. To make

t he counting ea¥fige, tongreep Pnbifegp atccre2@deycl es. After the first 128 cycl es,
t he checking f obrdchgud equtéraent1 oa lvead t he next columm of 15 sanples for
each of the 3.cglors occurs each 75 cycles, with the appropriate sanples

| oade®™ during_t & subsequent 75 cycles. However, the initial setting of
whether to load during the first set of 75 cycles is always 1 for each

col or. n m of each color within Buffer 1 to
be fill g?fh%l\? A éerg%sn%m{;ﬁe%?h %Iacycmej period, the Kernel XCarryQut fl ag
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beconmes 6 or 13 reads to a colum in Bufferl, we keep a starting
posi t i of"398 RRAIEE f?‘é“%ﬁh@@"%‘%aﬁ%s%& read . W al so keep a coordinat e
valueoto allow the generation of out-of- bounds coordi nates to enabl e edge
pi xel replicatAt8if st spamrintiesre mushtpad tigdwacsfpdh 11 (Rdordompsiufer! tihas et i ve
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i's recelved nd may invol ve edge replicatio
always 1 for each color. This enables the final 6th column of each color within Buffer 1 to be filled.

At the end of each 75 cycle period, the Kernelxcarryout flag from each color plane of the
Kernel Address Generator in the Resampler 112 is checked to determine if the next column of samples
should be read. Similarly, an AdvanceLine pulse restarts the process on the following line if the

KernelyCarryoOut flag is set.

20 Since each ‘read’ effectively becomes 6 or 13 reads to fill a column in Buffer1, we keep a

starting position in order to advance to the next ‘read’. We also keep a coordinate value to allow the
generation of out-of-bounds coordinates to enable edge pixel replication, constant color, and image

wrap.

We consider the active image 180 as being within a particular bounds, with certain actions to
be taken when coordinates are outside the active area. The coordinates can either be before the
image, inside the image, or after the image, both in terms of lines and pixels. This is shown in Figure

25
67, although the space outside the active area has been exaggerated for clarity:



constant colors for out of bounds, or inmage pixel wapping. 5 If we have an
address, Adr, of the current sanple, and want to nove to the next sanple,

ei ther owohe203ext |ine or on the sane |line, the sanpl e' spcoavdi/oiare w | |
change as expected, but the way in which the address changes depends on
whet her we are wrapping around the active inmage, and nust produce edge

pi xel replication when needed. Wen thefe is no wapping of the imge (i

all print for S, e tPasso erformthe actions in Tah

25 wb advance NI PR e Bmeiaap. O o et coffcningntgtiso Vasgral ot dNPa*éne oPU
10 si nphie ssvegpeel biwklifeldonsts aavedet, xiete aduressgendrBtidnde kinrfgpnakerdeibarey @8s abde
only ti SpalyS | e, | CLi ne
when Li AOahARind i05E RIS E1e ol NG ol e e ad teed o St £ o
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of boungds,sGRPLAErORE 65t of BdiAds, g,qhg&e‘g,%pw%ﬁm gelected in instead of the value

stored at the appropriate address To al | ow wr appi ng, we sinply conpare
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to Per f or m when Advanci ng xel LI ne L| nea Pi er Pi xe
Li ne Cha'ﬁ‘gém thegnexldineor A@ﬁhe.ﬁampm@nhe sampde’s couitinate Wil changejas@xpestey, Mr‘he: Adr
+ AP Xellvafﬂrwmchm adﬁ@s’s Gﬁang@s depéilis on witdithervd-hrid@vrapbing Afbuiid theAdive TmAsH, arfd

APi xel + + a urrent Line ordinate with ActiveStartLine
and Act Wét@tﬁ?ﬁi’F?l%dge pl'r%' 'E?'H%WQ 318? NeR%8fartLine, we call the vaI ue " f
ActiveStartLi ne < Line < ActiveEndLi ne, we call the val ue

Act i veEndLi ne Y¥henthefg is B wiagaing; g inage @.g.all pyint \fﬁémétér?ﬁf&erpé PlaFFé’°Eu°‘r1?

Pi xel opelfonatie auitiors iM\Table 8Shawe Rilvaate iafioe dciiter alnotbie)salimagel Hy 98ideglees; the
Acti veSEgBt1l8| i&edh(,\sewwg &?Ab‘ﬁghﬁd ﬁxeLf | f ActiveStartPi xel < Line <

Act i veEndPi xe é va 'Vﬂ”es | f ActiveEndPi xel < Pixel, we call

h | " " d
boccr tbog i n HeBiR ”%é“?g'sﬁﬁﬁ%%eﬁﬂe (bS5 e i v et i S BOYRRC P b, 2
novi ng by ohin® when H)ineSeeseuipdhtBy folimavinidthese simple ey Adal wikk baotalld/\@roeli/geaﬁcée
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for the current | 1T ne so can advance
selected in instead of the value stored at the appropriate address

.To allow wrapping, we simply compare the previous sense (-,0,+) for Line and Pixel with the

Table 38. Actions to Perform when Advancing in Pixel or Line

15 Line? Pixel? Pixel Change Line Change
- 0 Adr = Adr + APixel
0 - Adr = Adr +AlLine
0 Adr = Adr + APixel Adr = Adr +AlLine
0 Adr = Adr +ALine
+ -
20 + 0 Adr = Adr + APixel
+ +
a. We compare the current Line ordinate with ActiveStartLine and ActiveEndLine.
If Line < ActiveStartLine, we call the value “-".
If ActiveStartLine < Line < ActiveEndLine, we call the value “0".
If ActiveEndLine < Line, we call the value “+".
b. We compare the current Pixel ordinate with ActiveStartPixel and ActiveEndPixel.
If Pixel < ActiveStartPixel, we call the value “-",
If ActiveStartPixel < Line < ActiveEndPixel, we call the value “0”.
If ActiveEndPixel < Pixel, we call the value “+”.
25

new sense. When the sense is “-” we use the advancement as described in Table 38, but when the

ordinate becomes out of bounds (i.e. moving from 0 to +), we update the adr with a new value not



the start of the next line once the current |line has been generated, we can
do the followng: |If a change is in Pixel, and the pixel sense changes
fromO taveo(/2esed cati ng we have gone past the edge of theCT/aEg®)1073ve
replace Adr with the LineStartAdr and replace Pixel with Active-
StartPixel. Line remains the sane. |If a change is in Line, and the |ine
sense changes fromO to + (indicating_wg._have gone past 5 the edge of the

i mage we subtract Del faColum fr a Line with ActiveStart -
o) oS Aot R ARG MO A TRt oG Mt JPEEE Pt v o e 1
gener at ithegstérhef tiadabixelms onefthd Ebroeel I;neAe$ bese Geaarated, we)cah o the(feliowinlg,

Acti veEndLi ne- either 6
o 1 R penai Tk aRO s et abd el Senfh ohtoep Som i R ghoiing BERAE bohf hast S

Fi r st Sanpl eLi nige edd® gbithedinage)Fwe spBegrptrafingied LineliartAdr Bnd spBeerPixe Adth ActiveN
times (6 or I eI Sense( pi xel ol dLi neSense =

Li neSegse(ng %t?ﬁﬁ%i&%\;e ﬂﬁ&?ofﬁtl neSense( g: I n?Acti ve) AND (ol dPi xel Sense
== | nAct®i ve)) [f&thangeusin Lingd@nd the)linApgnseiskanoessiram P Yo Stindidating-wehavetaang st or

15 el &e Sarrpltﬁe ed e%tf ﬁ@(rﬁébre) we%ﬂgtHct lbél@@olumh 'frgrﬁ Alr éndI Splé((eLLlﬁ'é%rA%ﬁ'\feLskaﬂe)

AND wr apl mage) r Colum 1 ne = ActiveStartLine

((Li neSense(]| |Lr\’éf3) Pixel re'Oa'?s ﬁﬂ@@?@ﬂE??ﬂ@S‘éﬁé%ﬁ aqgirgsy offse fo generating the,address
Del t aLi ne  EnddffpifentloaveSEREins ertdn (Pikef, AEtiveBRdLIn¢an.i abl es as Fi r st Sanpl eLi ne,
First Sanpl ePi xel , and FirstSanpleAdr is in the address generator section

that responds i I&g%fBMoélﬁHg thd S8 Rurhised 67 JahPIeK@ithst6 or A HeB &g RbIBE) & showk$
wel | as Av ceLi ne aes fromthe MII. The logic for this part of the

address '™ %‘?‘1'59 %ﬁei” % shown in the followi ng pseudocode:

line = FirstSampleLine

10 pixel = FirstSamplePixel
adr = FirstSampleAdr
Do N times (6 or 13)
oldPixelSense = PixelSense (pixel)
oldLineSense = LineSense(glLine)
inActive = ((oldLineSense == InActive) AND (ocldPixelSense == InActive))
If ((NOT inActive) AND UseConstant)
Sample = ConstantColor
15 else
Sample = Fetch (adr)
EndIf
line = line + 1
If ({LineSense(line) == “+”) AND wraplImage)
adr = adr - DeltaColumn
line = ActiveStartLine
ElseIf ((LineSense(line) == “0”) AND ((oldLineSense == “0"))
20 adr = adr + DeltaLine
EndIf
EndDo
The setting for such variables as FirstSampleLine, FirstSamplePixel, and
FirstSampleadr is in the address generator section that responds to carry out flags from the Kernel
Address Generator, as well as Advanceline pulses from the MJI. The logic for this part of the address
25

generation is shown in the following pseudocode:



WO 01/ 20549 PCT/ AUO0/ 01075 -79- FirstSanplePixel = 0 FirstSanpleLine =0
Fi rst Sanpl eAdr = FirstLineSanpl eAdr = ActiveStartAddress count = 0 Do
Forever 3woOh1/40sker nel XCarryQut) OR (AdvancelLi ne AND Ker nepdCavny@ory OR
(count < 5)) Do N Sanples for this color plane (see pseudocode above)
Endl f ol dPi xel Sense = Pi xel Sense( Fi r st Sanpl ePi xel ) ol dLi neSense =

Li neSense(FirstSanpl eLine) |f (Advancedine AND Kernel YCarryQut) count = 0
10 FirstSanpl eLine = FirstSanpleLine + 1 FirstSanplePixel =0 If

((Li neSense(Fi i i
St art Addr ess EiPs8§tSahPi®li né = ActiveStartLine El sel f
((Li neSense( FristSappdiehd reg == "0") AND (ol dLi neSense "0"))
FirsthneSaaneAdr = FirstLi neSanpl eAdr + DeltalLine Endlf 15

Fi r st Sanpl eAd Lne Isgl K carryaut OR (count <
5)) Fi rstSarrp%eﬁﬁl Xer feA%[ﬁl rs]trrrgﬁmﬂgd leﬁ P el %Ear%kg_é count + 1 If

((Pi xel Sense( FPy&§t=Sdnpl ePi xel ) AND mmaplnage) First Sanpl eAdr =
FirstLineSanpbeAﬁmekrstSanplePier ActiveStartPi xel Elself

((Pix®l Sense(Fi ¢ mgﬁe;{;%%) 2R anAHQe(A%CInggﬁbé%@f&u 20 (¢ un)c)< 5))

Fi r st Sanpl eAdr Z |rstSa taPi xel EndDo

Do N Samples for thlS color plane (see pseudocode above)

EndIf
oldPixelSense = PixelSense(FirstSamplePixel)
oldLineSense = LineSense(FirstSampleLine)
If (AdvanceLine AND KernelYCarryOut)
count = 0
FirstSampleLine = FirstSampleLine + 1
10 FirstSamplePixel = 0
If ((LineSense (FirstSampleLine) == “+”) AND wraplmage)
FirstLineSampleAdr = StartAddress
FirstSampleLine = ActiveStartLine
Elself ((LineSense(FirstSampleLine) == “0”) AND (oldLineSense == “0”))
FirstLineSampleAdr = FirstLineSampleAdr + Deltaline
EndIf
15 FirstSampleAdr = FirstLineSampleAdr
ElseIf (KernelXCarryOut OR (count < 5))
FirstSamplePixel = FirstSamplePixel + 1
count = count + 1
If ((PixelSense(FirstSamplePixel) == “+”) AND wraplmage)
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartPixel
Elself ((PixelSense (FirstSamplePixel) == “0”) AND (oldPixelSense ==
20 “0”))
FirstSampleAdr = FirstSampleAdr + DeltaPixel
EndIf
EndIf

EndDo

25



WO 01/ 20549 PCT/ AUCO 01075 -80- 10.2.11.3 Register Sunmary There are a
nunber of registers that nust be set before printing an i nage. They are
sumari zedo hezis49 n Tabl e 39. To rotate an i nage by 90 degrerapositm y
exchange the DeltaLine and DeltaPixel values, and provide a new
Del t aCol um val ue. Table 39. Registers Required to be set by Caller before
Printing 5 Register Nanme T Descriptiogyl mage Access Paraneters Wapl nage
Tile i r s .to replicate i nage when out of inage bounds UseConstant
If O, Fﬁ@gé@a'g%g'?‘sb? W8Yon or wrapping occurs on reads out of inage
bounds. If 1, .a constant color is returned. Red ActiveStart AddressR The
address of red herenie CS&E??’\FES?%?“P@NQ@I’““SA@ﬁ%§FQF% Pifiag an imagegljeRA® 10
Act i veSkanharizee RerEheTéblé 4. Toadthtd ahiimegel 13190l degreesBatply Excharde S0 aline and
relatio l%.l Ln Act | veEndlqsﬂ The first line out of bounds for the
ofirel s el

i mage i _ anﬂ\@fqv{?ggtng‘fv W"Wﬁl}efl rst valid pixel for the inmage
inred space (in frsi,.%b%gss?e RGlirdd o 3} BPERURRERISE RG] |71 Pl x| out

of boun or_the ace e nrrnnn 'rn add to the
curr ént adﬁésﬁ&ar NQngmva from one | | ne to ﬁgg@r,p{@(t inred space Del|t aPi xel R
The ano pue ez A%y re—ctrrent—address—to novefromoneptrxet—to t he
next on i Shs PH mee$ r ampunt to add to the

current| WaRPABage t o nove Tie iBRIAreasdarenlippte image whgh oytiohimage beuRds Act i vie i mage
area to| UseConstemt pi xel | 60, image édgeséplitatios ookrapifigeoctars ow eeadsrag of imagea i n r ed
space. [Constant Col or R Reoeindsl or val ue to use if address out of bourlds and
UseConst ant =1 G een Agffilva@nglentddr sset@ngthe addr ess of green sanplle
(Acti veSRedt Pixel, ActiveStartLine) in | mageRAM ActiveStartLineG 'lhe first
valid | e mE

Act veEnéﬁwéé*és'Wes R 5 gi*’dgﬁg‘é*‘fea?% &A 4 %?”f“#%a%“%'ﬁe)giee space 20

Acti weS Piel-G—Fhe v-af el C—aE u s un SHage I N
Tol ati opAdt eqipRfeR) AF men e B Aoimacs i re SPRPS. ] relg ariging Q) b ff)r t he

i mage i nAgweFaWL_Elche De Thexfirstipeoatiotbaundsifer the inaggdn ted spare cur r ent address to
nove frpAttReSattPikd@Rt O | Mee first valid pixel for the image in red space (in relation to pixel 0)

ActiveEndPixelR The first pixel out of bounds for the image in red space

DeltaLineR The amount to add to the current address to move from one line to the
next in red space

DeltaPixelR The amount to add to the current address to move from one pixel to
the next on the same line in red space

15 | DeltaColumnR The amount to add to the current address to move from a pixel in the
last line of the Active image area to the same pixel on the first line of
-the Active image area in red space.

ConstantColorR Red color value to use if address out of bounds and UseConstant=1
Green
ActiveStartAddressG | The address of green sample (ActiveStartPixel, ActiveStartLine) in
ImageRAM

ActiveStartLineG The first valid line for the image in green space (in relation to line 0)
ActiveEndLineG The first line out of bounds for the image in green space

20 | ActiveStartPixelG The first valid pixel for the image in green space (in relation to pixel 0)
ActiveEndPixelG The first pixel out of bounds for the image in green space
DeltaLineG The amount to add to the current address to move from one line to the

next in green space

DeltaPixelG The amount to add to the current address to move from one pixel to
the next on the same line in green space

DeltaColumnG The amount to add to the current address to move from a pixel in the
last line of the Active image area to the same pixel on the first line of
the Active image area in green space.

25 | ConstantColorG Green color value to use if address out of bounds and UseConstant=1
Blue




next

to

the next on the sane line in green space

in green space DeltaPi xel G The anmbunt to add to the current address to
nove from one pixe

Del t aCol wmo@/Iise9 anount to add to the current address to povaubw@ora pi xe

in the
i ne of

| ast

the Active image area in green space.

line of the Active inage area to the sanme pi xel

on the
25 ConstantCol orG G

first
een

color value to use if address out of bgunds and UseConstant=1 Blue WO

01/ 20549 PCT/ AUOQOL0

Cal |l er

addr ess
ActiveS
relatio
I mage i
in blue
of boun
current
Del t aP

to the
to the

i mage a
bl ue sp
bounds

pbefore Prinf

-81 T ed.to be set

et oraacbt s PREYY BASIgY | Adr os

of 4

W AptyePlarRddmss A

n bl ue space 5

%ﬁég- Resiater

(ActiveStartPixel,p %hbm§§tartLine) in 1 mg

e adehensioh i sawles (etieStartielofttivestatiinghtts f g
NP39FBaMAr t P xel B The first valid pixel for t

sptiveStatliimeB el af iToenfirstovajid beelfor@he image inbhErsd@eqinl rilatidndo firer@t i xel

jﬁcltf\l/@EndLﬂ@Bl mag

3T£1é1ﬁr§i IiA8 oBtRBEUNEETOF b lif&Y8 il Bige gpdes nt to add

A
AetveEndRielBe sa

bSRRPikdB O

SR (g s O, T
¢ firsiePixehoy p{Rouadsfertheigiags (N YfEPBCeThe  anpunt

C DeltabimeBaddr ess
rea to the sane

Tbe arpouat foraddrioghgxduxrent addresdite movaom bnelime of the h
pextéiblegspabee first line of the Active inmagd

and UseConst ant

~the néki dnehEadn@niee inaond spaggge Expansi on Par anet

RedLowT
G eenLo

REROATY . 1

Bl ueLowfrhr eshol d 8-bit

8- bi t 4@

/%é‘?médﬁft’{ora%ﬁ & He COrRIT Zdatbss WPMbve T S Fixel in the
ne&f P RERRGhER QBN SRR phxaPH thy ASURS of
Wl Ad8veSithabd a6k RAbIespaeb! ue 1 nput “val ues

RedScal
G eemse
pi xel s
pi xel s
of Consu

15

20

25

t—s
bhi-t

=5
5

 EaRil

3
g

8 cole el
cal’e ?ar‘

" C U
B etc‘fﬁselfemﬁd Us
S or jISe S

Less Uty
or-ra

=, CANALTIS
I boungs and
alal ¥Xha

| UIL | el
eConstgn‘l_’é"l
on._o g r

TBEeRBow Threshold

8-bit value subtracted from green input values

BlueLowThreshold

8-bit value subtracted from blue input values

RedScaleFactor

8-bit scale factor used for range expansion of red pixels

GreenScaleFactor

8-bit scale factor used for range expansion of green pixels

BlueScaleFactor

8-bit scale factor used for range expansion of blue pixels
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Although the invention has been described with reference to specific examples, it will be

appreciated, by those skilled in the art, that it may be embodied in many other forms. The following

numbered paragraphs provide the addressee with a further indication of the scope of the invention,

although other novel and inventive features and combination of features will also be clear from the

disclosure therein.



[2] Silverbrook Research, 1998, Authentication Chip. Al though the invention
has been described with reference to specific exanples, it wll be

appr eci atved p1/lg49 hose skilled in the art, that it my be pabagiedorn nany
other fornms. The followi ng 20 nunbered paragraphs provi de the addressee
with a further indication of the scope of the invention, although other
novel and inventive features and conbigation of features will also be clear
fromthe disclosure therein. 25 WD 01/20549 PCT/ AUOO/ 01075 -82 We claim
1. A netVRRP"Bt providing an image for printing at a predeterm ned bi-|evel
dot resolution which corresponds to a predeterm ned continuous tone

resol ution, tHhe nétMmeHod ?f&“ﬂ’&"}ﬁgj’”t"ﬁégesff’é'ﬁfg‘“ﬂﬁ at a predelgriingd bijeve) datresqhtion set

i ndi cat iweh Gérrésb@'ndb E@:Q@redété]ﬁlr@a'&:&\tlﬁ@dusb@ieﬁ&ddﬁor@ tiRav@hod indlutitg ted stegs dfi I St
br edet er m ned contFiRLE e Grfa s atsPte e S ook, Be BpR e oo gt mar b ok ot
into a third defret resetutiof, t he predeterm ned bi-level dot resolution; and

meking the third %?ﬂ\ﬁenﬁmﬁtthuﬁf‘ﬁ'?t' cla?ab%eﬁo a%e&)rn %EErse?Bf [’ng'?regétg&ﬁrge%réghnﬁg%s

bi -1 e&vel dot resolutio accor to c erein
first resol utitene rasadines t he predeterm ned 10 bi -1 evel dot resolution. 3.

A met hod accor di ngoherthh MdBebott @itLi irid'8 tHidd data 68 80thé! bleB&tedmined iRl &dof han
the predeterm ned bi-|evel dot resolution. 4. A nethod according to claim

1 wherein the "§PEPn@E8Lol ution is Iess than the predeterm ned bi-Ilevel dot
resolution. 5. A neikhgdahecdardhta gett avaitdbii w1 4 prifter ei thetpiedetdrminéd dalevel @t | S
in a red, greergsourtlld blue 15 (RGB) format and the printer is responsive to
a cyan, magenta ancc’ln yel | ow (CWY) forrrat and the nmethod |ncI udes the

addi tional st of co [t h dat a 01 fro
oW formt. & ANEEREEEs R Sy o BraThe 17 bR et P pBig i °
sharpnnbﬂgvedm*,@ewmm data set. 7. A net hod according to claim1 including

the step of sharpening the first data set. 8. A nethod according to claiml
wherein the fid st Alatethod edccording 3o adaired! whengina theefirstoresol@®n die \greagerathen ttiinee

met hod 'B%Ltgg‘ﬁﬁed_ttj?_%vﬁtdgpregglutg,qrrpensat| ng the first data set for

non-linearrties int sensor device. 9. A nethod according to claim$8

wherein the st ep 93]: n?meg&gﬁdﬁnggtol QuSJaneﬁnSr‘éﬂVﬁn”Hé'Q resolution is less than the

predetermined bi-level dot resolution.

5. A method according to claim 1 wherein the first data set is in a red, green and blue
15 (RGB) format and the printer is responsive to a cyan, magenta and yellow (CMY) format, and the
method includes the additional step of converting the third data set from an RGB format to a CMY

format.
6. A method according to claim 1 including the step of sharpening the second data set.
7. A method according to claim 1 including the step of sharpening the first data set.

8. A method according to claim 1 wherein the first data set is obtained from a sensor
20 device and the method includes the step of compensating the first data set for non-linearities in the

sensor device.

9. A method according to claim 8 wherein the step of compensating includes converting

the first data set from a plurality of x bit samples to a plurality of y bit samples, where x > y.
10. A method according to claim 8 where x=10and y = 8.

11. A method according to claim 1 including the step of planarising the first data set into a

25 red plane, a green plane and a blue plane.

12. A method according to claim 1 including the further steps of:



the first data set froma plurality of x bit sanples to a plurality of y
bit sanples, where x >vy. 10. A nethod according to claim8 where x = 10
and y = &0 20549 met hod according to claim 11 including therCEASp/@I075

pl anarising the first data set into a 25 red plane, a green plane and a
bl ue plane. 12. A nethod according to claim1l1 including the further steps
of : WD 01/ 20549 PCT/ AUOO 01075 -83 deggrn‘i ning for the first data set the

m% of dar kest | xel s nd t he n% of the htest pixels; e}g{;eu_sti ng- t he
first data set efeH"'B'&& etﬁl‘%dﬁ%%‘rt“"ci@/%ég ket Ripls andih| N%f HelipMEStPiRES i r st
data set to equate the n% of |ightest pixels. 13. A nethod according to

clai m 1 i ncl uddigtingiee ﬁ‘iifd’?ﬁ%ﬁ'ﬁleqﬁt‘é}ﬁ‘%‘f% SifarlertAvgISi A first data 5 set to
provide a predetern ned white balance. 14. A method according to claim1l
i ncl udi ng t he a8iyEingitemipt dtessst toreaudlp thetaef lioMest Pelst data set to provide a

predet erm ned range expansion. 15. A method according to claim 13 or claim
14 wher ei n t hel3¢olfomethedagegidingrio elpim hiclpipg the additiepabiter pfadjusiinadthe firgt detd | e

mai nt ai Reig ploliBe & proBetSRMtdddhits Baighddt i on. 16. A method according to claim1l
where?n the first data set is selectively adjusted for 10 providing the

i mage in a pregdet e mhnsdadcBldfy!t9Bidim anblﬁﬂ\ﬁ?fh'e%@dltléngl stépofaéa firfd thé ik Odata
providing an image for printing at a erm ned | evel dot resolution
whi ch cé?trt%gi%'ﬁ%i%pﬁesetamﬁ?eé’dérig@ﬁ’ﬁ’?i‘ét?"cont| nuous tone resol ution, the
apparatus including: input nmeans for receiving a first data set indicative
of the inmage, '®he AlReHOd aecopiingrg daim 43 opalpiay 14 Wheraip ther colprfresoltion efsthe fitst on:
sanpl i N@a@RANS intrehsed WhiEmbintaghidghee ddnfeSdpatibitesolsin. i Nt 0 a second data set of
the predeterm ned continuous tone resolution; 15 processing means for

converting thejgseqopdihd@hacordilg foMdidma Mhuréud tréaftrﬁ daff sddfis didttivdly Bdj@ied 6t ned
bi -1 evel dot resol utio g?t e.third data set available to a

print@r pf%P'“SFWeHT’PQFg'"étpre(dﬁ'(?"B'P%ct‘@ W ALQ=H" | evel dot resol ution. 18. An
apparatus according to claim 17 wherein the first resol uti on matches

t h
predet er ni ned Wi - F&2AP2RYEs PeOWVFNIAD. iMpge 1. prﬂﬂngaﬁbarpé‘fq.?ée”ﬁ@%lbb'ie}ﬂ dt°b
claim 1?esdnedsremnchtd63e§pbmstto b@sambtetmmu ¢oﬁtlrglb6@ﬁ)ﬁé re%dslatmnttheapqmramahah@rdngned

bi -1 evel dot resol.utj acco rein the
first resolution i®" 'é‘%asnst rece{vﬁ‘@ aF}%tg%lafeetrmr?fca{ég Qg%ﬁméa 8 %ag%tarseet\gg'lngfl n.

21. An appar atBayerderowet efiafgstresolptien; m 17 wherein the first data set is in a
red, green and b's‘dﬁW%aJs%F%q@ﬂﬂg RS iR 1B Set lifto P SRBAG 4B IR o iy AN,

magenta and yel |l ow ( or mat
.~ predetermined continuous tone resolution;

15 processing means for converting the second data set into a third data set of the
predetermined bi-level dot resolution; and
making the third data set available to a printer for printing at the predetermined bi-level

dot resolution.

18. An apparatus according to claim 17 wherein the first resolution matches the

predetermined bi-level dot resolution.

20 19.  An apparatus according to claim 17 wherein the first resolution is greater than the

predetermined bi-level dot resolution.
20. An apparatus according to claim 17 wherein the first resolution is less than the

predetermined bi-level dot resolution.

21. An apparatus according to claim 17 wherein the first data set is in a red, green and
blue (RGB) format and the printer is responsive to a cyan, magenta and yellow (CMY) format, the

processing means converting the third data set from an RGB format to a CMY format.

25
22. An apparatus according to claim 17 including the step of sharpening the second data

set.



processi ng nmeans converting the third data set froman RG format to a CW
format. 25 22. An apparatus according to claim 17 including the step of
shar peni mgovhassecond data set. WO 01/20549 PCT/ AUOQ 010F6T/AUB01AZ An
apparatus according to claim 17 including the step of sharpening the first
data set. 24. An apparatus according to claim1l7 wherein the first data
set is obtained froma sensor device_gpd the input nmeans conpensates the
first data set _for non-linearities in the sensor devtj e. 25. An a Parat us
according to Pai MNZRPHALE PG 4Ngde EaipEracidingne 8ifP HsnaPeHReipe "ns'e‘gaasm-

i ncl udes converting the first data set froma plurality of x bit sanples to
a plurality of4y HWNt@PRZ[AYF according tQ\H%'F‘é7>¥Vh9re‘ﬂth?§'?t%‘?%E&P‘ét"ﬂ%fr%ES?Whg to
cl ai m 23ewdeeine the impul Meamboynpensates 2k firdhdata RPF6EHoHSIn@RiGEY if tHeGehddr 8dvidem 17
wherein the i nput nmeans planarises the first data set into a red plane, a

green plane ang a Al apakthdnNgocodg t6\EaHPRANHesin AL Bdrkliengatib® féH inthddfities
wher ei n,th; i nput _mean%: /getern? nes for the first dat asoietl_ t%e no of

dar kest MU LU R\ TRORR SP I BRIt saplesdp AW ¥ B @MRESt a
set tD egeratxe yt he nto of darkest pixels; and adjusts the first data set to -
equate the n% of |ightest pixels. 29. An apparatus according to claim 17
wherein the irmgut Aneppsaratudjacdtdingtth elaifi 2534hetkak a16@hd y £6. provi de a

predet erm ned white bal ance. 30. An apparatus according to claim 17 wherein
the input neans. aginkpbsaratud@cdordifyg to @RInf1 B @hereih Ghedihlif infdanSpliafskRitRe firfst Rk
range ex%)ta sion. 15 31. AnI aeo_%?rabtlus according to claim?29 or claim 30
wher ei n STHEO P RS RENGeR ST RAPEHLCEINSREM o) or resol ution of the first data
set while maintaining the sane, spat,al solurion. 32. An apparatus
2ccordi ng to dPai MPPPPHALS BRARe PRBLY THECHI MEdPULTFVE! y ad sts ¢ he
first data set f ordeferouedfonte filstedatasettheimts af qaredieieisand ¢t n%dfdightestpixels;
oriemation. 33. %dﬁ?t@o‘tﬂr eslr%tragt]aggt't?gdua?et f’/.%frdéxe&%'{xei@ééﬁ‘é' ding a Bayer

image;, 20 a printer’ el'ectively 'providing a printed I mage; and an

appar at us accor di giusts thei fisst gate petite pqyatectae O%rvg"ﬁhltfét%%r i mage and providi ng
the printer with the third data set such that the printed inmage is
produced. 25 29. An apparatus according to claim 17 wherein the input means adjusts the first data set

to provide a predetermined white balance.

30. An apparatus according to claim 17 wherein the input means adjusts the first data set

to provide a predetermined range expansion.

15 31. An apparatus according to claim 29 or claim 30 wherein the input means increases the
color resolution of the first data set while maintaining the same spatial resolution.
32. An apparatus according to claim 17 wherein the input means selectively adjusts the
first data set for providing the image in a predetermined rotational orientation.
33. A cameraincluding:
a CCD array for providing a Bayer image;
20 a printer for selectively providing'a printed image; and

an apparatus according to claim 17 for receiving the Bayer image and providing the

printer with the third data set such that the printed image is produced.

25



