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second da®a set | fetreacs ey ey hed, 1o So-pedinghepplications; Sipiming cjfiofy - fom, Aust
resol ution; Pevidiod Patdnt rApplicationt humbebr (RQ289G; atatedv ¢ | Septembero 1989p Theterpeading he
predet er m ng Iibétiblbsgiégéﬁgéj@‘atédmhlﬁ dridinetholHor ivplefentnb e Cofmpiict Sinft dysBf, Tié VO

01/ 20549 PCT/ AU00/ 01075 ) L
. co-pending applications, filed simultaneously to the present application, are as follows:
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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 bii-|evel dot
resolution. In other enbodinments, however, the first resolution i$ greater
than the Rye@pIRseM ned bi-level dot resolution. In stibbbrfAthdhess
enbodi ment the tfirst resolution is |less than the predeterm ned bi-Ilevel dot
resolution. Preferably also, the first data set is in are red, green and
blue (RGB) format and the printer is _gesponsive to a cyan, nmaegenta and
yellow (CWY) faormat, and the nmethod Includes the additional step of
converting t he Prafratly. thefist sesplution spatches fepredgiemmined bilevel dehvesolfien, in other
pr ef er r e @mbadiments)koweedr/thelfirstnesolutibhds graaterdbapheqiredsteaminetbi-leve! téteesplationnid dat a
set. Al | A . ; .shar peni ng
tsﬁlggtﬁmgnl ésfﬁei{ognmgtrnlgﬁ ﬁ{g?@?w{l ﬁgés%' thar ke gﬁdeﬂ&rﬁlfn@& 5|3é¢el%ﬁ'gsog{ymf

the first Irst data set 1s obtain rom a

dat s set for pomraiassRheRldhl Sl R dre i gred NS (RCRYRRRR Bid ibpriaPis, | St
Sten of EBTSNRA MR, eHETA TG olow [GUVL Agh AE fetied el b adiegst sien

pl ural pt wf ehvexting i third dpth e froro 28 REB formatite 3 CMY fopmatbi t  sanpl es, where x > .
Even nore preferably, x = 10 and y = 8. 10 Preferably al so, the nethod

i ncl udes the sirep podferretl doraw the imeihod Hecludes the stept of sbarpeningt the gegond dalacseb, a
green pl af@nativdly, heltlethdd REIRS the lpRefetrel? 6185 6¥shapening Hidlfirst &ita sBBt hod | ncl udes t he
further steps of. determning for the first data set the nt6of darkest

pi xel s and t he prfiéradly, the first dehdet Blob@ins®irem a sedpridelice ghdltieeméthddsihcdas meset t o

equate t oo of ' g!f‘ﬁg | ' ' L to
equat e tEép e ?'8??%€ﬁ§§?wgéxe sr."g‘gﬁ?% @Pgﬂjltﬂé%%sﬁgeﬁep{é NI)OJE? p?Jqu dgg a?he

addi t i on&f cogpensating inglydescpnvaging the first datasetfrom.2 Rlysplity b x bit Plee tod PIYRIlYREY er i ned
whi t e babibsuhiplesMhe x> ye Edhaiore/preferbbly, Xsi10and y #8] udes t he addi tional step of
adj usttbng the first data set 'to provide a predeterm ned range expansion.
Even nore pr ef erefdpdbly.alsb)tie nehaincludestheistepd plararising the first dath setintea ed planes

i ncr eased gil), L,gndégaahggggpgm the sanme spatial resolution. In a preferred

form the first ta set 1s selectively adjusted for providing the |Inage in.

a 20 predet er i d}Réterfealiciin] tReMbthéd ihdhidbsihé Riker Si8ssut:di Ng t 0o a second aspect of
the invention there is provided an apparatus for providing an image for
printing at a pétedmingfertadict dita deehe mygiardarkesgitelstandthe whiot the tghteseseBNAS t0 a .
predeterm ned continuous tone resolution, the apparatus including: input.
means for recehdjustiog the firstidath setad equste theinndd bidatkest pixedd; atdhe | mage, the data set
being,.n a Bayer format of a first resolution; 25 sanpling neans for

converli ng t headjustisg thelfirstslate a¢t to eguate theoaf lightedtpivelsset of t he predet erm ned
conti nuous tone resolution; WO 01/20549 PCT/ AU00O/ 01075 -3 processing means
f or convert i ngPrefasablycthe methettingudeethe pdgitignal steppfiadiusyng the Brstdajgrset tp grovide 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 biHevel dot resolution which corresponds to a predetermined
continuous tone resolution, the apparatus inoludirig:

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
avai‘lable"to a printer for printing at the predeterm ned bi-I|evel dot

resol ution. o afar@bly, the“first resolution matches the pedtioehayed

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 less than the predetermn ned bi-Ievel dot
resolution. Preferably also, the first data set is In a red, green and bl ue
(RGB) format andPrPRSsing imees fqr sconveding fAe jspePnd data set5fpto ﬂéﬁ‘@’n?é" &5H 9 &9 ow
(CWY)  f or npredetartne@bifeveludt Bsctie ahd1g neans converting the third data set
froman R&B format to a CMY format. Preferably al so, the apparatus sharpens
t he second data meking the thirdl Hata set aiiidblertord printeo foe printing at Y préveteamipad bidevel dot
sharpens the fi st data set. In a preferred form the first data set Is

obt ai ned from a sensor device and the input neans conpensates the first
data set for nonplfpfs ithd Gfst! Rediltion SRS #8Y brefeterMREd BRIeRdl CHAL tekolutioh

conpensa% ion for non-I'itnearities includes converti ng_ t Qg first data set
froma pl uflamatiyely, the,firgt; resolution is greater than e predetormiped, bi-igvef, ot resoflion, dn ofgrs o
> y. Even embaliment] igwairr)the ficst reblution s lgssthad thefpradetemailEd\pj-levehdot resglutionreans

pl anarises the first data set into a red plane, a green plane and a bl ue
pl ane. 15 More pPefesbhizisp, the firet dataset is inceoned,. green aed blue(RSB) ormat ard the printer igat a

set the nY%dafondidd 6@ anPinidih® a ISP &MV FoRthat! wH Rl prﬁeb’éﬂg_ﬁﬁean@%ﬁﬁr\?ﬁé‘e
f t dat t .t t 0 kest | s; d ts th t
ata set DRt oA Rgh g mib‘??%'ﬂgg"ﬁia S Inapreferred form the

. i ke ) | ! whi
bl ance. Nor o pr Eielramse: G ApeiralEerafbont fo icHd € o, RIS drfiolinBihoublir " * ©

provi deig [heepraratyseharpens thefrpbdatasgbansi on. Even nore preferably, the | nput
means | ncreases the color resolution of the first data set while

mai ntai ni ng t he Ohprefesediorn, the fitstdaty et is obisingd from g sensor deice g, the ipRut means
sel ecti vel yompansatissthe Ifiestf datas setdfat aorskrieardties iprtieey sehsorgddvice. Momgpreferably, the

predet er I péigheh i forio el tlck SbverRis o g%{]aggak&;gm{;mgcr%wm%pg{es fohe

I nvention, there Is provi a canera I n array

provi di ng &Psalispfy bitsgmplesypfigsa x 2 pSven mere PR 00 4dY=A-4 printer for
sel ectively providing a printed I nmage; and an apparatus, as descrjbed above
for receiving thg'ﬁyrmgﬂﬁﬁ@eﬁd"aﬁgrﬁﬁ @Fﬁ'ﬁ“{aﬁ?eﬁ?t? ﬂ[egrp'aﬂf'taﬁree" plane and a

blue plane.
15

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
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.

20

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 Inventidn wi Il
now be desg by way of exanple only, with referen ol I owi ng
descri ption gﬁ fzgl gures. Fig. | shows a high | evel magg’%ﬁ‘@\‘/'\é/@&{ he 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 Menm et printhead. Fig. 5 shows the arrangement of segments In a
4-inch print he(?cP""‘F’if@fse'B"‘@mV“i‘mP&'ﬂ dimpe®dM of nozzles In a pod,
nunbered by fixing order Fi 7 shows the arrangement of nozzles in a
pod, numbered )2 R?ﬁfﬂsﬁgdﬁFQPanvaP{fec%w@my%{‘WPB'PﬁﬂSQYdF'"Qi'!F PaRIEr WY shows
a podgr o thirdidaty. setistictsthal e peintgdimagess progucedsi g. 11 shows the rel ati onship
bet ween segnents, firegroups, phasegroups, podgroups and chronopods. Fig.
12 shows AEnabl e and BEnabl e puI se profiles during the printing of an odd
and even dot. 20 Fig. 13 dmﬁ@bm print formats based on
the CFA Image. Fig. 14 shovvs a bl ock di agramo he i mge capture chai n.
Fig. 15 shows tPreferced embagimentstof the inpentien wil mwlaqsspyitad. Brwaypiexamplgionly, witki g. 16

shows t h@eféret@dd the Rildwing dBscARIBs &nd Fidutes. 17 shows the planarize RG process.
25 Fig. 18 shows a block diagramof the imge print chain. W 01/20549

PCT/ AUO0/ 01075 Figk showd @higihlevibimagemdf e®gPor range for a single col or
pl ane. Fig. 20 shows the steps involved In white bal ance and range

expansi on. Fi gFig22 sieivoablodk dizigamiof the RGP dnisaldtiormppar at us capabl e of performng -

whi te bal ance and range expansion. Fig. 22 shows the various col or plane

pi xel's in r el affigohshows Tpigckrdiagramef the RCP ceringetedt@ Perteamchardwareef f ect of rot ati ng

the green plane by 45 degrees. Fig. 24 shows the di stance between rot ated
pi xel 90f or t he Figr &ehewpp 4riveh Memigt priptheadhows t he process of mappi ng novenent

i n unrotated CFA space to rotated CFA space. Fig. 26 shows a bl ock di agram

of the shar pe n tgr 3 shows the argpgement of segments in a 4-inch printhead.

Fig. 6 shows the amrangement of nles ina 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 phasegrt'aup.

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 pixel# in 2 Bayer CFA 2G mosaic.
Fié. 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. 27 shows the process involved in high-pass filtering a single

| um-nance” pixel with a 3 x 3 kernel. Fig. 28 shows the transformation in
conver si on i to CW. Fig. 29 shows conversion fropchRagesemesVY 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 half-toning
process. Fig. 32 shows the process of reformatting dots for the printer.
Fig. 33 shows a bl ock diagram of the ima%e capture unit. Fig. 35 shows a
bl ock di agr am of FigH\@ showifsample galer rnge for asinplg colef@lane, s 5 bl ock di agr am of

t he i mage hi stogram unit. am of the printed

_ _ 20 Fi 8 grfY sh%@ a bl ock dia s _

interface. Fig. B8 2hous thestensinypived s whife haiange and, mngs. “Mterface. Fig. 39
h th | f A | d.BE | j dths.. . Fi.q. 40, sh

Bl'ock i 'agram of PR SOMATNE gReamer poapbs sl f petordcyye beihce g BRg T 0

gener at or empetsion25 Fig. 42 shows a bl ock diagram of the print generator
unit. Fig. 43 shows a bl ock diagram of the test pattern access unit. WO
01/ 20549, PCT /| AUOBib(RRGhews thevapipug colauplank pixels i relation ko GRiAdgsolionsf - Buf f er 5.

Fig. 45 Shows a bl ock diagram of Buffer 4. Fig. 46 shows a bl ock di agram of
t he Upi nt er pol at Eig- 3Ashewsihrefiget@f riating thegresnyrigne § 45 degregs: 47 shows how to map

.froma standard dither cell and a staggered dither cell. 5 Fig. 48 shows a

bl ock di agr am of Fig{f4 sheyrtas qistaaegbetye tad pjyelsfanthe green plane. shows a bl ock

di agram of Buffer 2. Fig. 50 sho a’g_'asic hi gh- pass i al H[IPttaer ing a
3 %03 Kernel - PG 25:shos, g, aons h ERRTIAITVERP o (e, (P aircs 1y Plteg A 53
shows the sgaceict ure 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 the CbHa:2§ishewsghlack diggrgm obiie shetper proeass.or der of pi xel s gener at ed
fromthe receptor. Fig. 56 shows novenent in x or y in rotated and .
unrot at ed space. Figf7ghovsthenmersss ipyelvedin hioh-gass fiteripg o pingle lumipangg pglwith a3 xgr een
sub-bufferkerddn Fig. 58 shows the relationship between green entries
dependent on rotation. Fig. 59 shows 4 x 4 sanpling of the green channel.
Fi.g. 60 shows 4 FRig48ghews thesteanpformationtity quveksion from RGB to CMY.
Fig. 29 shows conversion from RGB to CMY by trilinear interpolation.
Fig. 30 shows pixel replication of a single pixel to a § x 5 block.
15 Fig. 31 shows a block diagram of the half-foning 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 Memjet 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 pattem access unit.



Fig. 61 shows 4 x 4 green sanpling type 2. Fig. 62 shows the tw types of
row addressing for green. 20 Fig. 63 shows the addressing of entriés in-
buffer 1' Sw{)ﬁﬁ d blue sub-buffers. Fig. 64 shows thel,?j”&%m'll&ssanpl es
read for ca cufa ing first pixel. Fig. 65 shows the overlapping worst case
4 x 4 reading fromblue and red buffers. Fig. 66 shows a bl ock di agram of
the rotate, white bal ance and range expansion unit. Fig. 67 shows the
active inmage area within the generated coordi nate space. 25 WD 01120549
PCT/ AU00101075 Fig. 44 shqwsa gy diegramyof Byfier S5Cp 1. 1 HI GH LEVEL FUNCTI ONAL

OVERVI EW The Printcam Central Processor (PCP) possesses all the processing
power for a PriFigt45aewsaock diagramof Byferd- | y desi gned to be used in the

Printcamdigital still camera s s}e The PCP. 3 con %s to an | mage
sensor | (for F%ﬁéhe%ﬁﬂ%fsawa 8‘5%???’8?'3‘5H3WP%?3’§ FmﬁtPfa_&'és'pri ntout. In
transl ator of  FReHABor B e am s TR ANEE e S e AN our e 1:  The

| mage Sensor 1._js,.d CI\/D% i e _Senso ' ures ,a 1500 x 1000 RGB

i mage. ° The | mags*eSEREs '?cg%@ﬁrgmfﬂﬁﬁédq%‘ﬁégﬁm%?msfhe Priinthead 2 is a 4
inch | ong 1600dpi L& i e of printing in three colors:

cyan, magenta gﬁﬁﬁ%o%'&%ﬁgﬁﬁioﬁéﬁg’?d is the i mage out put device. The
PCP 3 takes anFjgrmﬁo\;sr%,Ep h-hd1B OfaustRR? Bdingla 3 P& R Ses . it, and sends the

final form 10 of the Image to the Printhead 2 for printing. Since the

| mge Sensor IF@pgqtsugﬁssag,&gagﬁa,aaqhe&g@eﬂ,imnt head 2 prints in CW, the PCP
3 nust translate fromthe RGB col or space to the CM col or space. The PCP

3 contains al | Fgfszishéws tRektuttareerduiied10r the internedi ate | mage pro- cessing,
i ncl udi ng white bal ance, color correction and ganut mappi ng, inage

shar pemi ng, aFid. $33héws eBlock diagram ofthsiRdsamaple arnd Gredté Fundnanca Chaonetprbdess. user
interface and entire print process, providing support for a variety of

- image fornats. Fighid sRES dblack diegrem of the CanvelvetUnitf aces to all ow export and
I'mport of photos, conplying with the DPOF (Digital Print O der Format) -
standard. 15 FigX5ehaure theropitir of pispisRpRratad\icmneogepton PCP 3 i s designed to be -
fabricated using a 0.25 mcron CMOS process, with approximately 10 mllion
transi stors, aFigo$tshews movemenkigixory iaratated and ynrglated Racer static RAM Thi s

| eads to an estimated area of 16mmR. The estinmated manufacturing cost Is.

$4 in the year Figgyshows e Jadressiof patrieg in Bullert's areanpusbifier. gt f or war d desi gn, and
Dol DTN ST R e
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. 87 shows the active image area within the generated coordinate space.



20 A low speed CPU mcrocontroller core 10 1.5 MBytes of mnulti-|evel

Fl ash nenory (2-bits per cell) 11 A CMOS Image Sensor Interface 98 Inside
an | mage Cagidigirasdei t 12. 16 KByte Flash menory for progcajamienege 13 4
KByt e RAM for program variable storage 14 The PCP 3 is intended to run at a
dock speed of approximately 100 MHz on 3V externally and 1.5V internally
to mnimze power consunption. The actual_operating frequency will be an
integer 25 multiple of the Printhead operating frequency. The CPU 10 is
intended t8 be OVFR¥IEWQFIHERCRt rol | er WO 01/20549 PCT/ AUOO/ 01075 -8
style CPU, running at about 1 MHz. Both the CPU 10 and CMOS sensor
interface 14 canﬂﬁﬂmmﬂﬂpﬂ)ﬁ!ﬂ‘%res Figure 2 shows a bl ock diagram
of the PCP 3-in isolation. The PCP 3 is designed for use in Printcam
systens. Fi gure 3IhesPrinipam:LCeapiral ProcessatPSR) eassasirs all terracesipgROVESEr 3 Britgal [ est

of the Pri ghdiaspetificaily@isignedio Be k¥l W EdPNtcEN QigtaRENsbindrl ystint Thie PGP 3 connects
:SI'EZCI ];)Ir ::al LI angvﬁ%e%er?sgr ‘F @or?rg%%gﬁturgpar?d &A%éng&'}wété% %a%éjmnﬁgt H'ﬂjﬂ& Hﬁﬂgﬁz
printed |£lrra@€e99m. e RCRapiba dhought 19&33 beingdre t@ﬂ%‘?"éﬁﬂ"agﬁﬁm capyire ¥ PEPtPY R on
as it noveghdwasiFigder:pri nthead 2, as shown in Fi gure 4. 2.1 COWPCSI TI ON COF

4- 1 NCH PRI NTHEAD_10, Eac c t head cansi s [ each
segnent 1/ 5 an i me/mage ?%'ff@fﬂ aé&ét#]mage f%sor‘svse]'g%ecﬁ?taregyprl n@iswg‘tsé fma\9°
cyan, magenta andheigagevendetistheinage pudevicer ent part of the page to produce
the final lsmage. nldpmimadioss meif. Ioh@%@ﬁﬂﬂﬁﬁfeﬁprﬁfe?c@ﬁﬂ%fﬂrﬁhrﬁ'uﬂﬂfe@ cSlors:Si nce
the printhead 2 prints otsd aji @h 9\9 &gh do':w}p FZﬁ 5S5min dianeter, and
spaced 15. 875m SfrTe0eRiA aad yelly, ThePanthepd i #98¥t%s 800 dots, with
the 8 segnents cohe RCHDtakies ey image froodhe htagﬂsSensdfabbreeessesm ﬂwlsemdsaydin@d@rm

Addr esseal by . Eacbnggﬂﬂg% elp‘i.nﬁwm prﬂ.rrgSésn&q&e hridgé sd% &pﬂreZ%%ealaaﬁpo

1,599 2 1,600 Zih?; Printhead 2 ;%’I?‘Ig in Cl%ﬂ%gthe PC 32n(1)u%t tranglgtge from thé Qgg oolbr spaoe 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 imponrt of photos, complying with the DPOF {Digital Print Order Format) standard.

' 42 HicnLevEL INTERNAL OVERVIEW
The PCP 3 is deslgned to be fabricated using a 0. 25 micron CMOS process, with
approxlmately 410 million transistors, almost half of which are flash memory or static RAM This leads to
an estimated area of 16mm?. The estimated manufactunng cost is $4 in the year 2001 The PCP 3isa
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/microcontrolier core 10
. 1.5 MBytes of multiHevel Flash memory (2-bits per cell) 11
.. A CMOS Image Sensor In_terfac_e 98 inside an Image Capture Unit 12
. 16 KByte Flash memory for program storage 13
» ‘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 extemally
and 1.5V internally fo minimize power consumption. The actual operating frequency will be an integer
26 '

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



20 6 4,800 5,599 7 5,600 6,399 Although each segnent 21 produces 800 dots
of the fi nal 1 nmage, each dot is represented by a conbination of bi-level"
cyan, %ﬁ) yel l ow i nk. Because the printing Is FT)A% the I nput

| mage shoul e dithered or error-diffused for best resu segnent
21 then contains 2400 nozzl es: 800 each of cyan, magenta, and yeI | ow. A
four-inch printhead 2 contains 8 suchsesegments 21 for a total of 19, 200
nozzl es. 25 WO 01/20549 PCT/ AUOO/ 0107 9 2.1.1 G ouping of Nozzles Wthin
a Segnent““ﬁﬁ?”mﬂ’!‘ﬂ'!‘%%‘ about 1iMHz: Both, theGRY) 10 a8d GO senspr iy 1 GPRBe YeBdorr easons
of physi cepplieddotes] ity as well as mnimzation of power consunption during
printing. In terns of physical stability, a total of 10 nozzles share the
same i nk reser VFigure.2 showstacbiotk diagram ofthe PCROJBUSojationon, gr oupi ngs are nade to -
enable a |ow speed and a high-speed printing node. 5 The printhead 2
supports two piThePCR3 issiesigbd fdr osedih Pivicari dybtems Figure3cbawgmblenk diaganiaf hef s t o

be - nad@cprgcqh,fe&g&ﬁrg{e,gtngmm%,gm,@t ions. In the | ow speed printing
node, 26 nozzles 22 are fired simultaneously fromeach 4-inch printhead 2.

The fiTeg nozzbﬁﬁ{rﬂw ?A@RG I ly distant, so 12 nozzles 22 are fired

fromeach segnen Ire a 200 nozzles, 200 different sets of 96

nozzles nmust b %5‘% §Re 22 are
fired sinul tangg;ub?lgg %Qdﬁgéﬁﬁgﬂ&{a%%ﬁ& 1 ?PF#%&%WB%Q | re((;j nozzl es 22
shoul d. b&rintaeed A iappegividth ofinterproysing %%"“9?‘@"'? printed imagg withouthavingtebsent . To
fire all nbSed2DSleaip@EapkcD.is grinfed dn &4 ibneves pastthe printhedd2) asshowh dFigmest. be fired..
The power consunption in the | owspeed node Is half that of the high-speed
node. Not2dl hoGoNrROS/TIGN QR 4-INGE PRINFMEAP consuned to print a |ine, and hence a
page, is the sanme in both cases. In a scenario such as a battery powered
Printaam the [Eechekinchprinthead Riconsists@fj8isagmemsiteach sdgroantl/2an ineh inlergtny Eadtheli- speed
printing mels‘é rhents 2t ﬂnnécb.m@ﬁsma@ﬁﬁ dhd Fy’aréw#hosldw £ diléeht part B1ORS baleto Of 10

es 22 are 1n- one row

| 22
T R T s S SE n SeR PO o y 22 o

di aneter spac 0 .
single pod, w tgﬁ'c? e%ﬁ"#zzﬁzgﬁ?ﬂg%t%ﬂtnggg%%g%c%ﬁ]g 5;1?% @%e ot %n V\/m ch
they must15.5%nmiapary Thyy qapihalftinch jseomany Brints$09 dots, with ﬁe menty ‘F?F’SSPB'F"(']E@ t he
rel ati ongbdigen®df nozzles 22 and physical 20 placenent of dots on the

printed page is different. The nozzles 22 fromone row represent the even
dot s féom one | i neTable 1t Fipal jmage Dots-Addréssediby/Each Seamenthe ot her row represent

e o o T BT {05 b A o o B b 007 7 Sove (e sare

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 I 4,800 5,509
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 resuits.

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



the order in which they nust be | oaded. The nozzles 22 within a pod 23 are
therefore"logically separated by the wwdth of I dot. The exact distance

bet ween thevﬁlﬁmﬂ% 22 wi |l ‘depend on the properties of therMimheiozdi ri ng
mechani sm e printhead 2 is designed with staggered nozzl es designed to
match the flow of paper 20. 25 WO 01/20549 PCT/ AU0O0/ 01075 -10- 2.1.1.2 3
Pods Make a Chromapod One pod 23 of eachgcolor (cyan, nagenta, and yellow)

are grouped into_a chro od 24. A _chromapod 24 represents different col or
conponent s2d4f! th‘é’°§aﬁﬂ°ﬂ§$‘f"£6mt51“s¥9m8f'p?0 dots, on different |lines. The

t dist bet dif f. t col 23 d d Menj et
operating. par andtepeses oA S PR At RRRPLD: HRRD A Pt BPBY = The
di st ance i weltasypinithization of povire censmption duringtprintingJe termas ofhbysical sabfiity, a dakal ofrifs t
therefore Rg s thé'bdtreaRGR4ERoir W' @R 6t pBirér BShsurhptdn, Griupingstiré Mhdito BNabie e

cyan nozzles wl| be for different. lines than those printed by the nagenta
or yel | ow loWFPe9dand a-igh-spref pNtingMadeq o t hm nust al l ow for a vari abl e

di stance; up to abput d wi di hs bet ween ol or see Taghl e or.. oI e '
details)° Figur eq’ge?""ﬁ'ﬁ@ﬁﬂ{pgﬁsg""s 'ﬁ ges‘pﬁ?ﬂ;g"n%{'ﬁ%améﬁ& . Pﬁ".’%%gé%ﬁ%%epods
make a Podgwedaip differentpmdugt cenfiguations.e or gani zed i nto a singl e podgroup 25.
Since each chromapod contains 30 nozzles 22, each podgroup contains 150
nozzl es 22: 50 .cinuthe losespagdprrinting, meded96;nozgles 29 drefised Siraultaneoysly from eaghr4iinghe ment
i s shown i printrie@itl 26 TR firdd héizI6d) SiRUIARCRaXEND @istaflt, 6o 42 nbkales 22 land firéd frorflieathance
bet ween ad&%g%%ﬂir&é}&&l*?%ﬂﬁo ?@Mﬁgﬁgoﬁc&éoﬁlaghh&%eﬂ%d.l' 1A 2 Podgr oups
podgroups In

make a PhaSegroup are organi ze 0 a single phasegroup 26.

- The phasegroup 2§ 4 ), Q?mﬂag. u . i thin 2
phasegroup are f?‘r%%ih' Iip?ru tang%&tj@ % g%rﬁ”rl}é:ﬁg%ﬁe'ﬁ@%ﬁﬁﬁe&g%g%@%& ﬂlngsh S

Irin t
expl arnal’ PineR 2- fon P narelpb 7g shovidcber mRXRNIY SRiaBh = 26 Rer2ien R o4 Foffeach
podgr oups g2égmeat. Toire 819,200 hézzles 100 diferg setoef192 ndzzibomust pefired. and hi gh- speed
printing via 2 PodgroupEnable lines. .During | ow speed printing, only one
of the two Podgr Shepeowebtansimptioninithe lowtspéad rapdgils/kalf that of the) higivsrieed modey Notel v

~ 0ne podgr OHeRkr, thbind aargh bdnSSinddQs Bine line bHd Halce'd pafle, BRIREAMBI Holn daSes. DOT N
Podgr oupEnable lines are set, so both podgroups tire nozzles. Consequently

a | ow speed. pri it a bithaifo sudh 68a BsttenPpaversd RintchinJiie HEVGR Gorilinption réquitéifentshe
hi,gh-speeddﬁr’%ﬁgefiergﬁs tvgi &8s many nozzl es at once. Figure 10 Il lustrates
the conpositT of® %‘H%%S‘i%‘dﬁs . The distance between adjacent 20
podg_roug% ?ag_e‘xam@gﬂggﬂaﬁoqpﬁ arity. 2.1.1.5 2 Phasegroups nake a

Firegro phasegroups (PhasegroupA and PhasegroupB) are organi zed into
a si'ngl e (regrouR sindié pod'dd dindlstd 169621602 gr&raﬁf&&mmarmmmaﬁ@rm 284relr €

so named because th al] fiye the sa nozzl es. 27 si.mul ously. Two

Snaby 6. | i nBLOne Ko 208 5 o, 1) Bty FaEh N 7R AITHCTS IS ATP BB 250 I dameter
spaced on a 15.875um grid. Figure 6 shows the amrangement 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 slaggered nozzles designed to match the flow of paper 20.

25



nozzl es and PhasegroupB nozzl es independently as different firing phases.
The arrangenent is shown in Figure 11. The di stance between adj acent )

groupi ngs wé of¥Rgoerated for clarity. 25 WO 01/ 20549 PCpepletd/idd’5 -11
2.1.1.6 Nozzle Gouping Summary Table 2 is a summary of the nozzle

groupings in a printhead. Table 2. Nozzle Goupings for a single 4-inch
print head Repl ication Nozzle Nane of_sg.ouping Conposition Ratio Count 5
Nozzle 2 n|t %!ﬁlﬁ'i" Pod 23 Nozzles per pod 10:1 10 Chronmapod 24
Pods per 8%% mAP°dpodgr oup 25 Chr omapods per podgroup 5:1 150

Phasegr ou 26 P aseqrou Flre 7 Pha Loups

per f |gr eglrooup ?Of%%%%%%gﬁ%ﬁq qﬁ*’?’@@?b‘%ﬁfﬁ""ﬁé?@é‘a ﬂ% Ay Pnch

pri nt headh2mgpayi24 repeesents differenticolor pomnaneniscofithe sameliwrizzotl sel@f 1Qd¢85 lo@AerdMD PRI NT

g:/CEtES q@ é.;ﬁ%ngheoelsladé gfstaﬂg bé\tvbaadaﬁ&eaoaatoalpa& 83 ld8enlis Oh :ﬂ&m%%é: ara& ef\ g g ﬁt A
i i nvol v

on ¢ he. | RPPAE: B ey ‘B8 g ecentot dBor ot e B Chfid 3 o of

t he pr i nichrstant numbier ofdot-widthawr andtrust thewsforrebeptakent ipg agepuntghenipeintingbithe gfatsnt

Print Q/(aﬁme&eme '&%Zdo&l%QM*"B@ f@%ﬂﬁ&qﬁéﬂh&dmm&&'&?m&n ehtatoh Fhllow

det er m nes Ie W r he, Prj de. The
Noz! o En BT e s B st G o 5 r¥lele s i o ool b 35t hpyaep

regi st er solofscege Takle %/folmQet%llstlBUfsﬁﬂ*ﬂWegFimlemowd 2%egnent ( one per
color), each 800 long. As bits are -shifted into the shift register for a
gi ven coldr? ?h@?"'&f‘\épﬁﬂsr’%’(!‘?é(?#w&'he | ower and upper nozzles on -alternate -

pul ses. Intern 800- dee hlft regis S C ri sed
400- deep shi ft%l"héﬁng‘{"%g“amﬁrﬁ%mﬁe ﬁﬁg‘?’" észhggeeagﬁ °$‘5’i"£al"ﬁe | ower
nozzl es. 3Minbazies a2, @adbippdgroupgontfing t@@ozzmaz 1P evan| G0avaganta and 50 yallevahozrlegyi st ers. -

As faf0agpg Bﬁafg&ﬁu&i’t rfsa&howh rﬁ ¢rgt.racsé vhtﬁ eﬁeﬁ.s.waa AGmBLAREYR! Noth Rk @hel distancal Nl €
800 deep,shift |st shift registers have been fully

e

| oaded ( Qﬁtﬁ’e?'baﬂi'c??ufhg’e'?f"dsﬁ Txa%qeri’%@ 8H&§ are transferred in parallel to
the appropriatsp g W %1 Pﬁ This equates to a single parallel
t ransfer “of &Pt ransf er has taken pl ace, the Print
Cycle can begi By, Jifb%pﬁda?éo ﬂi%‘isfnper F%Eﬁﬁissonamed
si mul tan ousl as |.on g ap<3}1ralle ?. aII sJ\lo J, bits occurs
at the e amus groups of no. 3 within a phasegroup are fire smultaneou during a gwen iring phase -

(this is explained in more detail below). The formation of a phasegro_up from 2 podgroups 25 is entlrely

15 for the purposes of low-speed and high-speed printing via 2 PodgroﬁpEnable lines.
_During low-speed printing, only one of the two PMgmuthame 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 rnany nozzles at once.

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

2 podgroups is exaggerated for clarity.

2145 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 independentiy as different firing 'p'has"es. The arrangement is shown
in Figure 11. The distance between adjacent groupings is exaggerated for clarity.
25 '



of the Print Cycle. 2.2.1 Load Cycle 25 The Load Cycle is concerned with
| oading the printhead's shift registers with the next Print Cycle's

Nozzl| eEnabl QV(FJ)I%%S”VD 01/ 20549 PCT/ AUOO/ 01075 -12 Each segngdeodiorhas 3
inputs directly related to the cyan, nmagenta, and yellow shift registers.
These inputs are called CDataln, Mbataln and YDataln. Since there are 8
segnents, there are a total of 24 col orqqi_nput lines per 4-inch printhead.
A single pul se on the SRClock |ine (shared betvveen all B segnents)

transfers #fld: 624"%‘[‘56’?%"69?‘?7%’"%pr opr| ate shift 'registers. Alternate

pul ses transfer b|t nozzl es respectively. Since

there are 19, 200 AYS %sé'ss"mgarﬁ'b’ftﬁe eg'BU‘R Lﬂ%%""g' §é required for the

transfer. Once all 1gpeODnbirle'erd ﬁa‘aﬁgfﬂ.@aaﬁ.wp[rﬁﬁmﬁ single pulse on the
o a tranctor of  d

5 shared PTra gaf-a—Formthe shift
registers to tjhhe appropri at Nozzl eEnabl e bits.| Hepligatios| | el Nazzlensfler vi a
a pul se on PTrlaNameef Grawping ake pl Lompesitien t he Hri nRati®cl| e| haSoumti ni|shed.

O herw sg the |NeezleeEnabl e bBasedndr the |ine beijng ptAnted will be1

i ncorrect. Si —B§|e§]3e,a¢roe roaded wifth asos ngl'e SRCT 0qk |pul se,

any printing t—p S T tjteCRRT ect| Sequerggy|f or the
printhead. As Ghromapot 28 P8&§LhﬁchMV hioptd tHHse W§I1 + trans?g' t he
OMY bits for tlhO%aRYR 2%, | Eﬁwmamsn?ﬁpmw%n 16005124000 3200 194 00,
4800, and 5600| PhERegraup@Bnd SRRYBURS PREPEIBSGIPYA ¢ rlans & t hel OMY bi¥8 [for the
next Print Cyc| Btegrodm27 1, 8() Phasé@oOups peefddgroup3201, 40&1. 48D1 and @96(1.
After 800 SRC OSegmighti 23 €S, t h @iregidupsiser eégnjert Se cgn be4gi ven| |t i2s00port ant

to note that t EEHmRERE 2V T Bebrihper ARG prinfead1qUINT B I NTE[ TUT{g@] he sane
Print Cycl e de—rot—appear—on—the—same—phystcat—output—+Hne—Fhe—physi cal

separ at iton od ?6% les within the printhead, as well as
separati onzbet vvegnwng"zdzawggrg |§fferent col ors ensures that they w I I

produce dots o0 gl L1eii ohhiES onEs BEFH1950) gkl 21 Minclitd B

"be accounted for \%hen I"o rinthea act uaI

di f f er ence fifing quPl@sa“d'éﬁ!?&?‘FdE’Z%ﬂT ‘?ﬁﬂ&""@ﬂaﬂ"é’& ’EfPT"?E“i"btg be finted.A LP?ﬂ(?-‘@{" IBMABRNi sm
used in t hehepdading Deefdhe phneaivith thedniarmation dobdyeinde Hiring the lsybsequentEninetycl®, and
D. where D, is the distance between nozzles of different colors, and D2 is
t he di stance bet Gegnnazzle 22 bas ai assbiisteds MomzieEoaide bit habietenBineshehather lbenatdhes
transt err egod R wiffEBtting thePrinfryle! THeNiRHoeNaLIE B (B.l.er so ez} dré ﬁsaeawoé Sot 3

O der of Dots Transferred to a 44nch Printhead Pul se Dot” Yel |l ow Li ne
Magent a '2i SUREPEES ne 20 1 800Sa N N+Dlb N+2D1 2 8oos+1 N+D2c N#+D, +D2

N+20 1+D2 3 8oostggimllyl\EeDr% aw 32 slggn regAiste8rsO g35r+s§gnl}|;ﬁP?one per’ ool% each QJOTong As bits are

shifted into the shift register for a given color they are directed to the lower and upper nozzles on

alternate pulses. Internally, each 800-deep shift register is comprised of 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 NozzieEnable 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.



a. S = segnent nunber (0-7) b. D, = nunber of l|ines between the nozzles of
one color and the next (likely = 4-8) «c¢. D2 = nunber of |ines between two
rows of n t he sone col or pikey =1) 25 And so 800

pul ses. O‘ﬁélf"g’gMQ PCT/ AU00101075 -13 Data can be doc(l%%y@ml@w{sh
printhead at a maxi numrate of 20 MHz, which wll load the entire data for
the next line in 40s. 2.2.2 Print Cycl _A 4-Inch printhead 2 contains

19, 200 nozzles 22. To fire themall at “once woul d consume too rmuch power
and be probl endi@Ft sggmepteinhasyd inpyig direqty relatedh o e Syane Magenias 2R Xejlow shift
Consequerréd.yeri VPheskiirputs gre callediCDatalr MDathtrf and YDataln. Siace thipe avé 8egrménts R and a

hi gh- h
i o o e o Sy ingit oy it ALK kikhe BMACon ' SEioPK fre Bt 2070
or 3 per bp&ee-gp'ba seamef) Fanalers tym 26 SO e FPrOpRle SN Fisislons Alomale PtRscs,
with eac hramms 1 thieilowgr dnid 2piied Adzzies respBbtively. Siripd ierecard 19,200 noxales, ladctal PESOD

t T
il o g Utk Rl f He isfirer, lca 8P 120k ol oo dalforifl fufeflle o oD |
24 from #haed Blymesfer hgeryausq_sdhe pargflet '@nﬁerz%defs@P@é?e {'%P@SE’SF" te appronsialez| es
22. f r om aopaekEnaiig bits?2 bits of PodgroupEnable lines (select 0, 1, or 2

podgroups 2.5 to fire) Wen one of the Podgr oupEnabl e lines is set, only
t he specified Ruegaraleptranskér via 2zlutse oniFTransfer mwst teke glateaffer thePrint/Cycle has

Chr omapog; aﬂ%m&wﬂeM&zﬁ%ﬁ%ﬁ%mM@rhemewp.ﬁieamﬁeE’WupEnabl e lines are

set, both of the podgroups will fire their nozzles. For the |ow speed node,
two f|[e piﬂ Se%l@é?thééﬂéh\bﬁ@ﬁ am?a&é&vﬁiﬂ@%Fn@HBhEﬂ&?&&e-ao&Qnﬁﬁ@pr@éess must q
respective ee one fire qui red,
- with Podd Pgéféﬁea ﬁe eﬂffrf% eo‘ﬁ'"tg' d%/ Sl b ng"%LHfsggR#'g"kd’ugﬁwﬁby t he

AEnablie ammM\ébnsufw@p neyRriotCyclels glot 0: 800, P60 249P512BM 4800 4389220600 p B
nozzl es fihesacond Sﬁdl&cﬁﬁﬁlﬁ#ﬂﬁudnthYB*s)foruﬂlﬁxmfﬂ Cydle's detr1980101600,2401,f i ri ng

FEleS?an(aéopé?OAE4r$§1 a0t Al Pl SR pbes PR AT vk 0 1 R ot -
o 2o v i e “’H“E“?‘%@%ﬁ@%@ o ?ﬁgﬁfgme#‘%m |

t enper at (firigt CYER-9 @t appsar ‘P'h@e mﬂm%w@%mame@hwcé' a ploddiapdeven or der.
that t he nbizies Wghif tHepeistheadtasOmatirds apparalin betwédnao2B3 of Hiffiererst calbrs 2nsuses-tsrced

Print 0/% &Le Qs épgﬁeﬁe n%%%fmag,gv?é%s %awmenémﬁ%'wmsw' hg

100 sq% hases  of |gh speed
print y(\”hgn tgq a&:mtg B\e Rnnihead The actual difference in lines depends on the characterist

of the inkiet 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 nozzies 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+DP N+2D,
2 800S+1 N+DC N+D+D, N+2D,+D,

3 800S+2 N N+D, N+2D,
4 800S+3 N+D, N+D,+D, N+20,4+D,

a. S=segment number (0-7) .
b. D, = number of lines between the nozzles of one color and the next {likely = 4-8)
¢. D, = number of lines between two rows of nozzles of the same color (likely = 1)

25 And so on for all 800 puises.



phases and 50 B phases, effectively giving 50 phases of phase A and phase
B. Figure® 12 shows the AEnabl e and BEnable lines during a typical Print
Cycle. In ayp@fmseareed print there are 50 2s cycles, whigcgydvdomor9w speed
print there are 100 2s cyclés. 25 For the high-speed printing node, the
firing order is: ChromapodSel ect 0. Nozzl eSel ect 0, PodgroupEnable 11
(Phases A and B) WO 01/20549 PCT/ AUWOO/ 04@75 -14 ChromapodSeI ect 1

Nozzl eSel ect 0, Pod nabl e ases A and r dSel

Nozzl eSel ect O, PBH&FBE% Eﬂﬁ‘ﬁi’ @tﬁ‘% 2’ '?f@g§t %"'aﬂ’a"'%)'a‘e °%¥’r '@%5’8&%3 I ??P t'?s’
Nozzl eSel eettir®datdodye vaxplifriinogs.11 ( Phases A and B) Chr omapodSel ect 4,
Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B) Chr omapodSel ect 0,
Nozzl eSel e@t2.2l. Post@yelepEnabl e 11 (Phases A and B) 5 ... ChromapodSel ect

3, Nozzl eSel ect 9. PodgroupEnable 11 (Phases A and B) Chr omapodSel ect 4,
Nozz| eSel ect 9, Paﬁgnhmﬂm&aﬁlzlcentélds(masezzlemn'dﬁrs)heﬁwlatmwm@pwmoo

printing mygde, ‘W& ',m.eﬂ{ ﬁ\g tdrins ot .m Jeﬂrana nbHe ﬂ@n@?erﬂ@%ﬁsé&ﬁeny‘ﬁvomh@

speed r’ryde Whore rou e Was , .two phases of PodgroupEnabl e =
and 10 ar e Modesare gefip algy-spﬁﬂmmdeaeﬂﬂ'mws ippedey  Nozzl eSel ect 0,

Eoggr.oupEnag:e (])-]nﬁPhw%ﬁeed/bnﬁtnﬁch)meréGrezﬁhblﬁuWWSeécﬂl t (fhad:k;'nﬁdcnsl zio&ﬁe8| { 3 0.
“Podgr oupEnabl e W&% ec zzl eSel ec

Podgr oupEnabl e %q ases o%&ﬂ% %}'mﬂ@g%gmﬁp g'ggl ect 1, Nozzl eSelect O,
Podgr oupEnabl e 10n thehighsepgedorigtziods) there gxe 189pjasesouith-aach @‘as‘?\ﬁﬁ'ﬂ [ Ropiast T"llﬁ

Podgr oupEnabl e 0%quadsiiesaozAesatisedment, or 6 phrirsginp.dSel ect 3, Nozzl eSel ect 9,
Podgr oupEnabl e 10 (Phases A and B) Chr omapodSel ect 4, Nozzl eSel ect 9,

Podgr oupEnabl e OIhéﬁﬁzaeﬁsbAﬁnamﬁﬁiveﬁﬁrmgﬁusmm&ieew 4, Nozzl eSel ect 9,
Podgr oupEngbl e 1 4 takes
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common i nk sptekaty of @larp"dﬂmllpﬁ Wil firedbein nezziesyfrar the Jpw-spped 'p%qet Wo e Aulsessare geuired,

I nterfere with hoadm;)éﬁdbieng mfamaootr&saécﬂvéwm the Wighl3pdedt Miédes OME oftDfite Pdise Is
Consequagt l'éag’ fM'm Ena noazl es within a pod should be offset from
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g m gn“;pgg gj \(M Ot” ﬁpﬁ&.{-ﬁkﬁ o?tﬁe ﬁ.@@f @g s%ivien B the AERELITBNE BERLR IhES; Wik bre the
P PhasegroupA and PhasegroupB nozﬂes 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)
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chromapod g ppsms@0ai n, totalling 10 25 x 21Ls cycles. pppaaMps Y each
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speed print mode, the time to print a line is 100us, so the time betwg'en firing a nozzle from one line to

the next matches the refill time, making the high-speed print modq acéeptable. The low-speed print

mode is slower than this, so is also acceptable. :

20 The firing of a nozzle 22 also causes acousfic 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 printl__hg mode the podgroups 25 are fired separately. Thus the & 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.



25 SenseSegSel ect pul se. The feedback sense lines are as follows: WO

01/ 20549 PCT/ AU00/ 01075 -16 Tsenseinforns the controller how hot the
printhead | $yodidassodl | OWs the controller to adj ust  tim necqiadobiierd

pul ses, since tenperature affects the viscosity of the ink. Vsenseinforns
t he control | er how much voltage |Is available to the actuator. This allows
the controller to conpensate for a flatgbattery or high vol tage source by
adj usting the pulse width. Rsenseinfornms the eqntroller of

resistivity (Chmif hehioksepesy 5?“"69 mpgR. the PRIAKRURS 2R @5 fizgd tosaier "'51"1 @9\5’ chioma-
controller to adpwimman asihgepotigdliMust all fre befbra tha fisst cheohsdpadifirescagaingtgtalling

I rrespective of ol &dgfﬁtoﬁéeqﬂe‘?uﬁy%%ﬁ X#ﬁél %Eé&q{%%rm t he con% (r)o![ I g(r%) of

the wi dth of the cr I‘'cal” part eater, vary up

d lith
adjust the  puls Me%{*%“g'?%%’?r“% 50t RSB0 R e ©

at e
Oycl . 10 TrRsorsrt Tochangy ptirlsdheppetio SUe Jip 1t apeeg g Slowy i ssargal ccls
equi | i br | ufertusegeoisté plilse toTRMpES Whe thet Hight spetEmbde’ allows 26 tésomandéyclekicThps iant ed

hot o rahh | the equilibriumtenperature nust be
Iron=3t bgf olroe ﬁ@%ﬁﬁ%@@?gﬁﬁmgﬂfﬁﬁé% accorrgl I shed via arrgreheat cycl e The
Pr eheat cyti,‘2 | \‘e v single Load Cycle to all nozzles with Is (i.
setting all %oz ﬂp fB"H re), and a nunber of shat firing pulses to each

I The d f
nozzle. The dur ag%gpeﬂ{nﬁlgkl% ,{g&kiﬁumgsfﬁnﬁmgg weﬂg%mnfz sdcfinds! dat thélffedlty DS

but enough to he out ses or ea nozzl e

15 are reqfripteam. "tﬂf‘(’ﬂ fR5int :,photagh 2 F?Pﬁqfethg 47nsh piitthead, @gstggntgﬁgot e &< 68Di nt
Cycl e. Feedtaoriliagdpitol 10900 lrs IAr2decuids yiedhaa lins tige o200 psl Ats;ngl‘e'fﬁﬂsm:le amth single

conti nues T_Eéd égu ofs Fhlist dol 4 gmwnt. E%fxln?et Wa%g-hrﬁn b Ay

anbi ent xo ration o t he eat node Is around 50 nﬁﬂ seconﬁs and
depends onmuﬁfénqvmeemerswmﬂﬁtewwbat I's performed before each print job.

This does not affect prjnter rfor nce done, whi |

data i s transfer o8 “?‘gp"f‘?‘ﬂ? p&"?ﬁf’i@?’ th 933 E'"ﬁ"g‘stfrﬁ"?’(bs WBT"@"V‘E“S?‘H@'B?%O
reduce t he eotiralineds200fusio thelleesdeed print lmgiedaﬁ;mzdes 22 fire pea fiiing pulss; dtheeeby anabling
undertakenﬂ{éepﬁ.,mn?opaﬂgphrpﬁﬂem,mh%spmgmn@zzI e is be fired a nunber of tines

i nto an absorbent sponge The cl eaning cycle involves a single Load Cycle

]E I0r ?Inl nglz zl es Wirhdigob sri:lcﬁdck suusewm g&ﬁgﬁh& 2 (aaaaz&&ﬁ pliss tﬁ.‘g&%mg ﬂvas)anuwi&er of
firi ng g eq E‘g‘ﬁ e §°ea‘§'ﬁl'§ngﬁ g@Zd‘!fﬁiae é'r“? r# @ “I%%é'ﬁ% &‘?‘?ﬁ?g gﬁ%ﬁ?&éac h

nozzl e 3% i250nk;indicdtingdhsb the printissd mpst e tiheked #HMtbdpeth the aaeragettm to ¢alqulateh at
the print eleadidit vikeS(for bath 8f thé $0,500InbzzRE R Bilot excB&d 200AT1D,2GD £3mb.Shis RelBirdd@

effect on Rt gre]rtue%torpr)t?nrni(ng 20 Gha SFthe 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 23 FEEDBACK FROM THE PRINTHEAD

The printhead 2 produces several lines of feedba_ck (accumulated from the 8 segments). The
feedback lines are used to adjust the ﬁhing of the firing pulses. Althot_.lgh each segment 21 produces
the same feedback, the feedback from all segments share the same tri-state bus lines. Conseqhently
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
2 SenseSegSelect pulse. The feedback sense lines are as follows:



WO 01/ 211549 PCT/ A1J00/ 01075 -17- 2.5 PRI NTHEAD | NTERFACE SUMVARY A single
4-inch printhead 2 has the follow ng connections: Table 4. Four-Inch :
Print head (@RSl oNs Name #Pins Description ChronmapodgghRghemierse! ect

whi ch chromapod will fire (0-4) 5 NozzleSel ect 4 Sel ect v\t/R nozzle from
the pod will fire (0-9) PodgroupEnable 2 Enable the podgroups to fire
(choice of 01,10,11) AEnable I Firing Spul se for phasegroup A BEnable |

Firing pul se for phasegroup B CDat al n}m Cyan Input to cyan shift
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data from the w3bdsbinfoRi 16 @hFonbrf b Rosishi aukpermzazé)m&hembﬁéa&r (rige per

nozzl e). SenseSegSel ect lect AN Wi.t h ta_on
CDatai g[n] seP éhet"ﬁg'égﬁ%y‘isﬁﬁﬁguqﬁed'f'é@et e gréerqy irjes Yaoﬁfur e
sense Vsenjse theVedteraegistvynse Rsense 1 ReS| stivity sense 15 Wsense | Wdth
sense " logic @ignéem'rdaaé the wneuephfmkma%.dwumwmw wMen iy vad)pp uat or

G ound V+ bars Actuator Power | nt er nal i nch LPsrlnt head,

each segment higst Bhdue i lithearaphic E’Urﬂ'@[‘f‘?ﬂ’ﬁ'ﬁg”lso%ﬂl%ﬁﬂ “’2@"‘6%2"1 Bl e 5.
Four -1 nch Pri nplieaddth appeopriatbly.Segnent Connecti ons Name #Pins Descri ption
Chr omapod- 3 Sel ect which chromapod will fire (0-4) Select

24 SpECIAL CYCLES

241 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 S0
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. sefting all nozzles
to fire), and a number of firing pulses to each nozzle. The nozzles are cleane_d via the same nozzle
firing sequence as a standard Print Cycle. The humber of imes that each nozzle 22 is fired depends

25 ubon the ink composition and the time that the printer has been idle, as with preheat, the cleaning cycle
has no effect on printer performance. '
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-18 Table 5. Four-inch Printhead
Chataln 1 Cyan input

Nozz| eEnabl e
HL'E‘%FRJ;' SenseSegSel ect ANDed with

data on (:Daf aln sele ense nes. for this cnnn'g_n_t_'l:s_g_n_;e |
Tenperat urp sens,e,m,Vsense #prind| tage sense Rsenna;c.’kpﬁiw stivity sense
Wsense 1 \:“.i‘ [ ) ] PVIR her
V- 21 Actt,u - iprcégg'g*e %gl ,’\cLL Fof—Dower A= u,“ 8—segrents] =
520 for aal “mﬁﬂ?ﬁtq\ ? ﬂl\MCF m Pzzh-fmm l’ﬂeﬂ(qullc sections have
deal t onl y| RedgreupEnsblRi ghe 2t Ieveﬁﬂaﬂvﬁ\e\PPW“B?mtﬁf?éc’PEW?91169'|16hal|tv 5 -

t hat of nappEmatyleCFA | naggd t o g FrimgipaiseforhasegrappA print formats. In faft,

there are- a_gﬁ's—mer of ST¢ps | rwnggdsémrﬁmydgngpan I'mage fromthe | mag
sensor, anHeRLOHgS) Y < (ggiT Uy G&y‘ah it stﬁffﬂeﬁlﬁer ovwﬁh_‘ﬁ
| evel proc '"‘"a' rO—t+ %gc Pt n: L=y " A ] of
steps: I'm H ppgor e
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| ocal |y wi|BR@logkne Print¢dm THeA muiseep SBRlep(ShigRegisterGle q'rblaa%therpum V‘l‘l‘g
stored Horape and ues from CDataln[0-7], MDataln[0-7] and YDataln[0-7] into the™ -
_ 24 shift registers.
PTransfer 1 | Paraliel transfer of data from the shift registers to the intemal
‘NozzleEnable bits (one per nozzle).
SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data on CDataln{n]
selects the sense lines for segment n.
Tsense 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense’
15 | 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
20 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 (0-8)
PoggroupEn- 2 Enable the podgroups to fire (choice of: 01, 10, 11)
ab
25 | AEnable 1 Firing pulse for phasegroup A
BEnable 1 Firing pulse for phasegroup B
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'subsequery secmpﬂgcgésm@m§ub-'corrponent's. 3.1.1 Image Sensor |

The previous secﬁ_ons have dealt only with the highest leve! overview of the PCP functionality
15 - that of mapping 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:

image Capture Chain
Print 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 ant_!

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

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
25 the quality requirements of Printcam. At this stage, we are not considering exactly how the processing
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stotingrit ledaliyowithirsthé Rdntém\The Image Capture Chain invoives a number of processes that
only need to be performed during image capture. The Image Capture Chain is illustrated in Figure 14,

with subsequent sections detailing the sub-components.
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process is quite sinple -

S are sent

SPPHtd i n

The input image comes from an image sensor 1. Although a variety of image sensors are

available, we only consider the Bayér color filter aray (CFA). The Bayer CFA has a number of
attributes which are defined here.

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

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



The red 45 and bl ue 47 planar |Inmages are exactly one quarter of the size of
the original CFA 25 inmge. They are exactly half the resolution in each

di mensi on.wdaesd and bl ue inmages are therefore 750 XpepRAuldeifiss each,
with the red image inplicitly offset fromthe blue inmage by one pixel in
CFA space (1500 x 1000) in both the x and ydi nensi ons. WO 01/20549

PCT/ AUO0/ 01075 -21 Although the greengpl anar image 46 is half of the size
of the or i nal CFAlrrage is ngt se as straightf rvvardl as t he
red or asesglytinn of ﬁP@"r@%WW‘? Hﬁé“%“"ﬁ’“@xﬁ'ﬁg@g@?‘%gﬁ'& gﬁ%?&ﬁ?m gr een.
On one I|anay(che),gmeamZﬁpkdebmarddqumxezannsadbaslshdvﬂWIﬁmw ine the green is
every even pixel. Thus alternate Iines of the green plane represent odd
and even pi xel €acti ¢ohfone sample@FR, 6nadc(corfBisprndingto rer, grean, apd binerespectively) Iss 750 x

1%ggapl f(gb-&ts ﬁ&g ?:am%h .smffmeqﬁasaiea&uaifermmﬁ.oﬁ ezagf@bxadago% o6 Eﬁtgvlf‘agers ane
01;] t he ||°ﬁ%%?|%%“&c§%m&bmv§b%ﬁ%béﬁfﬁ‘@*'Wﬁ%‘m"? Eﬂ"%ﬁ(?ﬁ'porary st oragg

T d af h

nas betn shut AP CPAREoraRnad © phikrh Altquden oot PR oRe NS HBBROR o1 anar i ot

linear RGB image Is 1,500,000 bytes (approximately 1.5 MB) arranged as
fol  ows: 318 7HpearizeBBBA875 000 bytes 10 B: 750 x 500 X75,000 bytes G
750 x 1060 =7 SUhé)[aﬁgé);amnr 40 B. WdlikefRltdFaveiebinp|Ftblg lindar espolien Theréfere dreriGditned

Brinter 2. A RGO et o,

: gl t hough it caﬁ'%ﬂ%%m"d 8‘8 s@ngplﬁbyéne%?f%@pw%}@ ﬁ@) e?%:?? ﬁ'ﬁgrgr:re a
nunber of step e d
high  quality BPP 'ﬁﬁwrﬁﬁé&s#’%aéfﬁﬁwa? RSk R, il PP 19 P BER' ("
Pri nt 1Chéines.1, 3;I5eete: indéxintd the i antl BdablesThis is compistelyi indgpendent piihe @'I?Qfaﬂonfvéthﬁl rst is
the o (r]I | QichiAdra. 'Tﬁ?ﬁ@oé&@ﬁ%l\bﬁﬁi 65‘ﬂ1e(t55t?9m8m m@ee@gedfma&ﬁéakup tatbibe

secon |s n.in on nuous tone

pi xel s), %d‘at%%gﬁgq"%’p%?gt" @T’ﬁ%%f’éﬁ%ﬁio?‘ggﬁﬁ 52, with lines-
of 6400 hi-1evel dot 3.2.1 Input Image 20 The input inmage is a

l'ineari zéﬂ':’RGBP'PPﬂiﬁéaﬁg"gtoned I n pI anar form as stored by the | mge

Capture Chain q’ﬁes &nﬁellsbo%gmeg' fro%let% l‘.‘lgl-(I have ahelr 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

45 ~green pixel and then by another red pixel - the different color plj;nes 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 résampling is pérformed during

20 the planarizing process. As a result, the R, Gand 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
image. They are exacily 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.

25



3.2.2 Gather Statistics 60 A nunber of statistics regarding the entire
i mage need to be gat hered before processes |like white balance and range
expansi on c%pﬁ%(,gﬁrforned. “These statistics only-need to dgarblfnred once
for all prints of a particular captured i mage 42, and can be gat hered
separately fromthe red, green, and 25 blue planar inmages. WO 01/ 20549
PCT/ AUOOi 01075 -22- 3.2.2.1 Build H stggram The first step is to build a
hi stogram for each 8-bit value of the color plane, Each 1500 x 1000 CFA
i mage cont ai ns aAfttaugl thg preen plangr image 461 half of thesize /f the qriging} ¢FAIpagR Lis not set
requi red) out3aéSstroigiifoiwacdly g the Fesl of viua plaBeshiThe reasontieduertedhe ¢checkprbodrd layauld oH 00
green pi xel ' oY ' SYRkAN ' bi t
Pabl 6 |5 Encrongogetidari el i, oty tEVRbAIDIRG oo s Qo el
hi St ogr am 1oUeTse IREeBIUIGFRa,PIENe FOreBT orcas eYSR PiSGis Wifdn 1B CFA pady TR bR B dc:
For | = O tplanatibageli750y( 1000 pixéls. ThIS hiswdificatibrsr forthe @bamplihgproceSs @ed "Resample

- Entry[pl+l EndFor 3.2.2.2 Determ ne

| mageEnd R, | g@igﬁl i xel ] Entry(p)
Hi gh andngchﬁ?r S ohlgigzéﬁﬁ Once the histogram has been constructed for the
col or pl ang,uit g@ped aues&d to determine a high and | ow threshol d. These

t hreshol ds“"can be use or automating | ater white bal ance and range

o1 el 5 rom 1 ho_frateonr bithe R RaG e TG} Mok i FEHEHGY of rblSy iiie! '
expendabl e Tameff'm#ppg oe E@e{uw so thatthe jmaoe g retainagafterfae poweshagbeenshut offo/

| i ghtest pixels_to be eerndabI e and therefore equal . The exact val ue for
‘n I's expected t o TBetoElAsmauntnsmemery regpired for fhe plaparized fineer RGBrimage s, 139000 bytes
char act er i $approgimataly 1.5/MB) prarged as foifowstet er m ni ng t he n% dar kest val ues is

strai ghtforpwar d. gl $s0ldB896L: ing through the color plane's histogram
fromth@cc’unt for Ouwa-érlﬁ's Fﬁsep 0. 1, 2, 3 etc.) until the n%total 'is
reached or *we haBe’Pr0RrI78809 btesher than a set ampunt from 0. The hi ghest

of these val ues iBS750601060 /B0000 byt | Ow t hreshol d of the col or plane.
Al t hough there is a difference between these darkest '

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 continubus fone pixels), and the final
résolution is the printer resolution 52, with lines of 6400 bi-level dots. |

3.2.1 input Image

The input image is a linearized RGB image 42 stored in planar form, as stored by the lmage.
Capture Chain described in Section 3.1.4.

322 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.



val ues, the difference can be considered expendabl e for the purposes of
range expansi on and col or bal ancing. 25 The process of determining the h%
| i ght est WPsusdes Simlar. It involves stepping througpcifAgeosipisor pl ane's
hi stogramtromthe count for 255 downwards (i.e. 255, 254, 253 etc.) until
the n%total is WO 01/20549 PCT/ AUO0O/ 01075 -23 reached or until we have
travel led further than a set anount fLem 255. The | owest of these values is
considered the high threshold of the color plane. Al though there is a
di f f er end@-2fet RWIHIBREEA™ | | ghtest val ues, the difference can be considered
expendabl e for _t he purpaqoses. of ran expansi on d col or _bal i The
reason for stoﬂb‘?ﬁ'ﬂsgﬁ’?sg?b@dg&f“%?’@?’éﬁ?ﬁ%”ﬁ&%ﬁ@'?“ﬁ%@%%%‘%%Mate for
t wo t ype<Fafmagp containpedotalofthere t he ori gi nal dynamic range is |ow, or '
where thgre is3\ygoqq1}ggﬁxégr(mipl1ggikwhme@gqlg,gﬁge In these two cases, we don't

e a

want to consider 't entire n% of upper and |ower values to be expendable
since we *have 375009 blugprbsels (min 19 caunigrraquiredh can safely set the high 73 and
| ow 72 t.hreshghmo?%ebgixWMithmté&ng&dpf pi xel values actually

sanpl ea. The exact distance will depend on the CFA, but will be two
constants. 10 Ané&afeielasingle 256 x 20aitgdlefisvequired tol hokl thel histograis shown i n Fi gure. 19.
Note that although the entire 0- 255 range is possible for an inmage col or
pl ane' s pi xel s Thé iprosess af biikiing dve Histogyam lis straightiorwdrd,cas ilustrajed bi\thedollowingo t hat
t he saneygg@ﬁjogézogr amrange 70, 71 is represented by a |larger range in the
| ow end than in the high end 71. This Is because the histogram nust
contain nore prxets—wtir—higirvattes—ctoser—togettrer—conpared to the | ow
end. The hi gh ¥F bfd® FOR*72 t hreshol ds nust be determined for each col or
‘pl ane i ndi vi dual Eapry{Thi=s® 15 information will be used to cal cul ate range

- scal e1and of f sgdarésaict ors to be used in the later white bal ance and range

EXPansi ON ProCESSe;JNE bW RY rReadocode illustrates the process of
determ ning either of wo thresholds (to find the | ow threshold,

t he
StartPosition = 255" 3HE B ta = 1. To find the high threshold, .
StartPosition - Ereari® peffwl+lj)  The pseudocode assunes that Threshold i's
an 8-bit val ueeddget W aps during addition. 20 Threshold = StartPosition -
Total = 0 Tot at-Pett-a—6—White—{{FotarDerta Tt VaxDerTa)—AND (Total <

MaxPi xel s)z) Threshold = Threshold + Delta
. 3222 Determine High and Low Thresholds

15 Once the histogram has been constructed for the color plané. 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 theréfore equal. in the same way, we consi_der 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 O 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 2556 downwards (i.e. 255, 254, 253 etc.) until the n% total is



Total - Total + Entry(Threshold) TotalDelta = TotalDelta + 1 Endwhile 25
Return Threshold WO 01/ 20549 PCT/ AU00/ 01075 -24- 3.2.3 Rotate | mge 61
Rot ati on of wWd\ghE@9e 61 is an optional step on both the GafijAtosemn Print
and Reprint processes. Different print formats require the inmage to be
rotated either O or 90 degrees relative to the CFA orientation, as shown
In Figure 13. The rotation anount depen _.on the currently sel ected pr| nt
5 format. Although the direc rotat rtant, (it can

o1 okt se FRCER P WE PmiaIa Brfke hepiacieh STnCost 4By [ orest o epS Vel e
facilitati ognsidbred pheihigh itteestioldpiithédolor plage. Allaugh tereds a@ﬂ‘ﬂremﬂ betwedn these lightest he
relative (AGUsSHE %iffbrgﬁbeq;an w&ngld&gb @kpeRd=BIAGSH the' tiloBes of PAHEETRL Cg:aiﬁ&o drid€olor
rotation reqwred or each print format from the original A orientation.
Table 7. RB®#%N8ns from CFA orientation for Print Formats Print Format

Rot at i St and 30 90 10P t 31 90_ P \ 33 90 b | 32 0
o o on or e e PgseB o SOBRRLARBE & S0 HEtHG oD o b b BRSO b e o

during theimagesiti on process. For a rotation of 0. the inmage can be read

row by row, and mgmq,eogéﬁg,hﬁ,gmefmgg,sl&hgr| mage can be read col um by
col um. Reg| stration of col or planes nust take the rotation direction

into accodnt. 15’“5’9@9@'%9‘1"193%'%6@"6'23%d Range Expansion 63 A
phot ograph is seldomtaken in ideal gor:tl nqlP condi.tians. Even the ver

notion of perfed’ttheqelt‘%%wemfﬁl“[af‘ﬁﬂ 4 enfirg e WTW’%WW’%SQS/% bot h.
~in terms olexpehdebiegsirep werhasd Iowi Enge to biegint with. Weldanaafely seti the high 78 asd ow The

subj ect ”&Rrh&goneé o Be BRAAGAHS ARSL Jfﬁixflle:IUéE mta@cégﬂgmga *rmxaalds%ae »L.ru GéHeﬁd i ght

source (suc R stn or i ndoor , ts own (such as a
neon sign) theﬁf"t?!“l’fl’ﬂ?“’f”@?ﬁﬁ"ﬁg condltlons what may appear to t he

phot ogr apher as "white aIJ far_fro 1ting
for exanple, typﬁ@éﬁ“l"?"ﬂ‘ﬁﬁgeg”é?f’%%p% %&?’W%{%W‘PW%@ &)elelni"g pear
‘on "an uncokberengeds mbleglra'pinagﬂ'@lqmbnemﬁsﬂﬂ tbis particulay image hascasmallermangp.dNote nal
uncorr ect egish haf tdSarahod mstogmmage A frh@meﬁmmxe léFQérGéhg& Hhe/loR \Shd D than

per el ved oiepag erd 7T TH e Jipi 9{31”“ LR i 858 g Rbdavod”

bal-ance on tegelpérsomparedn 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 = 0 andDelta = -1). The pseudocode assumes that Threshold is an 8-bit value that
wraps during addition.
20 Threshold = StartPosition

Total =

TotalDelta = 0

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

EndWhile

25 Return Threshold




before printing It out. In the same way, an inage can be perceived to be of
hi gher quality when the dynami c range 25 of the colors is expanded to

mat ch t he ghipgsange in each color plane. This is parti egrdphdferief ul to do
before an 1mage is resanpled to a higher resolution. If the dynam c range

I s higher, internediate values WD 01120549 PCT/ AU0O0/ 01075 -25 can be used
I'n Interpol ated pixel positions, avoi ?hpg a stepped or bl ocky inmage. Range
expan5|on is designhed to give the fu 258 val ue range to those val ues

act ual | y 3@3wp| Befateimagefd et case, the lowest value is rrapped to 0, and

Lo propor 11 onaRPRrTif i Eaps bEs 2 dperel i . bk P et ol R aptit |

t he oper ptocesseperforned is a translation of LowThreshol d 72 to 0 fol | owned

by 5 a scale. The fornmula |Is shown here: PixeP = (Pixel -LowTlhreshold) x
RangeScal eFact Oiffereptpsintforrnatsgedmire the fraage & be-rolated either 0 or 80 degrees relative to the

(H ghThr e @lishtduenyES swn i ﬁburgﬁl @m&ﬁﬁuaFaﬁJuﬁr&bmb @n bR ohﬂréﬁtl} &Abcied pAntMBXI NUM

val ue to.re a n n o far det ils on
Vol e, 50 e A el Ly B R et 3 oo o Bt Rt s 2"
10 val ue§1e(r1§0wﬁ¢nia§|9ma|0dv faciitatrg topriotheadrdih)othg rofgtipn ditpction jwiliafiect the relativecach
color pl ?ég%mﬁsndfmh YolétPfiled. Pabld P suniafizts MettafIRGEqu for e8BIDrnt ARl frbASKS can
be under en sk ously, as shewn In Figure 20: Since this step

i nvol ves "% %S¢ | EZS‘”EP Pss, we can be left with sone fractional conponent
in the mapped val 41 ﬁohﬁ%%ﬂ&ﬂ&ﬁnﬁﬁdhﬁﬁﬁuﬁt%ﬁna@ Rat her than discard
the tractional gerpeReRt—we 5s—a—3+0—bt+t—resttt—(8-Rits of integer, 2 of
fraction) on to|the ProntFomtatge cf t he | miRpatipnocessi ngjchain. 15 W cannot
afford the menor\stdn@ar@Ber € The gl re 1 mage at nmore thgn 8-bits, but we can
make dood use Tpakgﬁsng-l gher re cyouuon ) The Tesanpriing st age. )
Consequent |y thg f ré' rege s Lg-ou. ts—ant—the—output| | mage has 10-bits
per col or conpor r? nPﬁn |nr1| r\:\l rocess—l-s—-showr—i-n—Fi gure 21. 1t is

i nportant to ha dhumbngf, 37 of 0 difti ng the subtraction 40 that all val ues
bel ow LowThreshoId 72 to_be mapped to 0. Likew se, the mul tiplication nust
have a cei | i ngSHfe veagrergiatingRoly Imﬂ %’gﬂ?rdeﬂ'@f”t' in@ fnfesmation ds fogtdufing @6 rtsfioR i nput
val ues hipspbes. Roharotatibrodf O theiniage can'ba reat! kdw tyeowyapdieria totaticrtds 90, tieOmagezat
Resanpl e, GENERRE (x, y)
coor di nat eH@ﬁ'ﬁgﬁ%ce t Fﬂeﬂi gfdgﬁ%?ggeﬁhﬁrl%gﬁsv\te need%arﬁg&gﬁrﬁ@bot her
col or Wdnt val ues at each pixel. Utimtely we need cyan, nagenta,

and yé%l ow col or conponents at each pixel, but to arrive at cyan, nmagenta,
and yel | &#4 m%%‘#@e&gvmnamwaw Wt h our one- col or - per - pi xel , we

may have the red co onent for a s’@cul ar :]%, we

esti mate bl ue Aot i W"ﬁ’?ﬂ@/ “’éﬁ‘é’@ °"§ g'@de?'d'm'm °?Epe'q°°t
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). '

In most lighting conditions, what may appear 10 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
o5 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



estimate red and blue. 25 Even if we did have the full red, green, and bl ue
col or conponents for each CFA resolution pixel, the CFA resolution | nmage
is not the Gdgnesydt put resol ution. In addition, -although ddigavambiaw for nmat
WO 01/ 20549 PCT/ AUOO’ 01075 -26. varies, the phyS| cal width of the printed
i mage is constant (4 inches at 1600 dpi). The constant width of the
printhead is therefore 6400 dots. TheregtLe tvvo extrene cases to consider.
Interpolateto CFA resol utijan &ﬁhnlmal nte I?‘ﬁ% andthen erform
shar peni ng®anc§ 4spd indnjerpelzted piye! Positiqng, ypl PrPIACRLIMBRT- fErge: T"lﬂ"f‘b‘n.

Thi s has t esigneld/tagive the full25Gvaluenarige it thoss valharqceallyrsgnmw inghe lastas® itherlowest
conversi oNygile it fepd 9\{& «{)myﬁ.@@& valild Wiidpbed tb zgmn B ntethediy Auek aﬂenaaaea

requiring nore t er col or co onen to be stored for th

i nt er pol at ‘Qd’mPPWﬁ'b’@V'B?e""er‘?la@rVﬁ'B?ﬁWOQP be Incorrectly int er pol at ed
during the final scale-up to print resqluti It _also h

di sadvant age of P@Efa'f‘?fFﬂ@ tgegdgatugu ‘l?ﬂb'm?ﬁfs ﬂ‘ﬁﬁga'\‘"é“&ﬁﬂﬁﬁ?s@ag# E’ﬁ’dﬂ"ﬁﬂgﬂ Phg |
print-res éndaie: Do foimabh issiowehqoer cycle.  Interpolate to the print

resol ution, then perform sharpening and col or conversion. This has the

advantage of only oneppeganyPixe—BoRIReeshold)VREMgeScaRFablon accur acy.
However it has 10 the di sadvantage of requiring aﬁ%al e-up unit that Is

capabl e of produwikete | biRavgeSaalélfactops WW wel | as
perform ng sharpening and col or conversi f'esé'ﬁ dan Reyres 6 of a single

cycle. The sharpeni ng kernel nust be | arge enough to apply the CFA-res

kernel to the high-res Inage. Wirse still, for sharpening, there nust be at
l'east 3 wi ndows Rhnyascamﬁhaortslmnmmmﬁdtbamm(maahebMQammoaemmmenheof
6400 ent 1y LASR) e FFGe IQGJ ) ﬁréé%ld%%la@:;ech Y WBhthelBEfRER TheRd

yel I ow ot S epreazent ots me d |1 nes &ﬁef thesghgéaases

take I'nto YAuesawThmenod ang RP'W&?”!%@"’?’P m!l|bemﬁﬁrﬁetf?mﬂm°'°r e'amﬁ Al R0ty nesd er

15 than cobd cmlateGoncepetimagd. Yy we can strike a mddle ground with regards to
resanpling, and achieve the best fromboth nmethods. The solution is to

I nt er pol at e t o aBoth tesksrcae ble urndertakers simuitanesusly, 3ia shiqwe in Figure2d col or conver si on
occur at the Internediate resolution, followed by a scale-up to. print

resol uti on. The PBincecthisstb invalves pscalingiproeass. wesan brclelt with some frg¢tionad compopent inhe

advant agesmeinasﬁmlvb:uébermwmm}m to 8i28. ma&adnﬁm.&am tHeXastRA baﬁbohémww

But th { t h h th t th

Poss. of .. qbite Aoy otk (8 g8 2 iaeteR o1 hs i s i 166 Prfiaiing Pt

ef fect HusWelsenrotrfforidhememory t stotedheenfiedmage amorsnmg Bdits, hutaversen mekecnood uset he
print resobsd Highef resdiltes .nmaaesahmszagé massehb@.twe Rput inhBye B 8-tits Rkl e

600 dpi th d db 0 d
gontongI | nﬁ&gggﬁg'ﬂg’ég%\éﬁ?’?’f/g'ta‘?s?“?'r%ﬂé'gﬁ‘@&%a?éeﬁ’zs%?‘m'PE 8% n't1(2380 Zoﬁtone P
pi xel's provides Qe @g@gﬁ@ tﬁgafk(gisﬂo% of 62hirhy +RY ElbtrBABR o' that MCYanle tdiow e

| at er scal | n from
reshold 72 to be mapped to 0. Likewise, the mulfiplication 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.
20 325 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.
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



Is therefore an exact scaling ratio of 1:5. To decide how best to resarrple
it is best to consider each color plane in relation to the CFA 25°

resol utio bo3gd S Shown in Figure 22 for a rotation ofpcfaphfdilsy 20549
PCT/ AUOO/ 0%8%’ -27- 3.2.5.1 Red 45 and Blue 47 Looking at the red 45 and

bl ue 47 planes, the full CFA resolution version of the color plane can be
created by scaling up-the number of sg Ied plxels I n each di nension by 2.
The internmediate pixels can be generated ans _of a_reconstruction
filter (YBrsH ‘%&PW‘E&WW@%‘"‘BP"’B@MH&%&W141"t°e?3a‘ 1609.1PY ThreengErtith ofn i n
t he ker nafle pristheaelds therefohe 6800 bts. t he kernel |Is symmetric. Since red and bl ue
have 5 different offsets in ternms of their initial representation within

t he CFA sanpl equsaaretdeerhmi:aséaboqmeldﬁtions in the kernel will be

di fferent, The, &' EIf:A RRbIRISh (iRl @bﬁ&n},'aﬂd t:%%eﬁ&ﬁ%ﬁémérm: | Bl

coor di nat es depen S on current rota \% sl nce the
regi stration ofoRyprign. £ ”@%f?@@é”’\ﬁ? {he prigfresofution. (E'Ft"?ﬁat"e @dYaptagrof aconstant
dependgng on pshansening kerndl land éotur coneefsiomat sl lowe reisblation. Hdwever & Ihasothe mgadvan-

rel ationship h?A 9%t rebfliflf md: &%atka%nsraamYMPesMem «. bsefa.red'f&qtee.nterbotzﬁd' um res

space 15 x' = coor e in |nPut space umres pixels
i nput space sal'ﬁ!ﬂgé or iiermediate vglues. vy !ﬁ'“ﬂgﬁfﬂhmeﬂgla@ﬁ "F‘Utgéﬁelﬁﬁﬂ ¥ g s that
given a starti regolptiddi it alsbihas the idisgaivint=ye afrequiring a Gaate-gpamit thatiecapabieefptodoe  of

medi um r esol ut Lan Rieksd ik Hg&igg“g 4x and-Ay of 1/nps and O respectively
1279 ti nes. The"(af ac%?éong @ part o X and y in input sgrace can be directly

used for * ooki HeRARAE Wé”%@?"ﬁ@?”‘ﬂ’@éﬁ’ﬂ@?’é?ﬂ'@?’ﬁ?”’qgr?ﬂﬁéd FOMVeEoBnE W38t i on
and resanpling meamawagaaf/oapmeaawngmsawamgnﬁﬁmmammmuo«eveanﬁs k2 are

0 and -0.5 de ' gE,gﬂhiﬁ g&m

degreds. Tabl gﬁ%%sﬁ q}’]\fef%&a ueés&?g? an%i.'a fPﬁg&trngq bgar?gig in%fje pl anes,
assumi ng that ot "a'P?)P%{t"Y‘Hﬁ?sd‘fe' gRpefaningsharpening ang colqr gonyeesian, all qn.g)) avers

Ef fect of Rot aageof a)s'hdelcyeta.dmezha(rpmmemel must benlaige ehaugh i apply theReRA-Bsue 5 -

Rotation From %rhéi 'tJ'lﬁL high-res image. Worse still, for sharpening, 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.

_ Neltlte} of these cases take into account the fact that the final print output is bilevel rather
45 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 infermediate 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 {iming. But the intermediate resofution 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 twa).

Since the print image is printed as 1600 dpi dithered bi-level dots, it can be safely
represented by a 320 dpi confone 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 considér each color plane in refation to the CFA

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



Format CFA k1 k2 k, k2 Standard 30 90 0 -0.5 -0.5 0 Passport 31 90 0 -0.5
-0.5 0 Panoramc 33 90 0 -0.5 -0.5 0 Thunbnail 32 000 -0.5-0.5 The
nunber of WWResM/S Pi xels per sanple, nps, depends on tReTidedbiehor nat .

G ven t hat e planarized RG Image has the follow ng red and bl ue pl anar
resol utions when unrotated: R 750 x 10 500, B: 750 x 500, the scale
factors for the different output formatsg,(see Figure 13 on page 17) are
shown in Table 9 at Wi th the Passport image format, the entire
image Is r éﬁpl%# tal‘f"tiw the out put space. Table 9. Red and Bl ue

Scal e Factors fo For Sl nda d .30 500
1280 2.56 O. 3906&?“"‘&%@ §'_‘L°"%' 5%?5‘“1“/%' gﬁ‘g%i?',mfgpﬂ’%ano fihe colobplang:
1280 5.12 eEanlt@sabRg by?#almmmthds nigsbei7ef Gampl@ipixelsin egchIBuEpsisnbyc2: Theypterpadiate n
Tabl e 9, Pﬁelé & uargdné?éww MBS of @reeon%ﬁf&.am:urp(s.was al andz69&Expoental mer)

Consequent t here ny aliasi artifacts r oduce

resanpl i ngoé'y8ﬂ%§'g'° "i"g‘ %‘”@q ﬁXJde ~PlRee ﬁgé%'ﬂe'bﬁ e %%r%%ﬁﬁﬁanggm |hﬂ’£ﬂ y
scal ed up Hiflereritoffestsintemss,of their inidl represehtalion within he GEAGRMPIE Space. the inffial pdsiion een
pl ane repr gskdMemefllil b&difddnt Pi Xel s -either the odd or even pixels on
alternate lines. Although in terns of the nunber of pixels it is

repr ﬁsenL ative t @n&axpdidaaafgu@mobrames {ir’ 1260 Qpace] 0Rput cbiRdindtésB@Fends bh the
equal ly pe _Ssa

00. Thi.s confusi

checker boa?‘ﬂm"%'g%’d? ot% E')'ﬁ’@e’ é’%r‘{'e ra?(%aﬁ nel exrefeg cth%'(ede %é'i' g‘)ﬁ%@ygﬁ?g\/\é’eﬂr& xel s
i's not equdegrees depeadiog gn R!'"F'rfefﬁ‘ﬂ){ﬁﬂsfed am‘uedh@s"‘ﬁ@!'wwemfmﬂ heldsimge -
reconstruction or resanpling. The nunber of Interpol ation nethods used by
ot her systens for green plane reconstruciio is testinmony to this - from
‘nearest neighbor replication to |ineae (’-:}':é tion to bi-Ilinear
I nt er poB@ti on and heuristic reconstructi e mappi ng of out put
coordinates (in 1280 space) to input coo ates| is conceptually the sane
for green as it is for red and bl ue. Lﬁ depends on the current
rotation of the inage, WO 01/20549 PCT/A /01075 -29 since the
registration of pixels changes with rotation (either O or 90 degrees
dependi ng on pri @heré Or mat) For the green plane the foll ovm ng relationship
.holds: x' - ms7+kl 5 y' + k2

x,y = coordinate in medium res space

15 X'y’ = coordinate in input space

mps = medium res pixels per input space sample

ks 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



where X,y = coordinate in nediumres space x'y' = coordi nate in I nput
space nps = nediumres pixels per input space sanple 10 kj, (0, -0.5)
dependi ng W@ of/stisgf i ON As with the red 45 and bl ue 47.. plpg immﬁlh% nunber of
nmedi um res pixels per sanple, nps, depends on the print format. G ven that
t he planarized RGB i mage has the follow ng planar resol utions when
unrotated: R 750 x 500, B: 750 x 500, Jg. 750 x 1000, the scal e factors for
the different q r mat re 13) are sho 10. Note
that with the If’t.l?éeg‘%(‘ta"gﬁaﬁégﬁé‘fﬁ%tdep"?‘ﬁ'ggﬂh °Ph8’"‘?'fP€§"e a‘ﬁﬁgf’ % nt o
1/ 4 of the degregs. Tatfig)@ eliows e vBiles or kPandCk, @i the bdband biiePlaned; assuming thad thel NBge

For mat s [ma in 1/ nmps Standard 30 1000 1280 1.28 0.78125
Passport '§i 6%7?9%5‘8 SWHRINSSE panorani ¢ 33 500 1280 2. 56 0. 300625

Thunbnai | 32 1500 &;@ tﬁfﬂ?-' &Grﬁ:a I I ow t he
mappi ng of %Luﬁ%m Gh j}\"%rng‘qvmﬁﬁo igmftﬁ% ﬁ Fedi um res
space. However, once we|have a coordinale in IGEA rescl utlouuenput space, we
cannot g pefform i mage r¢RomGénRiemofginand r esanpl ing gn the r’rEI eqd in the
sane way ap redFoomath| ue| due t oCFhe chefbkeFboar d Mat yr e *of { hekxrden pl ane
46. | nst eafistahdard 3che pufposes @ high qpality |i-o@ge reednst uctlor and
“resanpling PE&p6rEdl  CONpI der TTeg green Lhannell pg De|aps! magg rot 4t ed by 45
- degr ees. V\IH‘E? o%lé%u" aftte piggets—m 0“ S il_ggt IS 5 ToOWMTgTTT Fijgur e 23,

a high qua eponstueH-en—andrresargH-Re—rathod—beearest 25

clear. WO Q WW&E&D(‘T/ ALINQ/ 01075 -?ﬂ nlu n daLfEl_c.d?_g_zaﬁe_dl st ance

bet ween the sanpl ed pixels in the X ctions equal , The
“actual di st anceM®ByrRees "?ﬁ'ﬂﬁl’?c?"ﬁ‘sfgr s§““f"§ mps gpF'ﬂﬂ?@W&f’@&'ﬁ“ﬁt g\vﬂlﬂ’@ 24.

The sol utthepianadzed RGB ingage bas thdfalinwirig redand blureslatla! rgselutions whenmmptatedeB19Q xr uct i on
and rd8anggp igFs0 k Bod, HedbAé 1aBRIGH mﬂnﬁrémgmpm lkImas (BRe mﬁ.@natoh \Bedd Oarki | ter

i T Bl 1o & Wl whion st o ot o6 S ek kPl B 0

t he 5 hi direestpufspacguency I n the S|gnal is different to the relationship for

the red and bl ue planes di t he kerngl should be normalized so -

that the 42 dist an@f@ﬁﬂ%ﬂﬁ'é‘ﬁﬁ%‘f‘g} fe(mage [ _as kerne

coor di nates po (tﬁgﬁ““nnor el | ZgghpfligSt anqespgt Ween regggpl i ng coor di nat es

must stild begeere o 500 1280 | 2.56 0.390625 '
640 1.28 0.78125

Passport 31 500
Panoramic 33 250 1280 5.12 0.1953125
1280 1.71 0.5848

Thumbnait 32 750

15
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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.

3.252 Greendd

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

20

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
{inear 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,



determ ne whether aliasing will occur however). Therefore we require two
transfornmations: The first Is to map unrotated CFA space into rotated CFA
space. Thi s by sedcconpli:shed by nultiplying each ordi Rgfadawedh®. since
we are rotating by 45 degrees (cos45 = sin45 = 1N2). 10 The second is to
scal e the coordinates to match the normalized kernel, which can be accom
plished by multiplying each ordinate by,y/42. These two transformations

combine to create a nul tiplication factor of 1/2. Consequently, a

cdvance | nelfR iR e SERISPE CRTSHyn Riigened o0 SsHpRARS Y RPmED. 40
decr ease byoldhe’green plake the édllowing @lationisizip hajds: as we advance in y by k, we
increase by k/2 in kernel x and increase by k/2 in kernel Y. 15 The

- rel ati onshi ps between these different coordi nate systens can be illustrated
by considering what occurs as,Wg (qen raa,g a line of nediumresol ution

pi xel s froma CFA space input ina i'lgn a starting y ordinate in CFA

i nput space, we begin at x=0, and advance {1280 tines by 1/nps, generating
-a new pi éel at each new | ocati gn= (L. ment in unrotated CFA space by
1l nps can be deconposed into a no nt “lJn x and a novenent In vy in
rotated CFA space. The process Is shown in Figure 25. Since cos45 = sin45
= 1N2, novenent 'gﬂergnrot ated CFA space by 1/nps equates to equal 20
novenent in x and'y by 1/(nps42). This anount nust now be scaled to natch
the normalized kern i uates to another nultiplication by
-1/ 42. Consequent F;% %gom&g%grﬁre"%?@%frg%f’%s in unrotated 25 WO 01/20549

PCT/ AU00/ 01075 59k dobiflinstl #GRpuPspeed €S to a noverment of 1/2nps in kernel x
and kernel y. Table 11 lists the relationship between the three coordinate
systens for the dipkLaelih rdsPindBlpsrinputispldesachple G een Pl ane Kernel A Val ues
for Image Formats Unrotated Rotated CFA space A CFA Space A Kernel A:
Format Scal e Fackgy={d, -0.5lddperddiadh roldien NPsV2- 2nps St andard 1.28 0.78125
0.552 0.391 Passport 0.64 1.5625 1.105 0.781 Panoramic 2.56 0.391 0.276

g. 195I Thunbnai | Alﬁ)w&’ﬁﬂa&réh7ﬁ‘h%d®lu83ﬂ_pﬁn£9l&e Authblef of ledRIADI6E pikdiier BaNS Ripls, | N
ernel spa | 1 . Space,
ontyt e pagenia f skhtR Sl aflBE e fiane] Mimadkfes nd porbithetdir oSy

al i asi ng wiwhen unrgaters R 75005004 B 5Px 9%, G 750y 1600, the peplet factarg; for the differgnt oxtayt of

the ot her s fori¥Reé Figur@ 18 dte Bihown it Néble™0l Rotd HED&ith the Passport image format, the entire

image is resampled into 1/4 of the output space.

15
Table 10. Green Plane Scale Factors for Image Formats
Format Mapping mps 1/mps
1 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 fo 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 reconsfruction and resampling method becomes

25 Cclear.



and that each of the 4 images is only 1/4 size, aliasing will not be

noti ceabl e, especially since we assune ideal |ow pass filtering on the °
green duriypgeismge capture. 3.2.5.3 Reconstruction Filteprfaghedies Bl ue and
G een The exact reconstruction filter to be used will depend on a nunber of
I ssues. There Is always a trade off between the nunber of sanples used in
constructing the ori gi nal si gnal the hinme taken for 15 si gnal

reconstruction, aI| sampl ed i i sf [
trade-of f in th efgé"‘f’% 'E%?ﬂn%l?ssa 'g%&fﬁlfe'"c'ﬂe% ’F‘ 5’?/‘?15
reconstr X-2, X- 1, X
X+1, X+2“8‘{5u‘g" ?ﬁ%nat u@%&%@ﬁ%huci 'gi%gﬁl%‘ﬁlaga :24p0| nts we only
requi re 4 coef r A e create
a Eer nel coeffH&?%"n ,&9 m%#‘ﬁ\ag&”hﬁ'sr‘oé%?ﬁ%s% !)e%'{ésg% &Jqlaor CVPWonent
Each entn lytared§papec%wm@weqqmg recapstrygtion, filter s used 75 foiresamplingsed and kige. thep t he
cha?ges kénél ehddidibe IFACK. Thid is bebausgthe rdmonsnauamsmﬁesamaﬂ:gm ﬁagreéimmekThe |
nost s cur erne
apace b Dot ety hedlond | ampleh e RikuoBERT 18 s opdoe e idhirne 21 0%,
entries ikemelishouldces ppanalipedsiodhat thecV2 digtance betweescsamples becomesf @s fas @g kerpel| ook up
tP he foef bdrdifdsSgo @e lmn&ﬂghuasu Histarties betwsed febdmipfriyl cobinates hﬁstrsmts af)rpkédrr:e I n .
ri ntcam en e sharpene
bef ore bgftﬁ'a"rfc?r"fhﬁ{ﬂ Bsf"ﬂ@"aloge‘?hwg? S %%L%%Sgquﬁl%g?"%ﬁ"é% be appli gd in
t he CFA resol uffhefirstistaaien U"fmmﬁéﬁspaﬁ? ingqutap spasptThis €an beaceamplishedi on we

do not have t h@y inukiplyigdadh ortiRdt® by B4, @icele &8 FdlatiRg ByF4S debriaés @auds wRinasiky have
red, blue or gr at a given pixel position. Sharpening each col or pl ane

|ndependently d es rise to color shifts. WO 01/20549 PCT/ AUOCO 0107.5 -32
Shar pdi g s hoTheisecendiista scalpdhecgopridinates to natch thelnammalived kemed ivdiieh ean hefaccom-i nage,

so that the hugyséfby mmblihgbdch Brabtedy BV en pi xel wi Il be unchanged.
Shar peni ng then, involves the translation of an RG inage into a col or

sp?ce wher e thﬂ’hes’emﬂ%aﬁé‘rﬁaﬁoﬁsm) ztd@da:éamnﬁnmoﬁﬁm:ndercm&eqnmy.eelhor 1 -
i nformat | r Lrefkb & en be
~ shar pene Qgﬁgﬁﬂ g%tawu%ﬂsg&&?‘ob 2‘? ¥Eon ?ell#' ﬂ%rﬁe&ag'gﬂé ter ggﬁﬂ versi on
of the |mﬂu&@}aﬂy.aﬁwa?quncew@vémq incEesse 2 @mﬁ aam%"%mwr%a%k to
RGB 83 (gr to CW since we are going to print out In CW). The process is

shown in Figure 26. However we can avoid much of the color conversion steps
if we §0n5| der Thé eelatiohships befweart dhasg differdnt ghordicets eystdms tar bel ilustratedk by nt 0 t he-

| mage = w&‘wsﬁr%%;t ﬁ.&&&@g&ﬁ&% iRt hﬂ&i?:ﬂ?&ﬁlﬁﬂoﬂ lelQ%or'n'ms ﬁmnge in
t he | um nance Lven can a Xi rratqe_ ap e change
|1 | neamaes. Qien Saifingy osiean GFB MRl Semie v bR A 2t Bnd vl AE99HER Py | 1 or 1
and appl y/ips geoqrating aoaw pikel ateach nesnibdationg Thel royernent inRipro@led SF4 sﬁcebmlﬁlpe 6.1 .
Convert %J&cémp%&a\{iﬁosmnﬂﬁﬁn&%&h&é@%%%ﬁw@ﬂéﬁ&o&ﬂ%cemere L Is

perceptu uni form To convert
mFugure

Since cos45 = sind5 = 1142, movement in unrotated CFA space by 1/mps equates to equal
20 movementin x and y by ‘il(mps'\VZ). This amount must now be scaled to match the normalized kemel.
The scaling equates to another multiplication by 1N2. Consequently, 2 movement of 1/mps in unrotated

25



fromR@& to L (the | um nance channel) we average the m ni mum and nmaxi num of
R G and B as follows: L = MNR G B) + MMX(R G B) 2 15 3.2.6.2

Hi gh Pass Figd fi0k4984 A high pass filter 84 can then be aphifmohdrs he

| um nance Information. Since we are filtering in mad-res space rather than
CFA resol ution space, the size of the sharpening kernel can be scaled up

or the high pass result can be scal ed a@proprl ately. The exact anount of

shar peni ng end on the nvoI ut 5 will be

suf fici ent Cfﬁs'pﬁcaaﬁ‘e&%%a“’v%'?m ‘ifé’z"‘ﬂﬁ'"l"f’mﬁé‘ REmel Y- T‘%Eeréjg%ﬁ}eﬁéa@f‘?@ of

t he ker nel petWednltiee tirBe cdvodivate: dysteras foetbe diffrent foshatsig 86 required for a 3 x 3

convolution in CFA space as applied to 1280 resol ution space, using the

green channel as bleld; GrepPlaneKernel4 Valuas foximage FOPasEn t his table it is
I
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we can def hﬁﬁhl 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 kerel.

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 kemel space. The most significant bits of the fractional component in the
20 cument kemel space are used to index into the kemel coefficients table. If there are 64 entries in the-
kemnel table, the first 6 fraction bits are used to look up the coefficients. 64 entries is quite sufficient for

the resampling In Printcam. '

3.26 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, biue or
green at a given pixel position. Sharpening each color plane independently gives rise to color shifts.



the transformation of sharpening R, G and B as follows: R = RtkL G = G +
kL (limted to 255 each) B =B+kL 15 O course, the scale factor applied'to
L can be GogRismes With the scale factor in the highpasspchiauh@dioRRr 0CESS
(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 CW 83 in
order to be printed out. 3.2. 7 Conver to Cw 83 20 In theoretlcal ternmns,

t he conversion f 1- B However
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Tr|-I|ne§r 49Eerpol ation can be used to give the final result for those
entries nb? ncluded in the tables. The process is shown - in Figure 29.

Tri -1 ihegpn gl4nt &rivert REBIYLBEAUI res reading 8 values fromthe | ookup table,
and performng 7 10 linear interpolations (4 in the first dinmension, 2 in
the second, anWe'coﬁﬁHeHﬁGdli‘ﬂ@ld).’a‘ﬂ*“cﬂ&sﬂé&ﬁvﬁér@ﬂis(‘p%i%eﬁﬁhlly mﬁh frewhb.e -
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The recigwshded size for each table in this appllcatlon s 17 x 17 x 171,
with each entry 8 bits. A 17 x 17 X

MIN(R, G, B) + MAX(R, G, B)

L= >

15
3.26.2 High Pass FilterL 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 apprbpriately. The exact amount of sharpening will depend on the
CFA., but a 3x3 convolution kernel 85 will be sufficient to produce good results.

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 1o 1280 resolution space, t_nsing the green channel as
the basis for scaling the kernel. From this table it is clear that a 7x7 sized kemel applied to the medium

20

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 1.28 384 .| 3x3o0rS5x5
Passport 31 0.64 1.92 none, or 3x3
25 Panoramic 33 2.56 768 | 77
Thumbnail 32 0.85 2.55 none, or 3x3




17 table is 4913 bytes (less than 5KB). To index into the 17-per-di nension
tables, the 8-bit input color conponents are treated as 15 fixed-point
nunber s (4: o otk %e o4 bits of integer give the index, and tggasgdpiodess of
fraction are use ‘% interpolation. 3.2.8 Up I_nterpol ate 67 The nedi um
resolution (1280 w de) CMY i mage nmust now be up-interpolated to the final
print resolution (6400 wide). The ratiqals exactly 1:5 In both di nensions.
Al though It Is certainl ossi ble to bi |nearIyInter ate the 25 val ues
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with only a9 x 9 x 9 eversion table (729 bytes). The exact size can be
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M and ¥® This is because the actual printhead 2 produces the C, M and Y
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filter process (see Section 3.2.6.2) for a smgle 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 Conve_rt 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



The hal f-toning process can be seen in Figure 31. The size of the dither
cell 93 depends on the resolution of the output dots. Since we are’ 15

produci ng wW&pfhedi dots, the cell size should be |arger pbbABookrn’s 32- I N
addition, to allow the dot processing order to match tﬁe pri ntﬂead
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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 resqlts will be dithered and printed bi-
level. Given that the contone 1600 dpi resuilts 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

25 '
1. Althougha 17 x 17 x 17 table will give excellent results, it may be possible to get by with only a9 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.



The CPU 10 comruni cates with the other units within the PCP 3 via
menory-mapped 1/0. 15 Particul ar address ranges map to particular units,

and w thin %{g‘, g30e, to particular registers within thacrpafabbfass ar
unit. This includes the serial and parallel interfaces. 4.2 PROGRAM

A smal | Program Fl ash ROM'13:is incorporated into the PCP 3. The ROM si ze
depends on the CPU chosen, but should t be nore than 16-32KB. 4.3
PROGRAM RAM 14 20 Likewi se, a small scratch RAM area 14 i s incorporated

into the Peesulbmay;RABas blogky. byt sigredhe piralsre lpdedithered, fhe\afiect |5 that e 28 resultant b ges |
t here i s neveass takeon the bantone valm. Tiephocassdsishowhén FRAKE 30. ze  depends on the CPU
chosen (e.g. stack nmechani sns, subroutine calling conventions, register
sizes etcgpo bufiamtbregsd not be nore than about 4 KB. 4.4 CPU MEMORY
DECODER 16 The CPU Menory Decoder 16 Is a sinple decoder for satisfying CPU
data accesses. TlyRe prtithele @asiorily tapabie bbprinsnglddtsiinadl bin@eisfashionnWe niust tierafore PCP

regi ster a . . |
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COMVUNI CATpered siiteRpsicgeasstophastic dibeety capveriings contaner@itimagey intpr dithered pi-level

st andar d Ugkiysmégeal port. connected to the internal chip | ow speed bus 18.
The USB serial port is controlled by the CPU 10. The serial port all ows

the transfer of Thagds1600 dpircdntbreomiut BecomPareditotizengurrantghosition dnvibe BR@Fce(l BB.JE t al

Print Ord |
Cono” PSS Bt A S B R i,
serial por P% outpy bit O£ 9 isgeperates; Jhis plitgyt bit il gyeptually he Spt 49 thp penthegd and-gootrol a
CPU- nedi at silgip nedzetoproduee magle Chid, dr Waiot. Thelsitrepresentswhitbertar oattapattiodermozaid

rol I [1, 2] wauth b giveR Golor! 9 Wbilg functions: Acquire Ink characteristics
10 Acqumre e recomrended drop- vol une: Track the anount of paper printed
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request ed t for he re V, orts, is to c nnect. to
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[2]. If only a single line |Is used. a clone print roll manufacturer could
ysur p t he aut henifhehbeifitening prasesssan baaepnip Figue 31.

The size of the dither cell 93 depends on the resolution of the output dots. Since we are
15 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
1.5KB).

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. ﬂ_'te 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 Memjet Interface 15.



5.2.1 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
possi bl e ' ality, and is inplenented using an Aut ' Walgl

Chi p[ 2] . %%mézgg“bi ts of data are allocated as foll ows: b@g}gpg.ﬁ%ﬂ Print
roll's 256 bits (16 20 M n] Access Description 0 ROa Basic Header, Flags
etc. (16 bits) | RO Serial nunber (1 bits) 2 RO Batch nunber (16 bits) 3
Db Paper remaining In 16 blts) &OQjan i nk properties (32 bits) 5 RO
6 RO Magdnta i@RU NPMEMQRY |, ts) 25 7 RO WD 01/20549 PCT/ AU0O0/ 0107.5
-38 Table 13.. Print roll's 256 bits (16 M n] Access Description 8 RO

Yel | ow i @ pr oBBYGOBE 1932 bits) 9 RO 10-12 RO For future expansion =. 0 (48
bits) 13-15 RO Random bits, different in each chip (48 bits) 5 a. Read
Only b. Decr enﬁhﬁp@lﬁyﬂwﬂéﬂeﬁ'éw mieforeentrolien CPY eate 10 to synshreeize the fradai ng i s

chec kfd Baptiré G?mﬁg)nﬁﬁﬁm@ﬁlﬁyﬁ\&\ahb @hcto pefforfEringam’ Qendril perdtingespstbr
7 i G P er e’ S Tty 0t el 8y il o A B TR Bbcefir "5

PARAL LEL cora[wtRpyticientpraggssingcpopar g |pedarm| the eavirgd ealgiationsand tcsntre fungtiors fast t o

i ndi vi dughough Binmetcdnbifer bips@adtiosd. gnal s. The CPU Is able to control each of
t hese connections as nenory-mapped I/O via the | owspeed bus. (See Section

4.4 for nore dsined &iSof tHe iMBgeprotessitiope perfomidd by abdicatelihasiivareSthe ICPUMoEs wtt | ONS
to the pgL & &Loeké‘&nf‘eisplﬁsﬁfresuitsﬁgbﬁu &4h be SNt sinfHiks HL»Qevaﬁ( rﬁus't 6a faét Qﬁ&bﬁ ace

Connect i on rection er transport st %RE'
Gui | | ot i trsunihe stePrer,moter during a pnnt( e stepper motor requires a zprocess) An example ofa

suitable core is a Philips 8051 micro-controlier 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 V/O.
Particular address ranges map to particular units, and within each range, to particular registers within
that particular unit. This includes the serial and parallel interfaces.

15

4.2 PROGRAM ROM 13

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

43 PROGRAM RAM 14

2 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 intemal low speed bus;
and therefore allows for memory mapped I/O of PCP registers.
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3.1. The I mage CAPs istwo standardipw-sppedsefial perts. epapacteditothe intemalghiplovesneed pus 18.
Interface TRSCPUnedialed pRtochibetweeiSthdaalis usedi tocauthenticate theafrine rdll §1,2)aand fdrithveal | y
wites thefJ“M hgigd. RGB image out to RAMin planar format. The process
i's shown in Figur . . 7.1 | MAGE SENSOR | NTERFACE 98 15 The | mage Sensor
“Interface (I Sl) 9@eurainkcharagtesstistichi ne t hat sends control information to the
C. MOS | nega Sens @gquird the rétdinmended 3B valymie pul ses and pi xel clock pul ses In
order to read the | e. Mst of the ISl is |lik to he SQ ed cell
fromthe ifage siﬁg'g&g AR g@?ﬁﬁrg?&e"ﬂqg '79575%??" ‘frﬁbé\' ‘P'hentlherea's HUHGeRE baper
i to print the requested print format. o

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  PrintRoll'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 '




controlled by the Image Capture Unit State Machine 97. 7.1.1 | nmage Sensor
Format Al though a variety of Inage sensors are avail able, we only éonsi der
t he Bayer Iter 20 array (CFA). The Bayer CFA hag r

attri but esﬁ%'%"ﬁﬁare defined here. The inmge captured by tﬁe&gﬁ\%’g sensor
(via a taking lens) is assuned to have been sufficiently filtered so as to
renove any aliasing.artifacts. The sengor itselfhas an aspect ratio of 3:2,
with a resolution of 1500 x 1000 sanples. The nost |ikely pixel arrangenent
i s the Bayer color ‘Ybi"ﬂae""“'ﬁ?"rs%?s?’ 8 with each 2 x 2 pixel block
arranged In g S s|shown In Fi g Each contone |sanple of R G
or B (corres] &s&?%d vaEEei—an Lﬂoﬁgﬁp@ggpcck: ey —-q 25 10-bits.
Not e that ea pix of the g’éﬂk(?mc%'ﬁ?sa{?%@ﬂ nformati on aboyt only one of
R G or B. BtimatR® of {he missing color informtion nust| be made before
the i mage cant®et2 prROt ed ofiForfinie BpdadmAD @EHISNUOMD1075 . 4(Q The CFA is
consi der ed tp13gy Tlogon sone Rﬂﬂvdmtbltﬂﬁiﬂérhm&ﬁbamiﬁ;ﬂwm@pl se (F N) suppression.
Addi ti gnal N = : y TequiTed 7. 2 COOROUP—TABCE 96 The | ookup
“table 96 is aﬁa%pi ng the sensor's RGB to a linear RE. It matches the
Li neari ze RGB BoPereE€&0My described in Section 3.1.2. As such, the ROMis 3
KBytes (3 x 1024. x 8- 5 bits). bi t addes om 1 h 1. while
tho 2 bits of PEefeesneiat vt mounlstemiel Snhod bR Tl P Rure it bl S
Machi ne $renoqahJorSiFagrentiyGResified grnt format ﬁrﬁej@a@ammaé staied, the amoupteof [pBRERI ne 97
gener at esensainitigintiist el dgéiarhdntdd G thé print ollRQA ciigbypthé cPU.Nt er f ace 1, and generates
addresses for linearizing the RGB 40 and for planarizing the inmage data 41.
The cont 5@ si BaRlLEELSINTERFACEB he | SI 98 informthe ISl to start capturing

pi xel s, stop capturing 10 pixels etc. The 2-bit address sent to the Lookup
Tabl e186 mat chahe pdrieldritérfated conhetts tiecPCRY3 todraiividhal etict eegtricdl analsF'ﬂIeCERlHa li nes

T d‘aﬁ%ﬁ’ cprrh 48 Gl R zaahﬁmﬁ‘?%g%@e“ﬁ el oF 0 (6 gobih 00
is true "-'b?"’t‘?'i'é?“ﬁ?‘?”@ W% on of the canera. The 21 bit address

sent tothelma RAM 11 is the for the inmage. Three 15
regi'sters hol d¥ %‘%ﬁ!??‘f'%‘h?“&ﬂ?ff‘%?‘@ '%' d’ﬁe'%f’ethe red, green, and blue

pl anes. The addres&gE 14) éﬁﬁ%ﬂémﬁmﬂhﬁﬁhﬁﬁre vvrl tten to each plane. 7.3.1

Regi sters Th HRS negi sters:  Table 15.
Regi sters I nf | mage Cepﬁnﬂ:ﬁerm t Direction Pins
15 Paper transport stepper motor Out 4

Guillofine 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

25 overall chip testing circuitry.



Name Bits Description 20 MaxPi xel s 12 Nunber of pixels each row MixRows 12
Nunmber of  rows of pixels In image CurrentPixel 12 Pixel currently being

f et ched QJM&GMRQ‘W 12 Row. currently being processed NextRBctjavhisioagldr ess
in lmge RAMto store the next Red pixel. Set to start address of red

pl ane before image capture. After image capture, this register will point
to the byte after the red plane. NextG 24 _The address in Inmage RAMto store
t he next Green p| Xe to start address of green plane before |Inage
capture. APt er e, 25 this register will point to the byte
afterthe green pI ane. WO 01/ 20549 PCT/ AUCO 01075 -41 Tabl e . I sters
in | mage Capt ur e Tohimage RAME1 s ysed te-storp the; capfireq imaog 4 le?ﬁ'@ag&dﬂﬁbb"éé"” Hevehage
RAM t 0 st OFRsh (2ditssex tellPbd.tBat fHeXrabge iSetainedaftet the powen taly twes sted ofbl ue pl ane
before image capture. After inage capture. this register will point to the
byt e after t he biThetotal @mvent ofmeméry eaquitdd ful the@lnparized linew RGR imegedn 1,640,490 bytes/ en

pi xel s q Smifed/SErollods: €ven rows / odd pixels 5 OddEven 2
Address gﬂﬁ?\%t?@ %ﬁ rﬁ evgr? pi xel s GddOdd 2 Address to use for odd

rows / odd pi xel§ﬁ9"15°9\f1°’ﬁ5roﬂﬁ bles here starts the capture. Witing a 0
here stopset he | gogsd xF0apIns000byles0) i s witten here automatically by the

state machi ne af eﬁ?&%ﬁ@%@g% MaxPi xel s have ben captured. In addition,

the | mage Sensor B%ai ns a nunber of regi sters. The exact

registers wll en UNI T
9 The | nmage Acce?ﬁ 'U'ﬁ?? L;% géaﬁeé;'%{rzr'ﬁea%"s“’ %]B?eea@ bé %@efﬁ%'%ﬁm& he

| mage in Bm@éﬁm&@"em L@b@ 1he GEY 10:40gs potrhayesdifesiyandoreaceess de thisimage

| mageRAM 1 inembA). Nvhist SccBssthd imagapitels vialthedmlage Acdedsdnlte read for the purpose of
I mage storage (e.g. via the USB) 17, or for sinple inmage processing. Pixels

coul d baowsgi t t enMAGE CAPTOREIUNITARt er the i mage processing, as a previously
saved i mage (|l oaded via USB), or images for test pattern purposes. Test

patterns could b%&m%@c&m&e ui.i’éodnmeﬁ memﬁh&nmemaa by mme@aﬂad@ﬂa.w a

he USB |.d I b
o the pPt RTERRReROn A P87 A abis ot o it ol 8 i e getr BREGH,
- I mage Acce$8 lingdrizesghe RGB, data vigiadonkemiable 96, and frally wiitew tha tinearized RGBimgasnit/fol 1, .
and RAM in planar format. The process is shown in Figure 33.

.74 IMAGE SENSOR INTERFACE 98
15 The Image Sensor Interface (IS]) 98 is a state machine that sends control information to thé
CMOS Image Sensor, including frame sync pulses and pixel clock pulses in-order to read the image.
Most of the IS is likely to be a sourced cell from the image sensor manufacturer. The IS] is itself

controlled by the Image Capture Unit State Machine 97.

714 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 100b samples. The most likely pixel arrangement is the Bayer color filter
aray (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.



operates quite sinply in terns of 3 registers as shown in Table 16. Table
16. | AU Registers Nane Bits Description |nageAddress 21 Address to read or
wite In pegpiély 20 Mode 3 0 = Read from | nageAddresst.pAgm}/‘ﬁbge. | =
Wite Value to I mageAddress. Value 8 Value stored at |nageAddress (if Mde
= Read) Value to store at InmageAddress (if Mode = Wite) The structure of
the I mage Access Unit is very sinpl €, 48s shown in Figure 35. The State
Machi ne 101 sig_gl f('Fjg_erfor_ms the read/wite fronito Ima?se% 11 whenever the
25 CPU 10 wri t &82 A Isiransidisend t peyfiomy same ameuns of e peftemnelsg (FBY) gyrpression. 4o o
| MAGE H BddiisnRAlFPNNLppréssidinmay nequdred. Hi st ogram Unit (1 HU) 8 I's designed to
generate histograns of images as required by the Print Image Processing
Chain de3@ i betoowurIABLESB 3. 2. 2. The | HU only generates histograns for

pl anar format images with sanples of 8 bits each. The Inmage Hi stogram Unit
8 is typically Thslkeokup tabiecdstis aROMIaappipg thetsensbi’'s R@B & 4 ineardRGB. litinsatabgs thes 5
are gat hefggie Rf%g f@%&ﬁsgﬁgrgﬂzﬁmd%&w@?&hzfds@ﬁd@&B'F&fﬁpﬂra%yi_é @iganag, the

results are ana er to determne . the | ow and hi %Q t hr eshol ds,
scal i ng P19 /bits ¢fpgdress some eom the 11 yhile the 2 bt f TebieSelert are gencrated py e Image
nor e i nf CaprareiUaits StatelMachibd®y. hi st ogr am shoul d be used, see Section 3.22.2
and Section 3.2.4. 9.1 H STOGRAM RAM 102 The histogramitself |Is stored in
a 256-enffdy RASTATE MACBNEI®7entry being 20 bits. The 10 histogram RAMi s
only accessed fromw thin the IHU. Individual entries are read from and
witten to as Thékriage Caphae Uiifs State Machine 9T AGHEratgSContrasignais fARING) IBRBRW/NI®3 The

State Magldrage 1 Qs JeRbra@¥Sadtedses ot AiéaRig R RESES ) dnk @ Bnb&rﬁﬁ@mé Pagedatads. It 1S

controlled by the registers shown in Table 17. Table 17. Registers in

| mage Hi st ogr anhdkintrol siandiesnt tBitHeISIOB Siifsriniie 1SNto sthfticagtiting pikels, 2dp Thpturing mber. of
pi xel 90t Q. qount (decrenments until 0) StartAddress 21 Were to start
counti ngp?“r’ om Pi xel sRemai ni ng 20 How nmany pixels remain to be counted

Pi xel Val ue 8 Aril3bifadsfbst fnfto iRUbALE Tabi S Ratiied b CaHHERL ind/bliRy lelifirdni g Val ue

entry fromthe |stoogram _
ISI. For even lines (0, 2, 4 etc.), the 2-bit address is Red, Green, Red, Green etc. For odd lines (1, 3, 5

etc.), the 2-bit address is Green, Blue, Green, Blue. This is true regardiess 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.

- 7341 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 affer 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 affer the green plane.




Pi xel Count 20 The nunber of Pixel Value pixels counted In the current his-
togram It is valid after a wite to Pixel Value. 20 d earCount 1 Determ nes
whet her the o glfagfeam count will be cleared at the start pfyAdasntinst ogram
process. A | causes the counts to be cleared, and a 0 causes the counts to
remai n untouched (i.e. the next histogramadds to the existing counts). Go
| Witing a | here starts the histogramgrocess. Witing a 0 here stops
the histogram process. A O Is witten here auto- matically by the state
machi ne after Total plapia15- ﬁ%%‘%dh'f‘?&’cﬁﬂﬁﬂﬁ%_ﬂ_lmlpmau_iage of the
registers 1s jmeet LghsTctal Pi er S W|th thgegc%a.lm nunber of pixels fto 25

rad)

I ncl ude i nihe—coun of St L €SS ddr ess
of the red Bﬁ’g%e %BrCc p'lee @ and
vvritea11otheGoreg|,trgﬂ,st{ egﬁgg pg ea tFIEI awdual
values in ge——hi-stpgramean—be cet-eri )J Wﬁﬁﬁ—&rﬁ%l Val ue
and readi ng YerEven, spof ﬂ"ﬁsﬁﬁf’\? f?‘}ﬁ"ﬁr ‘%{e'bﬂﬁ‘ SrHEAD. | NTEREACE 105 The
Print heag |EvesPodicel 2PHI ) AEGE“‘S"WWW“N’W‘Eh the PCP_3 |oadg| the
Menj et pr{ Oddkyven 2] @i t h |tAddreskotp use for dde rqws¥ eseadixeland control s the dct ual
dot printi hodgodacesF2 Thd Adbfless t6 use foradt foiMs / odd pidelspper for a nunber Jof
units, nan¥igy €T [ ViiRg & T hére 6L the capturd VWritnd d 6 kere stopsthemage ([0 T he

Menj et - pripthead, apd coricagtire. A 0@ writhéhheéteaufomaticall Kyt e Machiheaftdrg [ print.
a Print Geherator Upit (PMaxROEs of MagPixelsiiavechen gdpiireddn of nost of theg Print

Chai n described Tn_ SECt]O 9 as. Wel] V1 41 10 s of
produci ng test péﬁ ?%‘ﬁﬁ thﬁ'ﬂr@aqgcff"s?' |a§§ac§£§5| gﬁtngaelaumsneﬁgg ﬁ@ 3@? gxﬁfg
froma CFAWM‘"MMQM'M%BNFWGWM*B | mag- eRAM 11, and produces a
1600 dpi dithered CMY inmage in real tinme as required by the 10 Menj et

| nterfade B5. | nIMAGE ACSESSIUMITBGU has a Test Pattern node, which enabl es
‘the CPU 10 to specify precisely which nozzles are fired during a print.
The units withi nThéénageiAceese Unib$t producascthe yneansnfignthe rCRYf 10 togaasessrike infage irar e

progr amed jhageRRRA 11 QRUCPGthérﬂBé‘J Is ﬁ%h&ﬂéﬁﬁn&eﬁn ﬂfagérbﬁn i driatwhiapikels Bhck! f ace
‘is. shown in Figure 37. 10.1 Me ET | NTERFA 5 The Menmjet Interface

((j MtJ | ) 1g connect anxtBIB%od?JPe fefd zohﬁ\e%ﬂp&erbﬂmd!& BloRige EH? mahﬁh&dsa)ﬁgo&lfﬂlsmﬂe bot h
ata and ap ri ate 0 con Z an Irin

ot ot s e Rigosi. e B R loiqas ol B86F i it Brasefdl s mplev

‘Machi ne 106aved émagpi(lgaded via 8)SBhier mg¢a3fbn testpatiemepurposes. Test pattems could be synthetic
images, specific test images (loaded via the US_B) or could be 24-bit nozzle firing values to be directly

15
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
20 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

25 CPU 10 writes to the Mode register.



printhead | oading and firing order described In Section 2.2, and Includes
the functionality of the Preheat cycle and O eaning cycle as described in
Section 2. \odanrsh Section 2.4.2. The MII 15 | oads data ippAvhdiReR’ i Nt head
froma choice of 2 data sources: 20 Al Is. This nmeans that all nozzles
will fire during a subsequent Print cycle, and Is the stan- dard nmechani sm
for loading the printhead for a Prehegb_or Cleaning cycle. Fromthe 24-bit

i nput held in of the PGU 99. This is the standard
means of? pri n[ﬁ@gg‘ﬁ%&mhher It be a captured photo or test
pattern. The 24-bit value fro t} I s directl sent to the prlnthead
and a 1-bit 'A@%WE“H'E'BWWUF%W%SV?Q g e agngrat ofimages@E reauitpdof each
| i ne, a bylhefrintiokge Peetssing Chainudesaribedin Skalion S22t The mudrliy@ﬁdrbmm'BMsWI 15
must be §,taﬁ£rtf§,qa@,{,;gggwm§"g@°§%,@@a%hal ready prepared the first 24-bit

transfer " value. This Is so the 24-bit data Input WI|| be valid for the
first tr?nsfe(rjrnomta Pblrikh DRRS e PR bicd AR rent ot M1 15
is thegefore direct con t Ot Print ator Unit 99 and the
ext erndl SAETREREIRPS ngt%m'wgmwﬁ&m% iEegdhonaes ' |
Connect i meetermmﬁrmatnnadd mbls msholc%sm:m fedters ftgl fob usenig thaornmdncter ohibe pantt he
Pr i nt heagl,gess\¥ok Mrodelifiormation ®n Abw 8 Ridlogra Ghoulti Helidbd, bbe SbclichBRELS arldGebidh M|
15 The 5%5 mat ch the pin connections on the printhead (see Section 5
Tabl Prilnthead Connections Nanme #Pins |10 Description Chronapod-
4 0 Sel e;t %ﬁwq ¥v| Il fire (0-9) Select NozzleSelect 4 0 Sel ect
whi-ch no 21 flre(O 9) AEnable 1 0 Firing pul se for
phasegroup A 1 N 71 8 0
Cyan out put to%yggégrﬁmf%'pls ° e %%wk%sg%l&?%ﬁ'%%gﬁﬁ
Magentia Ihnpa@nt%mwﬂcaewfm"w@gl"ﬁlw 'W‘%@'@ﬂ@ﬁ%@ﬁ(ﬁaﬂww&wﬂm vay] 80
Yel | ow i ppuk qdaftite€:! | ow shi ft regi ster of segments 0-7 SRCock 1 0 A pul se
on SRC ock (Shi ft Regi sterCl ock) | oads the current values from CDatal n[0-7].
MDat al n[ @.2/] asthr¥Mcaine[alp RecisteRsAd08he 24 shift registers of the printhead
PTransfer 1 0 Parallel transfer of data fromthe shift registers to the .
print- head's rrnéaaﬂaﬁacﬁilmz‘mbmmpdaudm(emammmn Sectian £2.2.1.16s Ganaledeg- 1 0

A pul se %pm§%§g§esgmﬁplrgmﬂ\)md with data on

Table 17. Registers in Image Histogram Unit

| Name  Bits | Description

TotalPixels 20 The number of pixeis 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 PixelVelue pixels counted in the current his-
togram. It is valid after a write to PixeiValue.

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 O causes the counts to remain untouched
(i.e. the next histogram adds to the existing counts).

Go 1 Wiriting 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



Enabl e CDatal n[n] selects the sense lines for segnent n. Tsense | |
Tenperature sense Vsense | | Voltage sense Rsense | | Resistivity sense
Wense | | Y& bhihesgNse TOTAL 41 20 10.1.2 Firing Pul se Dyiidinbis
duration of Tiring pulses on the AEnable and BEnabl e |ines depend on the
viscosity of the Ink (which Is dependent on tenperature and ink
characteristics) and the am)unt of power4 avai I abI e to the printhead. The
typi cal pul se duration range to MIl. therefore contal ns a
pr ogr ammabMih Ayandavig,a ;i dhe ?%15?9@‘9' |9ﬂ§8>@0"°lb‘9‘ '?aééia'ﬁ'%ﬁ?k“‘P r"lﬁ'f’ﬂdf"ﬂ &alyes Bithead.
The tabl e @ifstofransan beldetenhined 1y wailiig®w255 td RixelMatue@hd eatiingthe carespondig RixelCoumtp| v,
and aids In naintaining nore accurate drop ejection. 25 The Pul se Duration

tabl e has 3p6 enpRINTHEADWINTERFACEP08d by the current Vsense and Tsense
settings. The upper 4-bits of address come from Vsense, and the | ower

4- :Ji ts of San: es ?h&gﬂméaaqmaﬁa& Qil-iu)?wg trFéC.’ﬁéle& tﬂérﬁp %oﬁaﬁ&memﬁach
entry is its r en XE in ue in the

The procg s&n 'Bl?eaaﬁé'ﬂ'éV'ﬁ&ﬂ%%fﬁ@%ﬁﬂ'hdoﬂtm%%}é e "F"grf’ ssji.hsaﬂq'\%h ﬂ'??"fff gure
39. The 25@rdpperdoriagivinberiofunits,inamelyi by t he CPU 10 before printing the photo.
Each 8-bit gpul Seanﬁﬂrﬂéﬁdté?@oee(%f)% Ium.chhsns#e?ba& eqmné}ﬁa rintRSald St 6ftls the

settings 5 Viscosi curve rom the. QA Chip) Rsense Wense

Tsense Vsense ™ °f"%9-°158‘fe“Ei§de'E'§aﬂ5'“‘The MJI 15 maintains a count of the
nunber of @ots ofa Pastddeneraloouniti(PGU)XD9fis apvimpléreentatiomofmaathbf the Prifti@baiol descatmedin  f or

each color Is a %gcuﬁhhz\bi"l'pﬂfezd M&l'a@%ﬂvh%gﬁ'r&éﬁ?&p%@&ﬁ t&rtﬁﬁﬁﬁéofhe%ﬁm'

Each dot count can hold num cover age dot count o

I nch I nts,
a1 though | 1 Ly pi P & EaEASEed Ingar AB coaf Fomy e G AJE LSRR R e B
each print. Wil eRAM ttthandi preduces| a Eﬂbmplodjtherpd Glsnnfomagetlhmmasrwlgwedcbwrtheal ns

both paper and i emyek interiiice 1‘5%98‘&-066%#&@% Sredt BB Fide, Which birdblds FRAPU has
Printcam product can

| bl k-onl
20Lﬁfdg\?\gét hg gnnﬂﬂ???spé?Cﬁ%?'fﬂ”ﬁ@?%ﬂgzzgéﬁ'&%mdﬂ@"'ﬁapﬁ'ﬁber (stored In the QA
el abi e to pri AHePIEVHELFS gﬁpﬂf%?"r?ﬁv?"e" BBl el SR RodhRRLa by e

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

10.1 MEMJET INTERFACE 15
15

The Memijet 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 16 is simply a State Machine 106 (see Figure 38) which follbws 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:
s All 1s. Thls means that all nozzles will fire during a subsequent Print cycle, and is the s’tan-
dard mechanism for loading th_e printhead for a Preheat or Cleaning cycle.
. From the 24-bit input held in thé Transfer register of the PGU 99. Thié 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’ confrol pulse is sent to the PGU.
At the end of each line, a 1-bit ‘Advancel.ine’ 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.



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%&0950@@ to predict when the ink cartridge rupsr ﬁ%“m@% | nk. The
processor knows the volume of Ink in the cartridge for eac 1! and Y
fromthe QA chip 5. Counting the nunber of drops elimnates the need for

i nk sensors, and prevents the ink cha els fromrunning dry. An updated

drop count is fter hotqQ will
not be print ed%%’s@ 'ﬁ'ﬁ%’?&“ﬁ ‘géﬂﬁcfﬂ'g'ﬁd ’l"?gﬁ'?‘i’gat%{rqnﬁ\xg a?‘ﬁ‘gg ? to
change tlpﬂnﬂheauzwhehanlctstrmreisrsgovmmﬁmrdw photo whi ch nust be reprinted. The
| ayout of the dot counter.fwor cyan I's shown in Figure 40. The remaining 2
dot countend Cofnetiloms td PraisbadDot Count, for magenta and yel | ow

respectively) are identical in structure. 10.1.4 Registers The CPU 10
conuni cat es withéiMiihié Hel the f@llowing cannedignsstb dhve mwietheadT2; avith ¢l sehseraf inpltlapdv t he

CPU to i
or ogr eg's SABE Vil E5A 00 e HULIE TRRaHES aBiit B Bl SRR A R eotolish . ¢

cont ai nea “in the MIl: Table 19. Menjet Interface Registers Register Nane

Description Print m!@ fers The nunber of transfers required
to | oad wwﬁ{eﬁdyﬁ his s the nurber of pulses on the

SRCI ock pndnake nu n‘ﬁahsof yot-bi t data 5 val pestripwont r ansfer for algiven

l'ine. PUulSRGHEsS Q& FT XefgPOt rgelmrch,rogﬁﬁgmrﬂpg@g yLne aurarton| of a
single pJgaecton tRje Col -] or Enjabl e |i nes ation range = 0 - 6 b: NunlLines

The nunt),,\‘k,#‘.yﬂ+ e graPrTt byu es’elécﬂur%ﬁrnb‘ﬁe’ﬁom ravis wrﬁéw@__gs e |-'r| St at us

The I\/ErT] P Ha-ergee—s—Satt Ea S oLC 1 ||Co|\c Bt rg—Te ater of |ines
remai ni n 1“?'}? hn P4 i\’lnf ed j 5 i : A S
NunLi nes| BEealst eddRenni N Tt g/plsg fopphe enmi ni Ng bre t he

Pri nt heafiCPalalp8iki|@er ed [ @0 i r@anemwwmshmm-%qmwenw% Oﬂ val i d

whi | e GofMpatampse $@gnent | Ghe [AMvdgehta inplticemagentp shift eegister ¢fisegn@pteio-7daf a | i nes
during a waaﬁm?rte Teed obaqwmﬁ&kwmmmwﬁersegmmdq of the 8 bits
shoul d bg bck COTTE=S TR dpzzles If .
non zero 24-hit val aadDots

into the 24 shift regsslers of the pnnthead

PTransfer 1 o) 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 1 Temperature sense
Vsense 1 | Voltage sense
Rsense 1 i Resistivity sense
Wsense 1 ! Width sense
TOTAL 41

10.1.2 Firing Pulse Duration

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 ps. 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.

25 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



process is all Is, 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-bigo¥idos® Witten to the printhead cones from t herAvewhroEener -
ator Unit. This is the case during the actual printing of the photo and
any. 15 test images. Actions Reset Awite to this register resets the
MIl, stops any |oading or printing pro-_4gesses, and |oads all registers

with 0. SepseSeqSel ect . ite to this_.reqgi.ster with an | ue, dears the
ok pEongs Eamorty iy 8 i, s mpfestrls & it Hoidtylye W he agRlor g né rdbs
Sens e Se g Se beneratihg the AFrfableland BErmtile lingsdexbown inffiguer3dnt i ngDot s status bits are

all 0. I'f any of the status bits are set, the Feedback bit |s cleared and
not hi ng nore |s dbmese-tgiecteble irowritien by dhe GRY, 4@ beforecnsinting\ike praiay Epehs8-bit pulseh e

val ues ar e airhim ety ifthe tBR cdMBiRgEE, Vsense, Rsense, and Wsense registers, and
t hen the Feed- Zgg&@_‘%k bit of the Status register is set. The feedback

continues dQuring S$$89%%uent print operations. Go A wite of | to this
bit stargssthe Lyiascdsiyairve oPink (ibiddttesQAQup)Es. A total of Nunlines lines are
printed, egch co i.pi ng Nunmiransfers.24-bit trans- fers. As each line

1s' printed, LinesRemaining decrenments, and Transfer- sRemaining is rel oaded
wi th Nunilr &nsf er ¥WseRpgi n. The status register contains print status

i nformati og. UpoRsdnedpl etion of NunLines, the | oad- ing/printing process
stops and the Go_bit is cleared. During the final print cycle, nothing is
| oaded int8 the ¥t head. A write of O to this bit stops the print
process, but does not clear any other 25 registers. W 01/20549

PCT/ ALDQ.01818 JPetCoumts Topl e 19. Menjet Interface Registers Register Nane

R e
set. Conse{eedrt cguntifor gach icdorg$ a@2-hik valweo indivifieally cledrerbutideciroces®e cantrol Reawtl don| v
feedback szou-ﬁﬁé‘dﬂ%ﬁldfartﬂéﬂrﬁtﬁ?c&&ﬁ%e doR BRASH 8SBUIRR brits) !aﬁﬁ'ou?@ﬂttyplca Js&eS i &BIN
- Sensesegrre%dntvlviibeorglat}/an\é%lelarceid Ial;er eahc% prll?net.edbaC kvalid bit of the
While in the initial Printm_m product, the consumable contains both paper and ink, it is
conceivable that a different Printcam model has a replaceable ink-only consumable. The initiat
Printcam product can countdown the amount of millimeters remaining of paper (stored in the QA chip 6
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 6 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 MJ) 15 via a register set. The registers allow the CPU to
parameterize a print as well as receive feedback about print progress.
25



Status register is set Vsense Read only feedback of Vsense fromthe |ast
SenseSegSel ect pul se sent to segnent SenseSegnent. Is only valid i'f the
FeedbackVab gk Of the Status register is set RsensepRpagodiihis f eedback
of Rsense Tromthe | ast SenseSegSel ect pul se sent to segment SenseSegnent.
Is only valid if the FeedbackValid bit of the Status register is set.
Wense Read only feedback of Wense frgmthe |ast SenseSegSel ect pul se sent
10 to segnent SenseSe rrent Is onl vaP| d if the FeedbackValid bit of the
Status register The ol ’é@ ‘iM‘f'y 32-bit count of cyan dots sent

h head
ot T, N, SO o e b e

pri nt head. R'EbleteMHm§ bt at us Regl ster i s pestfiptiont register with bit
I nterpr e‘?hﬁt‘fﬂn%{n | UWb IdUI g 20" IVUI D[ arus Hegl S[ er Narre Bijts

i Lol e

wWith the Hﬂm?g%ﬁuud& mgrﬁ;ﬁﬁ
| deag t he I\/IJI is no
&t eV printing
fets 1! %'ne gu}ion o slfcﬂ‘l’e Spﬁé&oh?- bo',xbd-nabl o

b
Ml | S cyeren =16
dots. Pr{ft 'F?Pd'?ﬁ'iddThl $ 'F m
line PrattrgB—21—Fhi A a—pt-se—onr—the—Bfnabl e
|ine Fe 3”“‘2} ﬁql i (‘l. 1 ?"!-'"}QP'} o8 Hpt%lﬁsl %pqyfﬂgn f nnrlhr.\rlz val ues Tsense,
Vsense, |MonikdrgihePrinhd Wense are valid. Reserved 3 PrintingChrénmapod 4
Thi s hol ¢i$tatise cur r ent TohMemistnterfabels Hlatus Registerwhi | e the Printing- Pots
stat us Dbl LinesRefmgihing Pr | Mhe rugribeot lires refaining to beqxrinted. IOy validwhiBo=10z z| ¢ bei ng
fired while the Printia@akHngtaiueid RimiineBi t is set. 10.1.5 Preheat apd
O eani ng ["orrdEsRomind T The msber B raHaors roraling beford the Prinfiiead s Lansiagreg c PPl i shed
_ l;;éT}sit&gb 19,9?Ep"r_opr| at B.ogeglf&weamm,.n'ae@m kee=f1 WO 01/20549

T | DW
%I ng?ﬁe case ck Iﬁ/ar g ‘Tddé‘bﬁﬂn%%‘xh n'data lines dlring'a s&BsbélEhtfébd—

duration faitlpulS®) @ty 1OF thé 8 bits should be set, corre-

, spondmg to one of the 8 segments.

SetAlNozzles (f 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 : o :
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 heen 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 prini 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.

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




an appropriate drop ejection duration for

t he nunber

wait for th

| eani ng node. Set Nunli ne

s to be

of tines the nozzles should be fired Set the Go bit and then

Unit (PGQJ) 99 is an

G dekdo t0 be cleared when the print cycles hacavsmwwmops eted. 5
10. 2 PRINT GENERATOR UNIT 99 The Print GCenerator

| rpl enent ation of nost of :tthe Print Chain descriked In Section 3.2, as
wel | as providing a means of producing tgst patterns. Fromthe sinplest
poi nt of view, the P pr.o. |de§ irrlfe | rface between the Image RAM 11 and
the Menjet 1nt er f aceleple 19, PW'&gfﬁ 41 The PGl takes a planarized
!iingeg; odRﬁ olﬁeai%,@pgamgr pm a CFA format capbhgcﬁ ﬂa,mage fromthe I mag RSMb

| ( ot u,.u Ry F P otCOuht 1Chd gf YOOI UT T (S Yy
the Menjet FHP'@P‘["E%e c%ﬁ% Iﬂﬁ E’%&gi\%ﬂéﬁ |bt:’§é Alivy Mode,
whi ch enables the CPU 1 h nozzles ‘are fired
during a pHept—y7Fhe—MH “rc“ t Ye P& 99 vvr—t—h—a-lﬁe:d'v-a-rrce—pu-l-se once -
the 24-bit 4 @’%ﬁckhnon us f%’ s e pubse s the e t he
line. Thg PEe#ns® has 2 i Mee adiohtper ?% F‘ﬁﬂ Pattern
node, si?rp y reads dat s ‘ s’@ ANt s QBlY Mol T :8‘3’"‘* in a
buf fer read a fa g y of
Print Chain F?i‘ﬁ%tlons ($ %F ilg. 18
15 containg the functlo 1atus ﬁég'? %&F"ggvﬂ'ﬁﬂih dt}ag mage T MWhite
Bal ance 62} -Rahge— : WM ReR ?& to CW
66  Up- I n{Bspfate 67 i %Fﬁl’g' “ @ 99
contains all of these f %V "‘foc 5?& rt1 fe 'her tatthl stlics 60.
TO perf.orl‘nfhr\ f"rﬂ- hnv- w ho CDLL 10O oo g n
Hi st ogram DWYE™8 three {| § g ?gﬁ?vgﬁ%m@";d eéﬁﬂm yeh sorre
sinple abgorithns. The XY hor s e trons are t n 25 the
PGQU 99 for Heasons tH vaul d be
{00 much megRSwo xﬁmmntanAhW#ﬁ&“w%)%ﬁm?. g L mere i d be
image at hi MPofouty acy 5‘?&’%‘Mob‘t%%%f&?@e’ﬁa%qtﬁﬁ?f‘ggﬁﬂglﬁ"’l‘ﬁﬁ(dannnt kdep up
wi.th the r¢XDolCount hi gh| feadenixR2-hitiecunt ofiyeliowaiotyisent tet theyprintheptb ad 2.

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 MJI is currently loading dots, with the number of dots
remaining {o be transferred in TransfersRemaining.
If clear, the MJI is not currently loading dots
PrintingDots 1 if set, the MUl is currently printing dots.
If clear, the MJI is not currently printing dots.
PrintingA 1 This bit is set while there is a pulse on the AEnable fine
PrintingB 1 This bit is set while there is a puise 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
25 The Cleaning and Preheat cycles are simply accomplished by setting appropriate registers:

SetAliNozzles = 1



The PGU 99 takes as input a variety of paraneters, including RGB to CW
conversion tables. constants for perform ng white bal ance and range
expansi on,weehaRef actors for resanpling, and |nmage accessRad@pRt ers that
allow for rotation. 5 The two process chains can be seen 1.n Figure 20. The
nost direct chain goes fromthe Imge RAM 11 to Buffer 5 via the Test
Pattern Access processl110. The ot her ain consists of 5 processes, all
running in parallel. The first process 111 perforns I mage Rotation, Wite
Bal ance #nd RA&RAe PulssRMrtionfegistes io either 3 jaw dyragienindiheicase of thermhpat MRER) SRS i ng.
The third proceﬁsp&@naeafopemmmbp&nu@mgmefourth process 66 perfornmns
col or converS| n e pro 11 i nterpolation,

hai f t oni ng, ?%'f'@‘ly' '8 esswlgtbﬁﬁ'glgjesses are connected
via buffers, oﬁbythe @ofDEmd)iyte'ewaintmsnbtm graredoder the pramtdydesfhave &ank-obyt es
for others. 10,44l OOk at these processes and buffers In a primrily
reverse order, since the timng for the printhead drives the entire

process. qpigm NEgint BenENTbk ONIT@H Processes and buffer size requirenments are
t hen re apparent. In summary however, the buffer sizes are shown in Table

21. Table 21. Byfpmk e&ﬂm ui.@(fsagm& arﬁﬁgﬁ?l?ﬁt&ﬁn H%Jst of e PAnt Brbih BéschitRyt €S)

Conposi tion of Buffer lines of 6 entries @

10-bits dLRagtanpe2, asy taggrov@ggg\g?é\s apin "?‘feﬁ‘és of 6 entries C 10-bits

h 45 byt B =131 lObt = 97.5
ggtces Buff)éregmﬂ'z%%gp'p'ﬁs?mwl"gw nelgaofpmlfdes gr}& '%SD Jt?‘ﬁ Fﬁﬁgéch = 12
byt 60 5 a0 MamietItedare 5.8 ShoNS It Tigus 41T FOL takaspibgen 'F‘P%!rRQ? optatned
col or s( RGB)w a@ﬁfdﬁh&t&amﬂma&ﬁ&rﬁﬁe ihageRAM] Bndpréduteaiai668\dp) ditserbd v Bkags . 1280
cont one P tlme %é@%&ﬂmﬁ%ﬁmf{?ﬁn%&oﬁ tt?iePBbtga h@a?g[?%tlt%vgmt 4 Apar t

from aondnBber ocesses have T ookup
t abl es OIWh'OhﬁmDIey %ﬁ&ﬂ%ﬁq@ecﬁm@g@e%w@cﬁmit Arecied ‘W“"ﬂa!)P@'t ohe Mlfbe 22. -
Menory r @rwidéshePGO 9ivith b AdVahtelPURE Orice aite 245its Aavellidéri used)\the ap A@RRGALAERT | On Of

Require ite Bal ance / Range 0 25 Expand Resanple / Convert
to L 1, T@@L‘%"lﬂﬁr ne{ﬁ‘e'\égch 64x4x12-bits Sharpen 0 WD 01/ 20549 :

PCT/ AU@’ 01075 The PGU 99 has 2 image processing chains. The first, the Test Pattem 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 Stalistics 60
L Rotate Image 61
. White Balance 62
. 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



-50 Table 22. Menory requirenents within PGU Processes Size Unit (bytes)
Conpositi'on of Requirenents Convert to CW 14,739 3 conversion tables, each
17x17x17X8- Rid 1720549/ Nt erpol ate / Halftone / Reformat 2, SOQLQyAmeﬁ,]erII
50404-bits Test Pattern Access 0 5 TOTAL 18,391°¢ 10.2.1 Test Pattern
Access The Test Pattern Access process 110 is the means by which test
patterns are produced Under normal usgg._ci rcum;tances thi s process w |

not be used. |t nosti ur poses. Pat t.ern
hocess 110t borbhe Ailfpimbon ioh sRdRG, sndesBed B55E  silf ceG WA BINEDS
Buf f er 5 1upwittothe aktimethighspeedaetands of theé Memjef piiotead2. does not nodify the
8-bit values in any way. The 10 data in the Image RAM 11 woul d be produced
by the CPU 10 usiThePEW9 takeg@s Anppbe yarioty of paramptess, dngluding BG8 to (G sapMersiorRAM
11 is read tdoidsoNdinks f&*ﬁaﬁ&rﬁmwmwwaﬁdme%an?mpmrm fRF Fesdhping/akdl O
descri be the test data htﬁt @ Jé ald ress of the first byte, and the number
of bytes. W@ﬁ"ﬁeffepaéﬂ'ﬂfte& TREIAEHE" reached, the data is read again from
the begigning. T tructure f th est. ‘Ba |

t}g% mce S c F\ Ee -sreen I’Prﬁ T‘n% m%i% reltj:p Eﬁa)&ll %Deg él% %p% 110

I n Flgure 43. As gure tern
is little image RAVAM mmgs@ewwawmﬂvwhe@mw@m copgitls ofi & h

$ver yf AdvWaraFoaédsE &Elaﬂuﬁrﬁﬁﬂ in phral, gﬂa tmafesh 4 A Geriomb Yrhepe Rotaﬁ&romctesauawe and
ransfer Wit eEnabl e ads Rbmé D
Advance pul sf"ﬁ J")&a%?&%"?é’ r?)cﬁfss gzn%qﬁtg m%rgér%'ﬁém?/vaﬁ'tg @n’a e e

gi ven, the shasmln& thg/fowdh prpassy @H?P“Ofaﬁ@'?m"m?" Thecfingk procasml 18, Pe’f?ﬁ“§ the up-
]g:onti nUﬁs wmrﬂadnaubrnﬁaMiﬁame kefdRating fordthe ;whﬁf THPFrocesivs afHd&ﬁt%%ﬁdh Agggm& afpai n

rom the r tes, the ress

Gener at or %%"@P ?’Vgé"esz’% %tggégﬁdba kv ?ﬂéﬁgﬁ‘ 9’0% | mmgeRAM 11 and writes
themtoi®uffer 5 ' 2 f It
address 20 O, thweqoog}? ﬁf’;el Jr&tessg?aaﬁébu*%g F‘ 8 dnﬁg}% FJer@é‘orEé} %gg “fﬁ]gzorgﬁét)he
third I's welinthesd drivss thgrentire pmoess. -GUpings farRarticuer Wssﬁ@dMH?’égg "GB'FFé’PeaF@fe 119
-t hen wai t s tHed moferappaterd.iic summansioweadr diecbutferi sizgs srashawareTableing agai n. The
-addresses generated for the Inage RAM 11 are based on a start address and a .
byte count as showntable 2fBufter sizes forlyint GeneratppMpit Patt ern Access Regi sters
. Regi ster Nane Descii ptioj 25 Test ModeEnabled If 1, TestMde is enablegl. If

0, TestModf IgumaPt |qBgydd. WO 01/ 20549 RéGhiphsiaoh oidlFRr - 51

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 fram 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

Unit (t?yltz:s) Composition of Requirements
Rotate/ White Balance / Range 0
o5 | Expand
Resample / Convertto L 1,162 | 3 kernels, each 64x4x12-bits
Sharpen 0 )




Tabl e 23. Test Pattern Access Registers Register Nane Description
DataStart Start Address of test data In |mage RAM DatalLength Nunber of 3

bytes in twshisdied The followi ng pseudocode illustratesprbPRAuadfihass
generation. The AdvanceLi ne and Advance pul ses are not shown. 5 Do Forever

Adr = DataStart Renmining = DataLength Read Adr into Buffer 5 (0),

Adr-, Adr+1 Read Adr into Buffer 5 (1.)53_Adr:Adr+I Read Adr into Buffer 5
(2), Adr=Adr+1 Repmjni.ng = Remajning-1.10__if (Remaining - 0) Renmaining =
Dat aLength __EndDo %“I%"ﬁﬂﬁ"’i'é%“ﬂ 8¢ VW‘?LPEJF'P[‘?(?ESSC?’U 10 to_ensure that the
data is geani ngful for the prinltrgiﬁd 2. Byte 0 is the nozzle-fire data for
the 8 segnments of amaan (bit 0 I (epesygnt O eCompositBnioERdquirsmédte sane [f or
mgent a, | BeEGHNZ TOT_ Vel T O | Fl 7T T oReden atits, oeth WA gt 0T 00/ even

i Xel s se &t . +o—or-i-zjor 1 Z - purTet T Bdf fer 5
I218 hol d \E%t:’pﬁgte‘fl“la °"gf§%f?%ﬁa¥ Ho "@0‘ L?em?riqfeg’%.ﬂ’ﬁe \g?'ﬁgeneraf c gndpr :{;@ss

Buffer 5 a24-bit IshifPlregister to hold dots generated one at
a tinmegfr®TAlhe UHRU 113 (Upi nt &3ljat e- Hal ftone and Reformat Unit), 3
B- bit req'{, t'erﬁwa‘golg:tgse data generated fromthe TPAU (Test Pattern
AccessUni ? ang a2 pre register used as the buffer for data transfer to

the Ml _(Men] ety 20} B tgg.i%-pa A8 ERE Tl iJh?SQthWguage %,g@l@egd.the

24-bit Transfer regrs ) 24-pbits, erther fraomt :
r egi st er $ngar nermal usergisumstances; this pracess wifl potbe psed. Itinpimaly for diagnosticpypesesct s as a

doubl e bufferipg pechani sm for the generat ts, and _has.a, structure as
shown in Fi gur(gg‘ﬂ]ﬁst %?.Wﬁﬁ(’e’f’a"lf%ﬁmﬁﬁ.% gﬁ”fl"?"’%f"&?%ﬁ@“?ﬁ'ﬁ%"at ed
CMY i nt etoBulferf H18fer oubpultte the Meinje8 Dierface) It daes inotTeodifyrthe 8-bit vahips Budny way.Jhe s

gener at edal theIfa 106U e prdaliced bPHE EPUAE usii the RBGEARER UK e ! he

Up- i nti@r pol at e, | ftone and Refornmat process 113 in order to generate
out put dots foirné bta PsaldToRY Imalf¥ORAM A0E 46bdFR°H venOSimPd Wvidparournifashion. Two

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 2~~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 by_tes,_ _
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 Advancetine 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 0O, the next is written to Buffer &'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 41 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




The size of the Contone Buffer is dependent on the physical distance
between t'he nozzles on the printhead. As dots for one col or are being
gener at ed f Qyo Mipasd9hysi cal line, dots for a different cole@mAumedodsfferent
| 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 |igjes per color. This concept Is

expl ai ned and the di defined In Section 2.1.1. 5 The practical
ust)hot is that_ther p"s"lt"g’r@%’?éﬁ*’m Fosps-Registers; gh-res dots from Ee even
cyan dots thrioughgish Namgenya dots to thepgstdiphied | ow dots. In prder to

mnimze gener LT T8 e et S Gt TSt rTes-contohe pi xels
that generate f”ncen Lah.rac S?B?dgrgsc\smggdgtanddﬁ i f aor 4- Sirn:e the ratio

of nedi umres | PgEkength b, gh- Number gt3byfes intestdata -1y odi yimres 1lne is

sanpl ed 5 ti mes Théfolng pSéudbdae Mibrattdthe hdtiresp géreRMias TIRS Advatickigiie dnd A@dance\e
are only concer ned gy{oth I dinension, so only consider 5 dot |ines com ng
froma sgn&'g M Mre. . The di stance between nozzles of different colors
is 4-8 dots (depending—onMnet—paramet-ers)—e—therefore—assune 8, which
gives a 10 separb¢ Fepevedi st ance of 16 dots, or 17 dots In Inclusive

di stance. The wor siarCassas8getari o Is that the 17 dot |ines includes the
l'ast dot line froma.QiXfD RiX&lgehi Ne. This inplies 5 pixel lines, with dot
| ines generated as ‘Jimm:S fr1. & dAg_I_JImQ_y\]r_s an increase of nozzle _
separation to 10. 58985 0P THEY T & cHnTohe generation process witing to
t he buffer- does nokeaf ddeipter Bthgn f Ah-nddrefsF+yener ati on process readi ng from
the buffer, we addrean agxtintp Pafterusizlocrdceamig+lper color, for a total of 6
lines per color. lRemdid@ndOmemiginguffer is therefore 3 colors of 6 lines,
each |ine contai ni ghg R’%ggmg-pio; contone values. The total nenory required
is 3 x 6 x 1280 = 3(54 tes (22.5 KBytes). The nenory only requires a
single 8-bit read pe‘fe"%j%%ef DAREM ™ ngl e 8-bi't wite every 25 cycles (each
contone pixel |sEmPead 25 lines). The structure of Buffer 4 is shown in

Fi.gure 45. Buffer—2 Ttam be Tpremented a5 Simgre cycte doubte access (read

and wite) RAMrunning at _ the noninal speed of the printhead dot
‘generation procedds heesponsipiyofithe GRU0 e engurednatihg Aoty i meagjnafy for thg printhead2; 1,
only a si n@ye oOnistheinozzle-reidhte fox thedsegnits of yyah ¢oit 020sefiuérit @ kic), Byt 19€the samenfoi t €
(all 0) bef r el teafdl j '
Hal f t ong g% gs}ﬁéﬂg g??g‘ta éngf;%H?'n?"g{nh%\l ste ﬁoﬁgﬁ%gmulgt ?dr?{% éﬁ%ﬁf%ﬁgﬁlﬁjﬁy Q1ne,
and Ref OF miPrizeial dpkinert or t asks 113 are defined as separate tasks by
Section 3.2.8, Section 3.2.9 and Section 32.10 respectively, they are

| mpl enent ed0-22s Buftar§3p® process in the hardware inplenentation of the PCP
3. The input to the Up-interpolate, Halftone and Reformat Unit (UHRU) 113
is the contone fﬁﬁ%&f#@ﬂ“‘(’BE‘Fﬂ@?e@f?" dots;frorg fhe-gnfife figint Proestian rrogess;| ¢ ow
1280-res (iconsistsnefda 26-bit rshiftoregisteroto) haldreote .gefiérated oné @bita nse from cdhe AMREM 418 t

val ues In 146 FibincHe 4R RGMBEURY Efe-the:?iskb?s WYROY b okl héilefaGromind AU
subsequent 01/ 20549 LEﬂC{é@UOO ?5 -5

Q10 outpyt to the printhe Vi a
Bt 1 oo 1 ATesk e Ace sty 8] 4 26 b remites e dp oMy o O Hapefe jilhe SHIMERE 1 o
t he 20 Interface). The Advance pulse from the MJt loads }he 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.

1023 Buffer 4117

Buffer 4 117 holds the calculated CMY intermediate resolution (1280-res) contone image.
25 guffer 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.



24-bit shift register in Buffer 5 118. The control of this process occurs
fromthe Advance and Advanceline signals fromthe MII 15. Wen thé UHRU"
113 start sygpnifyd after each Advancel -ine pul se, 24 bi pgrapfodipRduced, and
are docked |nto the 24-bit shift register of Buffer 5 by a
ShiftWiteEnable signal. After the 24th bit has been 5 docked in, a
Transfer Wit eEnabl e pul se is given, apg_the next 24 bits are generat ed.

After this, th UHR sfor th Advance |lse fromthe MIl. When
ARRIARIRR WUt IR AR B A A AL I
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e Lot b aretine fom s RHBIRG ot Eneyen, s o ARt vput ods aSe Alfoept ings bR . 4

The Hal f coloreThiskcepds exptiined ariddhe distancésaradafipdddn Seciort2.U'hsi gned conpar at or
120. The two inputs 10 to the conparator cone fromthe Staggered Dither
Cel | 131 and Bhé¢ practidal gpistiot isTthad theredea giveinalistandeds kigh-res Hole forathe eyen eypedoted t o
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o or ) o SpOERD BEpr b5t Bl Bk Rl Shiel 5 B medliul Bl 275,
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or i nt head® ey B 5H 1 HEBRREL A Bl b Fsof IR LA O L0 1% i s
evenly into 80§, efddfasfil te tohtinePgerbritin p%@és“ﬁﬂﬂ;tb'ﬂ\etdﬁﬁer(ﬁﬂm infeRérk withT One .
o1 i des e doLAPERleR rFESee reatip rom s R PR B n X otk o B S0 B e
posi t i on total ot@ipesttiet éobor. cel | can be used for different colors due to the =

fact that 20 different lines are being generated at the sane tine for each
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This continues for all 19,200 cycles in order to generate all 19,200 dots.

The Hal ft one URHHer ¢ RBhe ipriamented 4 singls qyele flgybleapress(Rpd ARLWHIE)ERAM faningghi ¢ h
-causes t e nowiitlal eped oitivepriathesd dotgeastetion prcess, ot ¢an ba implemeoted as RANNminning 4% er

cell. rfal—% t@,gg@f@g[)ggbg%&%sg éregeid, S SO called because it differs fr.'.om

a regula er ce havi ng t e odd and even lines staggered. This is

becauge we geneﬁﬁe.se&do@m(ﬁw&fmmk@nsﬁk@ﬁmw 01/20549
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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 lmplemented
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
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

25



-54 frompixel 0) on different lines, and saves the Address Generator 122
from having to advance to the next row and back again on alternative sets

of 24 pixel syo fi/fasdo€ 25 shows a sinple dither cell 93, anccriobfazsap it
to a staggered dither cell- 121 of the same size. Note that for determning

t he "oddness" of a given position, we nunber the pixels in a given row O,
1, 2 etc. The 8-bit value fromBuffer 417 |Is conpared (unsigned) to the

8-bit value fromthe 5 St ere i t her 11 121, Jf uf f er 4 pixel
Value 1o oPuRiE e Hahest VR BRTS (18 TRa* BrIpH B e yererplsh 1 bS5 oo o gy RS
out put to tLhbitshift registerdbyBffees 18 Buffer 5 118. O herwise -a "0".bitis output

to the shift register of Buffer 5. In order to halftone 19,200 contone
pi xel s, 19, 200 cdhe conbrolof this|pecessoccuprcframethel AdvanceTand Adyricaling sigtaisearmithe MJUni t

ot Fobtl ol o8- lihnd G | BFRGE 3, okl SaH GRS MM blpbude /g are
for readi né‘.""‘@ﬁ e gf-bi %@F‘?gg#ﬁ' B{&hﬂﬁg’y a%bﬁﬁ*ﬂ%%aﬁ'béeosiqnﬁla&g( ﬁgigﬂ Eip'é%s een

gener at i gn clocked irne TainsledVriteRakbie pidse is piven, endthe yext @4 bitOargigenetatet: After itm ke at or

wrl tton. TECRO, B wie X the KBRS SUNCTir! o M e In6 nalihog Bllsd s, HECT

Whi te (o grenpR okt bulssigien s BYaES 65 pitod 24 B S B bifie afing

regi st er wiapdin.dm practicegence shedfirétrAsivance palse iscgiveo.nsynchronizationi has egaureg and futwre of

the regi st Qvdnde piisaslwil ScctFdvefy 24 Wtles thefiaftidrer |ine will be read to
- effectively wupinterpolate the color for that particular color's odd and

even pixels. 3 piKelplaepaas) HalfdheardFRebrhat prodéss Bhritid BebAlin Figliles@Nt pOSi tion
“within segnment 0, and a single tenporary counter P ADR (pixel address) 15

is used to of f setrhé Rélfonk Bsk is @ndeRikah BEthed simplg BN Utsignbdicomripanamr 120t Theitwo iaglds ess
gener at 1on ' o D Iy I ' Ot Shown
o Tabl o 215 B4 ehfiisd ol v ing Sl itr a2 Cpnd Bl f OIS G el Boed
Name Size Velyew7rsripseptegfo the Unsigned Sompargior 160 gidptemingd by the Asidiess Gerneratay States
bits (3:3) mabliperz aibitth ebsudes that (id: adjiress¥e intodtid-v280-rés ibadesmdtch tBy segiventiotientelll 6
bi.ts (3:3). : ' e € ' ' ' ow

PADR L bi (o e épﬁséﬁﬁ&%ﬁ“%xgﬁfsé g %ﬁt'@%‘*ﬁﬁﬂpm hirgioe biiedeiiiq |
25 The i ni Ypantemaiatige.and Raformattingfortrinteptasks; Rather dign simply acqegs anyentifalipe ataime; ot

- distance bathighaesolutichy drefthen 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 ail 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



(remenber that the fractional conponent is effectively a divide by 5). For
exanple, if the odd and even WO 01/ 20549 PCT/ AUOO/ 01075 -55 out put’” dot s " of
a col or angospmaet ed by a distance of | dot, and nozzl egrQAlgeséierscol or are
separated from the nozzles of the next by 8 dots, the initial values would
be as shown in First Line colum in Table 25. Once each set of 19, 200 dots
has been generated, each of these counjers nmust increment by 1 fractional

t the fact t | 5.t
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pi xel s ar¥"¥&ad fromthe specific line of Buffer 4, we use 3 Pixel Address
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1'5 is used to offset into the remaimng 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



(nmods) | CyanEven: P ADR P ADR +=160 Advance to segnent | (cyan) 2
CyanEven: P ADR P ADR +=160 Advance to segnent 2 (cyan) 3 CyanEven:P ADR
P_ADR +=160 yhdlyass® to segnent 3 (cyan) 25 4 CyanEven: P AQgqAvbMroys 160
Advance to segnent 4 (cyan) 5 CyanEven: P ADR P ADR +=160 Advance to
segnment 5 (cyan) WD 01/20549 PCT/ AUOCO 01075 -56 Table 26. Address
Ceneration for Reading Buffer 4 ft Addr ggs Cal cul‘ati on Comrent

CyanEven: P ADR P ADR +=160 Advance to segment 6 5B!) QéﬁnEv ?FE ADR P
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address fo Ithe&Mﬂks[bf thehext by 8 ddis)) the indtiaFvaldElRwduidhperds shawagm Eirst Lide eoluwhnaniTables. t o]
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to segnent d&eﬁaaguietrewtarﬁhmégmmea Ibw esishBwr\infSetdnd DiRe ¢olunirGo Takib25nKate that 5:4

segnent 4 b/ageé\ ADR P ADR +=160 Advance to.segnent 5
(magent a% %}"Z%’[thae%ven %&Eﬁﬁ%m +=160 Advance to segnent 6 (rmagenta)
15 Magen aEWBI%zB éQRpM%auaﬁﬁa S¥téadDine VAuSIONAG b Batrér D ghlerd 0 16

Magent aEven: ow P ADR

el | ow
I N ow) 18
nw\ ! Yell | owEven: P

Yel | ow segnept 0 and advance to next
nod 5) 17 Ygllo venPA PA EuO v
(Yel | OW)Even; P Aﬁl—'ﬁ%‘Ahﬁ alouls Rp o '8 g
ADR P_ADR +=|B"E¥fPance l"l_‘}a@ed?'@‘nt 3 L1 %hEvdn: BaDR|P ADR
+=180 AdvancpCyanOdégnenf CyanEvesid:bw) 15 - FPADRIP ADR +=160
Advance to spMagentaEgen( ypCyan®iid+1348)Yel | ovauen P ADR|P_ABR +F¥16Q Adyance to
segnent 6 (yDthﬁn‘WaOddid MageAtEVENR0: ' ALx PzﬂUHh 260 [Advance|to segfent 7

(yel | owj024 FeiloWEVeR S NW&WW el in
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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 pixele.
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 PixelAddress 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 286 lists the steps in a simple form.
20 Table 26. Address Generation for Reading Buffer 4
# 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
{mod5)

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 g 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 +=1 pixel for cyan (nods) 25 CyanOdd: P ADR P ADR +=160 Advance
to segment I (cyan) etc. 20 The pseudocode for generating the Buffer 4 117
addresses here. Note that it is listed as a s et of

st eps. Tab @Qﬁows a better view of the parallel nat Eggﬂg?dlﬁhﬂs
operations during the address generation. % Cal cul ate start positions
Cyanaven = 0:0 Cyanodd - Cyangven + 04 _ MagentaEven = CyanCdd + 1:3 25
Magent aCdd = I\/agent aEven + 0:1 Yel |l owkEven - Magent aCdd + 1:3 WD 01/ 20549
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ReadBuf f £7 4( | || GuenBxeaREARR . pi] RARDRAALIR) 3 Am"ﬂm bseemetésYanlo P ADR =
| nteger porti EvehiROADR a_ P| RDADR ¥hgent a P [AGenerate agdréssiBor eSert pixekip
ReadBuer #i( | i ne=Magent aEven, pMagentsPP AR P |Avgenta seosentiOaibgdvapcetpR =
I nteger portijon of Yellow P- ABiegenta P_ADR += 1 next pixel 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)
11 MagentaEven:P_ADR P_ADR += 1860 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 46 | 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 (vellow) _
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

25 MagentaEven = CyanOdd + 1:3

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 = | nt eggro RiMokdoOn of Cyan _y ADR Cyan P ADR += 0:1 2Gdphdhemiod®s
ReadBuf f er 4(1 1 ne=CyanCdd, ‘pikel =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, pi xel =P ADR), 25 P ADR += 160 EndDo WO
01/ 20549 PCT/ AUOCO 01075 -58 P ADR - Integer portion of Yellow P ADR
Yel l ow P Adr += BFH°BRf 8 Yetow&emaalfBuf f er 4(1 i ne- Yel | owodd, pi xel =P ADR) P
ADR += 160 EndDo 5 % Now can advance to next "line" CyanEven += 0:1
CyanQdd +- 0:1 phgankaEuRpends of ptintMagent aCdd += 0: 1  Yel | onEven +e 0:1
Yel | owQdd += 0:1 JanEﬁQQ% gndDo
Magenta_P ADR = 0
Yellow_P_ADR = 0
5 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=aP_ ADR)
P_ADR += 160
EndDo
10 P_ADR = Integer portion of Magenta_ P _ADR
Magenta_P_Adr += 0:1
" Do 8 times
ReadBuffers (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
ReadBufferd (1ine=Ye11_owEven, pixel=P_ADR)
D_ADR += 160 ' '
Endbo

% 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 (line=Cyan0Odd, 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 RG@ val ues are the sharpened nediumres (1280-res) pixels"
gener at ed Shar pen process 65. and read by the Co

process 63?“%&?19 is not necessary to double buffer Buf ?gfﬁ\ 'i ‘goﬁ'l\% S is
because the read (Convert to CWY) process 66 only requires the RGB val ues
for the first 39 cycles, while the wr_isaga (Shar pen) process 65 takes 49
cycles before being ready to actually update the RG val ues. 10.2.6 Convert
to CMY 66 The conVel® bitepemPRES" S ’@f”"&-"s—”ﬂ’erfor med in the medium

resol uti on space (¥e2B@-B_a¥)+= ad described in Section 3.2.7. 20 The

conver si on processetdmines produce the contone buffer pixels (Buffer 4) 117
at a rate fast eno L | \ er pol at e- Hal f t one- Ref or mat
process 113. Since élkg%#%gﬁﬁgﬁ%%b%% %E&%agg%di}or 25 cycles (5 tinmes in
each of the x and y Tfetsi¥ns), the conversion process can take up to 25
cycles. This totalBaps5 cycles for all 3 color conponents. The process as
descri]ped here only requires 14 cycles per color conmponent, with the input

RGB val ues actual | yyud) &80hadddeE o 3CYah&s. | f the process Is inplenented
with logic that regquires _aﬁcess 25 to the input RGB values for nore than
1

49 cycles, then BUFFE3*118 will require double-buffering, since they are
updat ed by the Shd¥pO¢ iy %t ocess 65 after this time. WO 01/20549
PCT/ AUOQ 01075 - va@entafiven e0lViersion is perfornmed as tri-Ilinear

i nterpol ati on. Thn@gentdoaX +1%:X 17 | ookup tables are wused for the

conver si on process,;RR:Q.G¢an 90, RGB to Magenta 91, and RGE to Yel |l ow
92. However, since_we have 25 cycles to performeach tri-I|inear

i nterpol ation, thePE ¥ 5 Hded for a fast tri- linear interpolation unit.
| nsteaol, 8 cal |l s¥a#®® a |inear interpolation process 130 is nore than -
adequat e. Addrm@se generation for indexing into the | ookup tables is

st rai ght f or var-d—vWe—gse—ttre—4—nost—5S—stgnrf+cant—brts—of- each 8-bit col or
conponent for address generation, and the 4 |east significant bits of each
8-bit cohwescoBgenemté f or | nterpol ati ng between values retrieved fromthe.
conversion tables. The addressing into the | ookup table requires an adder
due to the facBuffehdis atsimighitiorwindsetioh®bbitR, IGaB valiesetheseREB valies arg the shamened han 16.

For t unat gledium Fasl(i2s6-res) pikhistpeflaritid foxesd 65.iand fead By tak CorvertioegMyXX, - and’

e
therefore doeg not require an adder or rrulptiplier, and multiplying a 4 bit
nunber _bPP¥EP2°-289) is only slightly nore conplicated, requiring a single

“add. APt hough ' i i ngl

Seder o gonar ol BEBg o HolAl o i Bulter 3118 Tolol BAeb BB 6 ooty Eae 01 10T *
Cons eque RFsss fonly Bayings the REBglues forthe first 3@ cygles; Whils theyrite,(Sharesn) eces3 8f i ng a
si ngl e Celkey 49cpna®ERRIbeing AatycBctizlly dpdate el RGB vales.shown i n Tabl e 27. The

10.2.6 Convertto CMY 66

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

20 as described in Section 3.2.7.

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 {o 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 1l ow. Faster nethods are possible, but not necessary. Table 27.

Trilinear iRygaspakdtion for color conversion Cycle Load Effcagdgowsiorst ch

Adj ust ADR register Interpolate | ADR = 289R 152 ADR=ADR+17G 3 ADR=ADR+B
4 P1 RGB ADR =ADR + 1 5 P2 RGB+1 ADR = ADR + 16 6 P1 RG+t1 B ADR = ADR + 1
P3 = P1L to P2 by B 7 P2 RG+t1l B+1 ADR = gDR + 271 8 P1 R+1 GB ADR =ADR + 1

P4 = PL to P2 by B 9 P2 R+l P 0,10 P1
RI1GHB ADREADR: Thpepnusrsion i g 'iﬁcasé’" i"é%"’?—@ﬁ?"él‘i"eéff 1%2‘1 i’pft?%%yB
13 P6=P3 { asddfoyBe cirvelsioP PraseiShRAB tOCyah 8rRGE toTMigenta 1, and RGP 49 ¥ellapro2.
regi ster amwa;zﬁ%c&mab@zmads ﬂ‘o%f@.@l@s&&mﬁsﬂﬁs@swm thétd & nb h@edlfmmm.

tables. 6 sets of bit registers can be used élnter te results

- 2 regi st dnegr HGPG'““%S‘"?/%RS W%@&%B"W?b‘%ﬂ'@“ﬂ"@&?ﬁr’ﬁ oMo

regi sters are used.for the o t fr the | r pol ag un at
The' Thput to-t he AR AenerIpR 1 BYennouls s epiie e Sl Bob et "%%"sg'}% mos!
regi sterg BQARSNt RS ofFeach wuodlmnuozemmam/smmeﬁd e 4 1St sRBIfiEHL bitslef s | s
gggesgglr ! ?g&%ﬁ.@@%&%&i ;ﬁag?&@fgfbsg}aelafu.ﬁg rémacéacrgml the eaméraormm?sxe Igﬁ.? V"

i val u | u
can be wri @AdRssing intqfpe lnokyp %Pl’%ﬂ"ﬁeﬁ%@&ﬁ 8\‘?‘?& ﬁ#ﬁ'@r‘h 3‘”"?’1;&'&" ?'ﬁl?"ﬁext
cycle. A blobek rathien than16.0f ortuiiatelyCamitiplying oot-IVMIMBEDX &3 J7 66 an &hit Ipumber X, iand
Fi gure 48. um,ng [ f .
resul t ant CAE%O%S% JRe |X§Fg§§er°§mu|{épd§r’ gr[dtmf“(‘?@ ﬁg&gﬂ@ﬁﬁf‘%}gq ?9@6% The
buf fer. Thé Fm@ssow@werﬁqwmsaé@aieﬁ%n the same RGB input to generate
t he magenta pixel. This enta contone pixel is stored into the nagenta
1280-r es contoneA'"Eﬂ!fF'?@F'" flation would R PoraNMEA fa3tein Ve e Aisipale af’%"'é%ﬁ%ﬂe?t“’ed
from t hdo s addredseBandiave ,a simgle tyvle inlegulaticaninity Gérisequentlyi wee arei ablestb aaledlatertbed t he

yel | ow 128&%@.&9@%@9&%&5&]‘%&@ coldr ng%gﬁt?rg A RBPLA lwaJéPanrYWrLﬁlé‘ﬂ? fjhe

contone bu ~sin addr ess
acconpanyi REPCessIysideirepestcd,3 irags in Q’dﬁfé%ﬁgﬁ?‘e\m’t @aqeahe%n?we 'ffﬁ?' matheds atE‘bI or
buffers. ‘phesib@ybutndtnédessary.s witten to on cycle 15, the Magenta on cycle

30, and Yellow on cycle 45. 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+18 ADR=ADR +1 P3=PitoP2byB
7 P2 RG+18+1 ADR = ADR + 271
8 P1 R+1GB ADR=ADR +1 P4=PitoP2byB
g 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=P1toP2by8B
13 P6=P3toP4byG
14 V=P5tP6by R

As shown in Table 27, a single ADR register and adder can be used for address generation

into the lookup tables. & 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 | every 75 cycles (after all 3 colors have
been witten). The line being witten to increnments w th w appi ng ‘once
every 5 Adygogakie pul ses. The order of lines being Wi pkRuedifiotss Si mply
0-1 -2-3-4-5-0-1-2-3 etc... Thus the wites (25 x 1280 x 3) bal ance out
with the reads (19200 x 5). 10.2.7 Buffer 2 115 Buffer 2 accepts the

out put fromthe Resarrpl e-CreateLum na%e process 112, where a 15 conplete
RGB and L}% ' generat ed for a gg PI xel coor di nat,%, The out PUt from
Buf f er 37@5&"” gelipgratelyfo 1pduycs repf '§§°B§’9'°MF3€9W1?'é'EﬁJ| rregster 131holds g op  of
| um nanc ¢he\sbitivalae fiilly cainulated cThe Grbitiréselt gambel writtéretorthg aphmpriateriosdtion@o Befedent | y,
during tq@,ﬁ%rmwmprocess 65, there is need. for access to the 3 x 3
array of lumnance values, as well as the correspondi ng ROB val ue 136for

the center 'umAWl@&ad?émﬂmeéanMecwmeeskwsmsefssem#.bur&d uni nance val ues
and the corresponding RGB center value nust be calculated by the

gefs]?rml glc’éeat ﬁhdﬁmn@@fégfgocﬁﬁﬁﬁsunm%ge@érpﬁ??éhltam(QHVO &fltomﬁs gﬁ?eag ¢t
u er IS S I N act ua 0, u er
S 16" 52 ko oy 8oy rip e i pessd b nSE ot B i are e ol 101

read and generatesthe megents pingl. FM&MQ‘@@P‘PW Pyﬁ! i$ stored intst the Bapgeats 1280-r8s panfongo| umm
counter Gaser. lmauyl msmwean&ﬂe ikl 3 gUriereiel fidgh the sale ROBGpURarid resuftint Parbiver ,

whi ch effectiyel the ent of ‘shifting the entire
e B G M

buf fer' s PH&® ‘fact that we don't require the

fourth col um ﬁ@?gﬁgéﬂc%n%o%nd’ t%r%‘éﬁﬁl&ne b%ﬁ%éﬂiﬁfeﬂ)m géai& faSaat the

savi ng of not haV| readlwite

o0 ¢ | el s (0 arcampariies FBEE b1 HERd TR SR YR ER HEIMOR o  The
read and The\Cyah Guffer Ba@itecs oh aycie 18CtheMadeata oh ycld 350G ind Yellaoaxdyelé 45. The pirgler t o
keep 40 Whdllslid'ficr @éwmﬁl E@éﬁ& ﬁ@&ﬁ#@%v@%@émt@@lméﬂ% teingar pen

The Shar pen o t eni ng task describ Sect| on

3.2. 6. SMHERS 18 REremER I NTEAnR 1SS ST AaPeeLics Biissa. THA Grgers e peing wrkten e
Shar pen isis s&imfap0-12s3t4-5-2-042-3 atc. VTHuiithe ivdte€ 325 ¥ 4280 x %) baldtiot/oyd witrcthemadsq 192001 ch

I mpl i es qsgorrpl ete RGB pixel nust be sharpened within 75 cycles. The

shar peni ng process involves. a highpass filter of L (a generated channel
fromthe nd stored in Buffer 2) and adding the filtered L back.
I nto the‘@ cgurr%gzg?lfs as described In Table 12 within Section 3.2.6.2 |

g;\spggevgfut ITQEU#%E 9“&3&?& thé lo&tﬁ!t fidmaRk Resap hMLb«hﬂ&ma ﬁ:eésh'ﬁ?rwﬂé% g9 a
cal cuﬁgt EPMRIRIRRCE gn °b‘§ ge"?ﬁwﬂ'f’ﬂ""gi?@ﬁé’qdﬁ'ﬁtdgﬁ\e tg‘pgﬁ'ﬁg ? iﬂﬁe@t er

140 Wi t h tcBthé Shezentposess A1 whichpequisés adik 8 eet(of kipingrsatvelues i3k eéntesdd dnttheipiketf t by 3
bits). Thgnd@sipestaCyCles subtract the remaining 8 pixel values, with a
floor of 0. Thus the-entire procedure can be acconplished by an adder.
Cycle 10 | nVOLwﬁfead%ﬁﬂyrmUn%mlabWa?aehﬁ@preéesé 65; theRSs/hded Ry acessAb b 31X(3 ahdy . Ehl S
constant s the [ epr | { t he
amount t 8 4TIPAFRYP g % so ?Ié}lﬁe Jr'%g scavFBgﬁadﬁ?m%éﬁg'ﬁ'ﬁkwp&eﬁAmxv

same time, the next 3 luminance values and the corresponding RGB center value must be calculated

by the Resample-Createl.uminance 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 & (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 ati nghyé bides@ t he sharpened RGB val ues during the | agiratioos1oes es of
the 75 cycle set renoves t'he 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 subtractgg.with a floor of 0. TMP 140 is 15
1 |oaded with 8 x the first L value during cycle 0 (of 75), and then the
next 8 L vAPA8s EPEP®,phtracted fromit. The result is not signed, since the

bt ti h f WO ' t 1Qt h | e, .9 11 bit
Cotal in TP 10 T8 ST Uyt patfm e diplgia e GeobpbT H S o 42 6 ik ing) o,
sof t war e cshrrpenkd B@B pikels are slored intot BafferS416 [he Shdjpen UoitB5 reustkepp in withtheGenkert o
TVP  140. G3ERfy Brobdab 66 Whiciirples® compiBte RSB Hixel rdsBbd/Shbripbrid wiithin T&&Ycles.he

fraction is truncated), so the limt fromthe nmultiply unit is 255. 1f a
scal e factor of Ih@sHafpehiigprocdss Pvalvos iaHitipass fike? ot (aldeRdiatéd tHanki fraid the(REE> X 8

I 9). 20T e f | t f ti b the high bt

rept esent | A Ergsor e inceoding s Foared Ok iy o bl ool 4 Bhessoan,
t hat di f f eTeble 12within Seiction/8:2.6;2 on page36. The highpasfiter usell isrmpbasiediatyrass filtepwsingr, a
different a3aidAiutioriirhel, B8'Sholvh i gl sooNvol ution will produce

correspondi ngly scal'ed results). The sharpened val ues for red, green, and
bl ue are cal cul atrrélnighipass@tefis @hiculatel ovely 10l aycles3 Thectinsl cydie/iodde thedempirdtly tepiste €N

cal cul at | o0 A ek B o bl Sauctle Shrarbine Gyt bf Tl Bigudi il |
Buf fer 2' s YR rempiniag|pigp! yalyescwithahinonef O: husiire entire prasedusg 6as|be agaomplighpdhlysan

| Seinﬁr gt L d? 2 atider.SCyciel @hinvolves\Eriedmulliticatiomof the réduft fogra conatast 1'49..f HiisTpdngtai?, is @agkg Qd
use of yt he%(? {/e c% F‘?‘%éﬁ"fn‘zdg %tégo%&%g@?édr%%mg W&%ﬁ@w g{%%sf%‘% T -62

address consi st s ff o hidahtls «gmaéag&gsmla%h B(vaﬁsy@wéémnﬁ%@%mmgmh%e 4

col ums shaoul d _be read), an -bit val ue representin , L i

or. B. The EYIifPurngdes 72¢ 2 pad %y Crlcylatip H"ﬂ&‘eéhﬂp°"f’ﬁ8f;§r’rﬁ'ﬂ?ss""('w thelast 3

Wr appi ng)  eydEsyf thé 78 gycle edt remidves the cleed fap oublecdfferigo BBUffe@3. 2 | s shown in Tabl e

28. The C register is the 2-bit colum conponent of the address. All

~addition on C is Thesutturesf theShasenwnkt tanbe3eenti Eigdre 55 Tabl e 28. Read Access

to Buffer 2 during 75 Cycle set 'Cycle Address Update C 0 C. L2 CC1 1 C

L1 2 C,1 5 L2 3 C, Thaadgernit 142 gongectedito Bufer 2|135 {s-a sgbtractor wittpa fipor pfi0. TMP 140 is
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 (265 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 comrespondingly scaled resuilts).

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
cehter 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



7C L28C L3CC1 9-71 No access 72 C, R 73 C, G74 C, B C=C1 After
Cycle 74, the C register holds the colum nunber for the next calcul ation
set, thus wdg/smmeie Ng the fetch during the next Cycle O ‘pajagao/mbia PENI NQ
can only begin when there have been sufficient L and RGB pixels witten to
Buffer 2 (so that the highpass filter is valid). The sharpen process nust
therefore staII until the Buffer 2 wghte process has advanced by 3

| . . Buf f 14 20
g o BRSPS 8 24 P W@ﬁ?&ﬁe%ess@ﬂ? whel dield Sone g edths .
pi xel Is aed eB@d valise tepresenting I, b2, LB.JR.(3, or BsTHecolumn purpkenptarteat 1 each e andage RAM
i mage s li.{a.feﬂ%s Gith QrapbRPRVeH | r d&é TRe SHidrdr e&&ngmuﬁgrlz is Hovh A'Table b8 RS ganged

3 t dd bl - d 145,
Q1 con 14ES9RIE P B 5k S cHaaoE o VBTG 0 SR . e | G S 2

Fi gure 5Bits)During the course of 75 cycles, 16 entries are read from each of
the 3 buffers 3 tines by the Resanp Ilng process 112, and up to 29 new

val uesgare Wi ttenTiblfqai“@‘SAﬁfﬂsP@?E"'f?ﬁ uringISCYRA®eler 25 depends on t he
scale tactor and t ent |sub- obi ti ing yesanpling). WO
0150540 PeTl AUDOlaso kie®as oo Abuitss PO |\ Oadlyl 19 ough so that the
reading and writi rg? can occur gml'?hnu'r in grq Lri ng-withi one another. During
the read process, [4 pixtls arfCidad frompach of 6 rows| If the scale
factor is very lange (e2g. wg @i scalingjup to Panoranjc), the sanme input
pi xel s can be read mulTtgple [ie,8S (usi ngle=cmiferent klernel position for

resanpling). Evenfuattyg TOWEVgET s (NE TEX prxets Wit jpe required. If we
are not scaling ug—soe—fgeh—ti ew—ptxet 1% be—requt ed before the next

pi xel generation feyel nyf- o- t?“ hin 713%‘%—@-)«9&—@-5—).—5 Looki ng at the
scal ef®actors In fable ® and MGtife 11 worst case flor scaling I1s the
Passport format 31: The gregepRane has b A val ue for Passport of 1.5625,
i ndicating that 4]l ocat8ons claLlBe con- tpC+et within 6 CFA pixel

posi tions. Howevell,” €aglq I OW [Ofo &tcé8N sanpl es only hol'ds every al ternate
pi xel . This neans ftirat ﬁm VA e'cﬂlpi gS—arg[requited per fow (worst case is .

4, not 3, due tote—worgt—ta s+-t++em—Nevenent in Y indicates

t he requi renment ofl—an—=additi S
74 Cc.B C=C-1

After Cycle 74, the C regisier holds the column number for the next calculation set, thus
making the fetch during the next Cycle 0 valid.
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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

Buffer 1 holds the white-balanced and range-expanded pixels at the original capture spatial
resolution. Each pixe! is stored with 10-bits of color resolution, compared to the image RAM image
storage color resolution of 8 bits per pixel.

20

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 fimes by the
Resampling process 112, and up to 29 new values are written to the 3 buffers (the exact number

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



10 sanple colum, nmaking 5. Finally, an additional sanple colum Is
required for witing. This gives a total of 6 sanples per row. 7 rows are
requi red foky@eHosgd! € sanple. To generate the 3 sets of %,qungg,ﬂos;for
each x position, the maxi num novenent iny will be 4 rows (3.125 =

1. 5625). Movenenj X adds one sanple row above and bel ow. Consequently a
total of 13 rows are required. For <I=§det ails see Section 10.2.10. The
red and bl ue planes have a A value for Passport of 0.78125, indicati ng t hat
4 locations can TBRbuffsrt mustche Wide epouch sothal the readjng AndWriting, 5en aceyr withqut,
requi red f ierfedingwith gnedmbiher. Diiting the @eA iproicess, 4lpieisardreadfepnt eieitiof s‘Fdswsifgwe\sewe a
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mat ch t he e require
for novenefines WS'S}Q alﬂlffﬁmmeh%qsﬁi’ﬂ @" Seéé'“@éﬁ)t Evatuglly, boweyer, E&@ﬂ“%‘sm‘l‘ lI’Qar I s
I mpl ement egbqaifedaif MaNravinétiscaling aplist Gkt e sl pikels\aj Be feqiiredPeforel fhe ekt phepnpl e

per- cycl e. ff r rized in Table 29, and consune | ess

t han 200 b?%;!l?até#%dgp ‘gl[s'ﬁngc@ %&%r Summary Buf f er Corrp05|t|on sits 20
Red Buffer 6 ro | es
X 10-bits 360 CLLNR gﬁfj?'&wéé{%hr;é f"b*ahéaggg'g' %%!?;Lﬁxmfo‘zﬁt 00

10. 2. 10 Regaﬁ?ﬁ?@m?"@r eate Luni nance Channel The Resanpl e and Create

Lum nance @hanne h-ncpgreaﬁime hdsta A valueddrPasspodobia 5626, ingieating aktngmhdms car’le dénB

pi xel value in q!Px

whi t e- bal anced an ey%tﬁ"g?@gg%&&g’ %ﬁ’%ﬁ Vé?d&rép FﬁWd?éFee Ohlggm'gpg‘f:eﬁ bed
in Section 3.2. 5a'éﬂm=|§my@' ZBS"F?PSMP'E'Y’EJEE'"PJ%@WWE?N WP@[%G/MG?S

- -64 | um nance value aiorst ctabﬁnigamm.oﬁy:ﬂo\mneﬁd in Y adicited the @guireinent lof il aaditicnal

val ues for the pj or
use in the later s ar peni hg %&OC(E@?@%&L%“B% Pfg%lug;\'l?s[ m&ﬁe@@ﬂ@ﬁﬁ:&eﬁwf
value and 3 L vaP’M@'sa‘P'é'W@%segrm‘!ﬂf%%%“"@df%"@ﬁ'm Trgengrate s of
the m ni mum and s@xoARGA phielsRor ebgh xpositids, the@maimgh mevenentiey will bE&tows (8. (2562

Seotton . 3,2: 6 L gyl 564 o sen e Bl ol S adflray p BBl 12

cqordi nates - the pix uestion above an
we have 75 cycl efowsaragpquired. For mose details pee Seiond0248i ym res RGB sanpl es  and

their cor Ir Oslpondrl'l‘igreh ahdbluESaneShidve arA vaflie lfor\Pabdp6rs of( crBa25) MBiCatingBtt 4/Btagoss) t O
save recal cul atli e e
sufficient tine ee%glrag? éw["ﬁrp“ %&]es”mdm fas? QP'eEs ‘%Wﬁ?’é‘f"ﬁe""ﬁéﬁmm
res pixels, but fmt“ Be helngdeas Tbig gives Rotighofsh sRlascRer Ol Wiiohds durther

(i nst ead® of unshaeResRAh 6Xamples lahdioh the gren’plah@ (fdr RSP PiRtbdsBd). 6l/dwd &8 required
resanpl ing procegs fé?%&rR&eﬁ.&%%??orgfno?‘ee&e%.ﬁee%mﬂ%ﬁr&‘t ion, each of which

nmust be
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 8 samples x 10-bits 360

Green Buffer 13 rows x 6 samples x 10 bits 780

TOTAL 1500

40.2.10 Resample and Create Luminance Channel

The Resample and Create Luminance Channe!l process 112 is résponsible for generating the
RGB pixel value in medium resolution space by appropriate resampling the white-balanced and range-

25 . _
expanded R, G, and B planar images, as described in Section 3.2.6 on page 28. In addition, the



conpleted within 25 cycles (for a total nmaxi mum el apsed time of 75 cycles).
The process of generating a single RG value can in turn be seen as 3 °

processes \PSB{/RIS din parallel: the calculation of R bhgauhidigssl ati on of
G and the calculation of B, all for a given mediumreso... 1 pixel

coordinate. The theory for generating each of these values can be found in
Section 3.2.5, but the upshot is effeghively running three inmage
reconstruction filters, one on each channel of the jmage, Ipn the case of
the PCP, RinancsYaluss fir fis.aen ROB ARk Bt WP e urinsecesvaliss B (beiPHelebovecid i ng 4
coef fi ci ®alibs theRGB!pixelouustised geheratad foewse il the 1ater sheipending ppovesscoef f i ci ent i s al ways
0 and thus the sanple point is not required). Consequently, calcul ation of
t he medi um r es heitimealloMedioxpbducisg the RGBwealle byd 3 Linaliesds EicyclesaGiven that L is

reconst r YplohQue Jvér%%epﬁf Fh@ PriditiGin BhdRxiumeRR (! laRd B ®I7 a Giver! gb@1 1BGGUINYSBe'SREMRUL | ON G

pi xel is _achieved unri n n_1nmage recqonstruction filter on the G data,
and cal c@r& Ve W%’ﬁ‘é‘%?ﬁ%ﬁ?%@géﬁ'ﬂé&ﬂpﬁgﬁqu 55 the pixglinqyagfiog,ang E'ﬁni ng an
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reconstruction | fferen

nmust . have.a er . | i f the
process FAHNEY @¥Ne P?lveﬁ?e@%?"gﬂm%%. "ﬂ%ﬁr 5SS gvgwgg?t"%gq?égﬁtgaps Ps"ﬁ‘ﬁ(;"\y/\}"'/|1'foesThe
resanpl i mielpbulcannst beysedsinog itthalds shamanred CMYanixe's fintteadiohungherpanetRGB pikelshuf f er | -
for the current pixel [ine being generated. This will be the case once 4
col ums d924%1 Resapelingcen witten to each of the color planes in Buffer 1

"114. The Resa i n rocess 112 nust stal Ll that ti To calcul ate a
G ven 1001 or i TherterrgH KRR 68 Ere .3 ez o G gehertin. oadfioryhlh. bl e

avai | abl sompieed:yithiny25 cycles ifor artotel maximumeslapsed timgiehTScyeles). The procesppfiggnerdtog1 D -
ker lnel t f} ia%fi, %@Bbﬁlluék_n(iﬂtuﬁﬁfél%gﬁf as Q&o&ﬁs &mewbiatnoﬁatréhzll ﬂ_@bﬁlﬁu&ﬂ&ﬂfﬁfﬁme}{_‘ﬁ t hen
a e ker.ne ndexe on the resultant 4 pixel val ues, e -
f!oﬁa?/ r e SEIPyatiprof 3"%?&"3&’35!1?{%# R ﬂYQA"é'f_e.‘"uﬂﬁjﬁc’V i n!gf'xgpog?rﬁi"?%a‘%%@ﬁ?ci ent .
each cyclfes gefierating eacloh titese yalms Sarrigfound)nFection 3:2.5, b therugshet is vely &4engs to
gener at e wréCimagd rtshsRRR U Aiters) SHeliSeactn Bfinrel 6 fib @fiadeDingryEisa betht IFeP| waal

pi xel valu for a tot of cles. \W.iIh [ S he

i nput  pi )?8'%5" é'?aé’eéeacgﬁsqrﬁ{“b wamsg?@f pof ahﬁe%'é?gn%?&g%'gﬁ? ?"gréglr;\ot%gd@‘r"gper'ﬂ bits.
Ve keep {aincp prescogfficient is eiweyssHand dup thg sample ppint isaplyequireddach appl i cati on . of the
kernel™™(8:6), but onl save 10 bits for the result (8:2). Thus the sane
convol ve engi n&oesaarepty, eRlRtion At the MSAWS respikipn R Pixel is Aeieved Ry runpipg ap image oyt put
or R G revonshudtion fteborithe R Fhte. Gaicalation of thé inediunesactytion GepixeriDachisesdiby runhisg .
Convol ve agg%hééglrﬁ&nsﬁaaoﬁ n' o B b, Snd folculeish B RE i redofBd B ph@ds | hEN..

| nvol ves 20 cles, as_ shown 1n T . Not e thatht e Iﬁow 1, Pixel I
etc. ref @ptievedbyrinning an image regonsiaietiondyter on the B data Ythpug t"RI]‘é'HeEg'Fé"UF“’W"t he -
addr essi x@ndnpaieyraresivt the saree foebashipolor biahé. R $10.B & kefyo By the earielemepdue 40 Cycl e

Kernel  Appl-Ysikifar rirﬁilget Eharaclefidiics, 16 W 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 26 cycles
available. To apply the kernel to the 4x4 sample area, we apply the 1D kernel (indexed by x) on each of
the 4 rows of 4 input samples. We then apply the 1D kemel (indexed by y) on the resultant 4 pixei
values. The final result is the output resampled pixel. Applying a single coefficient each cycle gives a

25



| X111 Row 1, Pixel I TMP 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 All Row 2. Pixel | TMP 6 X[ 2] Row 2,

Pi xel 2 TNP@“%{"% Row 2, Pixel 3 TMP 15 8 X[ 4] Row 2, Pipeqlachodids V2 9
X[ 1] Row 3, 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 | TWP 14 X[ 2] Row
4, Pixel 2 TMP 15 X[ 3] Row 4. Pi xel 20 16 X[ 4] Row 4, Pixel 4 TMP,
v4 17 Y[1 Vil TMP 18 Y(2] V2 TP 19 3] V3 TWP 20 Y[4] V4 TI\/I?{for

out put ) te) of 1§ cycleadn gensratethe 4 intarmegiate, §@P9 f cyrles e gsoeratedhe finalpixgl vplue, , o
nmust convemamlbfmnsydﬂﬁB to L for the subsequent 25 sharpening process. W
consider the CIE 1976 L*a*b* col or space, where Lis perceptually uniform
To WO 01/ 20549 P@ihth fddakis Gigdetision; 166 inputipixels brefeachn10REB(8:2), 4nd kerne chefidentsae

channel ) e t [ I L =
VR G o BEEfR YR A é‘*gg%%&‘“ o B eBift Yo pr (B RE G ol 40 ‘*""“-“g and
B val ues i§a‘1§éPPEﬁf?Fé§P Tegpit Bi2)aThug the sp M@"Q@"E‘“%?ﬂ?lbég F?S‘E’%{Y'"gc'Pﬁﬁ" or

t he genegayjnﬂﬁﬁdodtpmerniaorranbedmere is 4 cycles. This nmakes the total
time of “generating an RGBL pixel set 24 cycles, with I cycle to spare
(since the proceJse meadbf theresampiihgrdremss is thietClonvolvg Bnit 50| assshowrin Eigurelsde f or L
can thus be safely witten out to Buffer 2 115 In the 25th cycle. Address
generation is de3hbeprbeess df edsamplingthen.inybivesR0joydesasishewndn HablecidnNate bakdeRa@ bi t s
in 3 cycl e, padih 6. R tSiE HBRWEMIBuierle 14,508 istélen care of by the addressing mechanism

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

10 Cycle Kernel _Apply Kernel to: Store Resuit in
1 X[1] Row 1, Pixel 1 TMP
2 X[2] ‘| Row 1, Pixel 2 T™P
3 X[3] Row 1, Pixel 3 TMP
4 X4] Row 1, Pixel 4 T™MP, V1
5 X1 _ Row 2, Pixel 1 TMP
6 X[2] Row 2, Pixel 2 T™MP
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 T™P
1" X[3) Row 3, Pixel 3 TMP
12 X[4) Row 3, Pixel 4 TMP, V3
13 X[1] Row 4, Pixel 1 ™P
14 X2} Row 4, Pixel 2 T™MP
15 X[3} . Row 4, Pixel 3 ™P

20 16 X[4] Row 4, Pixel 4 TMP, V4
17 Yi1] Vi : T™MP
18 Yi2] V2 _ TMP
19 Y[3] V3 ) T™MP
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



10 selecting the 2 inputs to the adder, as shown in Table 31. The division
by 2 can sinply be incorporated in the adder. Table 31. Selection of Mn
and Max baggei i3 conparisons M N MAX R>G GB R>B R Beyadaodsdys RG 1 0 1
GR0O01015GB0.11 BRO.0Ox BG10O0O a. Don't care state Since
the add nerely adds the mninumto the maxi numval ue, the order is

uni nportant. Consequently, of the 2 jgpputs to the adder, Inputl can be a
choi ce between R and G while Input2 is a choice of Gapd B. The logic is
& i ni m SHMPEITBROR fpd- (i HsFre giinng e fuerio g SRR PR ITARPUTEY RSP, B> 10, 3
Address @efodwat i on for Buffer 2 The output fromthe Resanpler is a single

ROB pi xel , and3|um’nance(LMI' ed. G ertically on the RGB
pi xel . The 3 L val ues can be . —one each 25 cycles. The R
G and B values nust be witten after «Tycle 45 and before cycle 50, since

the second pixel generated Is the center pixel whose RG val ues nust be
kept. The Buf f qregsidedisiser s giveni pilefs RS G,cand -Bovadiues @ pEHormed MTparsiier; taking 20

(repregenti ng.whi 0, I LS. e. Wl . » . it

Vel te. F ot cmp i Wpdor beSansretih o L cetb et s Hcybdsd fd les Bl
each | i n@enemiing amRGRiInixel set Rhrycies.withd syeigyle spare (since the pracessdmust he Gomplgted o

Wi ting ithin kSdycleshO 01120549 PCT/ A1100101075 -67 10.2.10.4 Address
Generation for Kernel Lookup The nethod of cal culating the kernel address

I S the sane as Thewel foreldcant thiste safely vafiterbeut to Buffer 2.125 i the25ttagele28ddrdsach

kernel i golerdtbiE Bsdddbelow th 64 entries in the table. The 6 nost
signific r‘iteﬁgilbt's !('trun?:?ited) of the fractional conponent in the current

kernel space anGingis 88it bénpaliil ¥ar giddiicd 3Wits IhD s, wihiidah bibissjibritly beitied for FOr t he

first 16 cycl e h ordinate,is .u I ndex the kernel,, .while in the
ot 405 SRUEBe 2 il © v fot-gsnonds f 26blp 1 e RYRlEn bi'E ool v b " ' 7
same ker iirtheadder. be used for both X and Y. For each of the 1280 resanpled
val ues, we need to r%guﬁcﬂ%S b xel sn- the pjxel in question 161, and the

pi xel s above_160 afffle djfiaxhas eAmMRARaSqenerat e a center
pi xel and then .gpve hat ge@ntel pigsd, Ve generate a
pi xel 160 an geﬁcratc = + '1162 pretowtt—The second pi xel
161 generated is taken t ' théf retlurn to the
R G 0 1
G R 1 0
15 G B A 1
B R 0 X
B G 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 fo 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 '

410.2.10.3 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 consisis 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 L2,13.R, q. or B. The column number starts at 0 each line, and increments (with wrapping) every 75 .
cycles (i.e. after writing out L3).



original row and generate the next 3 pixels in the next output position. In
this way, as shown in Figure 10 55, we generate 3 pixels for each of the

1280 positi gpgaeyzhkses We have a current position in kernel mnacmontss e
advance to the next pixel in Xor 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 unygtated i nput space. W consider the
novenent in_X.and Y t heir val ues dependent on the

. d i, t
print for nﬁ?“gtﬁd“ﬁ'é??éé’la‘xﬂéa?r}b'f’%“ﬁv% "p(see Section 3.2.5). For the green

.channel , = AY_=1 L th
Ay = 0. e 1‘2%1“8“2@)"388“‘3@ ad“%‘s .s;l@e gl’%lm%t%e 9&%‘*‘3 atthe é?é&s;é"gpm
Ve can now32denpaghzs. Eachdeaelds 1 lelema't Uhﬁ&\ﬁéﬁﬁeih'ﬂ thejtabig. ﬁhet%@f’ﬂté'gﬂiqam bits
IOonts ﬁquent |(t¥unc§l@@(j I3 m&'ﬁaﬁa\e@moh&t i m&‘f\lrr%ﬁl?(eﬁ%l dplce*aré Uskdb! Wéﬂﬁb thYkJrﬁéDm Y.
n the unrotated case i ract s
advance in Weé%tséﬂ’ - Fiey "feoﬁs ?qg%’l‘%\ﬁ? orginatgis '@3?1 cﬂ)‘{nf %e & 'B%‘c%é & m%%g?re nt
I n X andg Y cyiildsf e ¥ oirijnaB(s ueeds Siane thelkemetis symmatricybm sares keme! ¢ap ibe uegdrfer bothdbk up

assunes a $hatv!ting position set by software, and 20 two deltas AX and AY
with respect to novenent in Y In kernel space. The address generation |ogic

is shown In the FBD&dcﬁWtﬁ‘Qﬂéﬁ%tﬂﬁﬂwﬁ]ue%eLmrmhéé Fpiteisthe el qifestion

Col K t '

Chere are. o558 Bk S 1 478 bl F6 b SHEE RafuR A oo ol it and BT
Do 1280 ti risye ugantcdown &pmthat centor pixelpws generateTy pixeh (8Q0aNd psneraty the jhwo phxgls(ed,
Kernel x + Dsiz baaov (tnmue%na piké) 159 gerlérddas thken tK®e il cénter . tv@%émwmrme in

Ge t
o ol - G2 o Gl ne nE5 By it R il Rl T
Del t aX (1%@#&@“?@9%)""9'#(@'?@ the {280 pesiiRBY- nel Y - Del taY (rmverrent in X)

EndDo Col umKernel Y - Col umKernel Y + DeltaX (novenent in _Col utmKer nel X
- CoI urmKer nel X _ﬂ‘hwe[w?mtrpgﬁ{ionllq]keﬂel space. As we advance to the next pixelin X or Y in
. original input space, we add appropriate delta values to these kernel coordinates. Looklng at Figure 56,

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

We cons|der 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 biue channels, AX = 1/mps and AY = 0. sée Table 9 and Table 11 for appropriate
values of AX and AY. '

15

We can now apply the AX and AY values to movement within the kemnel. 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 fo 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:

ColumnKexrnelY = StartKernelY
ColumnKexrnelX = StartKernelX
Do NLines times (however many output lines there are to process)
KernelX = ColumnKernelX
KernelY = ColumnKernelY
25 Do 1280 times

GeneratePixel



EndDo As shown In the pseudocode, the generation of 3 pixels occurs 1280
tinmes. Associated with 10 the generation of each pixel is 2 additions,
whi ch can ormed during the course of the Genera i cycle
t ask. Eact@ﬁ@?gtepi xel task is 25 cycles, consisting ggﬂﬁﬁ@éﬂt@%of 4
cycles indexing the kernel via Kernel X (coefficients 0, 1, 2, 3), followed
by 4 cycles indexing the kernel via KernelY (coefficients 0, 1, 2, 3),
followed by 9 waft cycles. Note that all values are positive and fracti onal
only. The two car r§F=5a¥ & ¥roal ehRP ERFd SPYsTeP o™ Yt he X and Y kernel val ues
are output to the XedeslessKegeier-oRelta¥ (oveBertf By ¥Y)| (see Section 10.2.10.5 on
15 page 71 bel ow) .ceddt@eLraRiry out flags sinply indicate whether or not the
particul ar ordinatgsg for ﬁe@&ﬂfqr&?lﬁaby""fn@%@ﬂ gﬂg,i ng the mathemati cal

i | or

operation. Wapping can be el ther _above or, below. 0, but the result is

al ways positive. TEEhG EHPY "ML t"evBFE M ¥ sent to the

Rot at e/ Wi t eBal ancierfRarr§&®kpansi on Unit for wuse I'n det.erm ning the

rel atiye i nput | i nesndlx enoctliaxdrr@ge:. Déifax? (ibembntAtidxESS CGeneration for
Buffer 1 20 The Rega{m¥ & coddmxd=HA9S- bdi10m Blaldhd ialdft, Which consists of 3

i ndi vidual l'y addgnggosabl e buffers 145, 146 and 147 - one for each col or

pl ane. Each buffer can either be read fromor witten to during each
cycle. L = M N( FEolwgnKezpely =\fotpppKerneliny Dsltad {uovenentip ) pr ocess of 75 cycles:
| s broken down |¢lomBrseixs cflufiBempld € PeltgndmayenenpfinX® cycles for the
generation of @ash pi xel. Each 25 cycle set involves 16 reads from Buffer |
foll owed by 9 . - t } to during these 9
cycles. The 16 reads fromBuffer 1 114 are effectively 4 sets of 4 reads,
and coi nci de wAs shodn @ theipssudstodé, the gateratian of B pixéliceccws 1289times Aissacialed withh| ane.

o at i e ey 1ér MBI 1 2 ecufibhe! NRIcR C 85 heARAT Birndlhd Bifee LIMO VO
o o & Pehesstetianairytin sek God Rapere aBLies Iok § 25 CirfoacPrAFIva ol “eB Sh A ReR
(f ol | owe ihdeyngSherkeittel vig peheis fgoetiicients 0,aR) 3), folowed byt 4 cygles Indexir@ thelkrmebvas f or

the thir d.RLxqboefrtierid ®Wesl aPMoidhvedB) b waivGtis:) . Each col or plane has its own . '
starting Bufferl address paraneters. As the 3 sets of 16 addresses are

ggner ated f o][ K3 thabhll valdes é?ﬁ&iﬁﬁ@ﬁidtﬁa&fbﬁalaﬁlﬁﬂ'ﬁe twWaaln} duls froRi e adatidgef sanpl er
aavances [ on | nNne 0 { - out

D vt ok Yol et ot i SRR Songlalr o BURF X feoeisdBioh 462 0K Y 0

Buf f er_ 1pegedidslow) Thesesemy oyt flaps simplydndisate,whetheno netdhe partigulagerdinales fardher at j on
for the Gérhe? Arappea-diHgltiey malitbatidal dperatidilViappind.cah bé eilher dbbvect sroemplv D dattasl - t han

the red subbuffer 1d2 and blue sub-buffer 147 for two main reasons'. the,
green channer reyprpesen’ts a checkerboard pattern in the CFA. Alternate |ines

consi st of 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

The Resampler 112 reads from Buffer1 114, which consists of 3 individually addressable

20
buffers 145, 146 and 147 - one for each color plane. Each buffer can either be read from or written to
during each cycle. 1 = MIN(R, G, B) + MAX(R, G, B) :
2

The réading 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 kemnel for each color plane.

25



odd or even pixels only. To resanple the green channel, we nust effectively
rotate the than- 10 nel by 45 degrees. there are twice as nmany green

pi xel s t han weeskaeb! ue pi xels. Resanpling neans the readigig/adnboiBE e
sanples in the same anount of tine - there are still 16 sanples read to

generate each pixel in mediumres space, but there is a higher l|ikelihood
of advancing the buffer each time. The gxact |ikelihood depends on the

scal e factor used, wever, the sane concept, of usin RAM as cl.i cal
burtor 18 used f She pass Berisrptonber, e Generaias 1 SEresk fr Geinyaro e it e
entry RAM \ffoliovediby Dpitcydies) gecendieg tirddesses Br calauiatingthe $ecorcipirel(foliowed by O wait
entries. T ' | M6, | ldakON 1S Shown
in Figure 5 féﬁ_h@&ﬂgﬁ%ﬁ%ﬁa@ﬁk‘éﬁ??ﬁél 146 ﬁ@@ﬁﬁ"@ﬁg@fg%gﬁfd pattern

in the CFA. Consegutfdidripiane ha4TRE S biBrtiRg) BufePiVaddiesd pafigieRS AS the(3 dels o fs 39,
resent odd or even. I e current |ine

52, 65 | e O ' t

o hi e t ho PAPRREST REnpPot o o nee 256 POt BT i itg. P 20 B BTPPTASKEERS by
90 degr gedrommneline.of T2H0samples folthegiexiathe tiva carrf-pypbitefrénBthe Kemeldgdress Generalibren we
map a 4x %@%iuggt@ﬁ@gteqﬁgsg@ﬁﬁ Qdatgsg;,a,a,;,gg,g_e are two possibilities 20

for the Interpretation of the sanples. As a result there are two types of

addr essi'ng 104906 rcheéigbutfer 148het her the current line is represented by odd or
even pixels. This neans that even rows with inmage rotation O will have the
sane addressi ng asdresidgeneration\foritite gre@rysibiboffext146 Witk Beffen ¢ & 14 lagorb ebrhplibaéd] odd

pi X! 5. L1 iR i Bt of Gk Mlodt || Ve the ‘sarme

addressing as even rows wt I mage rotation 90 since they both hold even
pi xel s. Th@® deci $edpenshannahfereseely ajcheckabgasd @Z?mwaQFézﬁlémeteéMﬁqmﬁof
Sanpl i ng Type 25 ofitndraténipixelSohly STotresample thieigreah shahiéave ustaffectivbly foeatéth&eihnTy pe
2 0 OddoLine 8. Fg, 4%3 Loes, VO 01/20549 PCT/ AUCO 01075 -70 Table 32. -
Det er m ni ng Sanp |n8 %e otation Current Line Pixels Type 90 Even Line 8
Even Type [®* 90 seare %@98‘3 oAty greapPixels thaa red of biug pixeis Resampling mgang theigading t he
viay ‘we effect ]rc Vebﬂm?retsa‘_hﬂei iR thel¥aing @moly oftimerletiére afe. still Tm&n%_sekagr:@gaﬁgat?t ion
I S necessary for . T . r i 2. 5.
Assum ng for theegrrgtl)1 r‘r’g‘%“l' i"ﬁ‘glfrﬁvﬁe\g @Eéﬁ{; 3,9{ n%%% 's'(t% §§%‘5ﬂ§§§?§}5§§%ﬁ'§§1 esbé’fs%%'r?ﬁfhe, we
consi der the bufipeThegctikelinped dependsentheisqale fadinsuseflo t ypes of 4x4 sanpling
wi ndows as shown in Figure 59. Although the two 4x4 sanpling types | ook
simlar, the di ff"E‘f'%’ﬁbg"Q:fﬁﬂes@"ﬁPbﬁﬁ Ysi9 3\R)M, 3¢ a cyclical buffer is used for the green

channel. The green sub-buffgr is a 78 entry RAM with a logical arrangement of 13 rows, each

15 .
containing 6 entries. The relationship between RAM address and logical position is shown in Figure 57.

The samples in Buffer 1 146 repreéent a checkerboard pattern in the CFA. Consequently,
samples in one row {e.g. addresses 0, 13, 26, 39, 52, 65) may represent ddd or even pixels, &epending
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
for the interpretation of the samples. As a resuit there are two types of addressing, depending oh
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




whi ch the 4x4 mapping is represented in the planar inmage. Figure. 60
illustrates the mapping of the Type | 4x4 sanpling to the green

sub- buf f eryo HHaest N€ tOp 7 rows and right-nost 4 col uMmgcihGadidiPyn Since
the 4x4 sanple area is contained wholly within this area. 10 The mapping of
buffer pixels to sanple rows for the Type 2 sanpling process |Is very
simlar, and can be seen in Figure 6%, _In both Type I and Type 2

addr essi ng of the 16 san | es the e ?'re two ways of processing a row.
Processing of Rows! rpyjnd essing is the sane (relatively
speaki ng) as pm{j c{,m% d 3 of Tymg(e% Li kewiﬁge prccessi ng rows
2 and 4 of Typ u..i Fettat ié\/:—:l S PE ekt Ai'10\..c~5i ng rows |
and 3 of Type R B8 i il E ¢ e row bhddr2¥en; ng be A 170 and
Type 15 B 171, a$Oshoyn |qq’dF¥‘E|ur; 68 dven®ddstaitiniP88sitilon for the

4x4 wi ndow (wi ﬁﬂ@%&ﬂ%ﬂﬁ}mﬁ%a@v rstu@e%y% Srté@ely fotkitd 16 BEHer by 46/deglees. e CaN
generate_t he addresses, for

(for rgaltrds gt reeres Ee@a%famm%y%%m“éﬁa%@%%%ﬁWsiaﬁlaﬁm e
bosi Ci on. _The- APROIB Ryt ent “@ﬁﬁ;ﬁ bl o iEnfl e SRR Fp

fromthe bﬁftmaqqpsyegmq;am-@nqmwamvf 4t awindgyws 2s,aBown in FigwedPr st sanpl e
poi nt for the next line and nust take account of the number of sanple

col ums). Aft eﬁ'"@@ﬂb?‘&t“!’%&e‘&ﬂ'ﬁ““ﬂd%‘&f“ﬂ sz, iha differRace QMER APM A WA TypeA
and Type Rhic e 4x9 giappidgds repesentetin thg pidner imegh: Eigsre S0 fillostrates Shengépping of thef 16

sanpl es #,,g ppxg%;}n.ngiu% gteg{;. L.Muﬂg e.ﬁw%gefd&u amﬁgmqstwcanmmmwz 8

caters fol the tart Adr TypeAB =

W ndowst Sipeertg, x4 SHBP'ﬁa'F? i gentaingd wholly withip tis area oy Agr 25 Adr ( Adr +

Tabl e{@ypeAB, nod 78 or WO 01/ 20 / 01075 eAB =
NIT ' -peN s B%mapmg °HB'E?&5’E olf 10 5RMPIR [N, ?’?Té‘f ésa 6'19 péos?ess‘svefyo m'%(])pe A
170, and ard éapibe $ggpdn FiguteBit. addr ess of f set generation. The offsets are all

relative to the current sanple position (Adr). 5 Table 33. O fset Val ues
for 16-Sanpl e Auhithelype Gonddven? WMM%'N@W%@WWE@@W’"M

row. Processing of Rows 1 and 3 of Type 1 addressing is the same (r_elatlvely 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 ¢an 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 depehd-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 6o|umns). After ganeratjng each row of 4 samples, we
20 swap between TypeA and TypeB. The logic for generating the addres_ses 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]1) mod 78
EndFor



0214 0337 101 11141012 1 1337 At the end of the 16 reads,
the TypeAB bit will be the same as the original value (loaded from

W ndowsSt ar t Tygadnesfseadi ng a single set of 16 sanples is naictelugings Thr ee
sets of 16 sanples nust be read (representing 3 different positions InY
in unrotated input space). At the end of the first and second set 15 of 16
sanpl es, the kernel positions are updat_?j_by t he kernel address generator.
The carry bits fromthis update are used to set t:he-wi ndow for the next set
of 16 sanples. The™®fF 2dPF y¥"Es index into a table containing an of f set
and a 1-bit fl agEndPhe offset |Is added to the wi ndowstartAdr, and the flag
IS used to det emrmmhm—m—rTor—ro—rnvm‘t—vmmmy'pe The val ues
for the table are shown In Table 34. Table 34. Updating WndowStart Adr and
W ndowSt ar t Type Thelopiup seblecconsistsyof 8 gntties- A fanTyped 0\ and 4 fanfyred 174 s offsey 0
No change genetatibn. TRY 6ffsets hrelall telativeltoatic currdnt Bariplepobiiorcfidd)ge At the end of the
third set of 16 sanples, the kernel positions are updated to conpensate for
advancengnt in X i n Tahle%OtsetValues fos fa8ampld Address @aneration]i f f er ent noti on
direction is produced, So a dijferfent fset7TypeAB nodifying table is
used. W cannot a offf seMs th + @8 refit 25 wi ndowSt art Adr val ue,
because that represents a pgdition f#b novenenls in Y away from where we
want to start the jmbvenent. |@Gonsequehtly we | opd wi ndowst art Adr and

W ndowst art Type frjgn WO 017303549 PQr{/AU6010107% -72 another set of

vari abl es: TOpStarLd-\ur ana—TgpStartpgly -, representing the first entry in the
current |line of 3—FHhe— fromthe Kernel address
generator are usedt-olookup—Table 3L to detefnine the offset to add to
TopStart Adr and wHether or gdt to iplert TopSthrtType. As before, the

addi tionoi s nmodul d 78 (the di2ze of the green. RAM. The results are copied
to wi ndowstart Adr jand WndqgwStart Ty for use|{in generating the next 3
sets of 16 sanples. Table 35. Updating TopstartAdr and TopStart Type 5

At the end of the 16 reads, the Typeas 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). Ai the end of the first and second set
15 of 16 samples, the kemel posmons are updated by the kernel address generator. The carry bits from

this update are used to set the wmdow 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 WwindowStartadr, 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 cumrent
26 WindowStartadr value, because that represents a position two movements in Y away from where wé

want to start the movement. Consequently we load windowStartadr and windowStartType from
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the start of eagh—rmewtHrme—fsee—Sectgnm 16214 Nd.al?ﬁg‘eln 7—Red and Bl ue
buffers 20 Buff g—t-—s—ted—spb—buifer b—anrgd—blup—Sup—buffer—47 are sinply
2 RAMs accessed |as (‘erlra huflaprq arhmuffp '"Y@rqn bytes! but has a

| ogi cal arrangedent of 6 rows, e8ch cdhtaidfng 6|8t ries’ Thb rel ationship
bet ween RAM addrless amd | ogj cal. positijpn | 93shownNeehaRgegure 6B. For red and
blue, the first I6 sanples to be read are always the top 4x4 entries. The

remaining two aférimuessip tiangi0cmtsaofc setd ot sappisa. by neXtding eitBadegihgori t hm
at thite $430Rr ind Q&‘urésgqfﬁé Bmoﬁarwmn%%hlnﬁﬂm&ﬁa GAGRINR. SinteSi MPI Y

ﬁm&%ﬁ&?&
astartlng position In thl s case 3 Dé ?‘?S of .addition

modul o 387 SATPIETRIGAWRYE I9afie Intp e laree ) fulRs deve R wass gt R e ) 20549
PCT / AUO O sérid)pdsition in Buffddb (i.4. tobstesadiocad beiloaded fibiRa consBR rosifiduidcR flowévad Do ADR-
= ADR + 13 MsPwafy adolfwiid type we are dealing with, since the type depends on how much we :

advanced. Consequently we have an initial Position0Type whioh 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 mndowStart'rype. _exoept that it is performed on
15 position0Type instead. The new value for PositionoType 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
cydes'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)
o5 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 the gregpadge essing schene to the red and blue chamglsenang sinply
use different values in the tables. This reduces design conplexity. The
only difference then, becones the addition nodul 6:36, instead of addition
nmodul o 78. This can be catered for by, g _sinple mltiplexor. Looking at

t he vari ous address generation tables for green, and considering them as
applied 10 to rBY*d®™®lue, it is apparent that there I's no requirenent
for a Type, since Potitivdse red and the blue channels do not need to be
rotated 45 degrees. #® < hmd + wewodass safely i gnore the Type value, the

red/ bl ue equival engy40f, Tabl e 33, shown in Table 36, has two sets of
identical 4 entries, Table i QO fset Values for 16-Sanple Al dress
Generation (Red/ Bl &)= 2R A8 R fset 00. 6 016 150260313 10
6 116 126 ERD®I13 As with green address generation, we nove twice in

Y before advancm‘g‘T‘o—rh‘e—rTEXT“ETmmﬁm blue there Is

no scali ng bet ween novenent I n kernel space and novenent in the n
space. There is.&lowsvendnis gddmgss ganeration 5 Is diffepent frpm the,argen ehapnel. égﬂ‘éﬂ to
xer nei X ( sdenldesigndivo addckdsimgasech@risensait is possile tdSapply thegrekn adﬂr&@mdsd)an@agm réd) .

As a result, ¥ElehGk
Tabl e 34, dem@ osﬁs/as"l?%fmpwd}'md 'Encel}sse%“r‘lledegb?e\égfms@%;ﬁﬁ es' vaI ues o?‘Il 00 or

on
01. In thé’"&&E“@“’ ‘fe‘bﬂ' beaqres g AL Mequis 36, lostreyl oftpd % F8n dfpis can b
W ndowSt ar tcikered for by/d siwipleBultiplexésspe, so this is correct for red and bl ue
also. In the case of 01, we want to add I to WndowStart Adr, and don't care
about W ndowSt ar tL¥sking at tiF eariguscadrressgenerstiop Aables Ifian preém ard ¢nnsiderng them as epbligdyr

red and 18| yered RELIVD i Tlapparert BaEthérs imvramanamforbryde éiﬁbe%dﬂrﬂﬁﬁr&d Spitthe BlkdTeS,

| | /
o0 e B, 0 5 M R S D el B o o 2
and Topst aredibjysequivaiant of dable,3R; skawn in Tibleds, ee tworsetsiebidenticpl # enttiest and addi ng DYE

tq xernelY), the car out from xernelY will _ al ways be O. ed/ bl ue
equi val ent of Table %‘3§‘ gmﬂ?ﬂ%‘r'&'J’Gﬁs %’%fﬁﬂﬂf @PI}EH’@ e is no

Type col um, since Typfyd'egsnot | mpogt ant for"ojﬁgg{ or B ue.
- 0 o
0 1 6
15 0 2 6
0 3 13
1 (] 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 Kernelx (see kemnel

address generation in Section 10.2.10.4 on page 69). As a resuit, the carry out from Kernelx will never

be set. Looking at Table 34, the oniy possible occurrences are Xernelx/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 WindowStariType. The green values can therefore be safely used for red and blue. The worst

25 case is advancement by 1 in address both times, resulting in an overiapping worst case as shown in
Figure 65.



Tabl e 37. Updating TopStartAdr and TopStartType (Red/Blue) 5 KerneiX
Kernel Y CarryQut CarryQut Offset' 000 01106 11 The process of"
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process sinply il : ] 0), and a multiply
(255 ceiling), bo i against d N or anmfl 20 rnn:f nts The structure of
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speci al i zed 8 Theactval taskof Igading Buffer vt from theuinageRAM:Y involvesgheteps pirplationpy t he

8-bit s C%ﬁ t‘faﬂﬁéeoénd(r&da lelqandidn 14 %Hbﬁﬁbed'b?%&&ﬁﬁ 328 andBédtiort 1£4.1T66 p&as bits of

t he resul rese bi o) nt eqger. and I.Ls :
e o T8y St s Sl BB RGP or el 5" R g PR B oy 1
hi gher t thatduling a sihglegrud oﬁﬁmdei;e'eln unjtrpusthe a!rlertwetl Pmmss.tméswelsﬁqmb?ls ¢ he
entire 8pjye pixels, and 13 green plxels

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 deﬁhed in Section 3.2.4. The process
simply involves a single subtraction (floor 0), and a muitiply (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 fhg 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 thé_p'ipeline is red, green, or blue,
the appropriate low threshold and scale factor is muitiplexed 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 nultiply unit 174, the majority of work
in this uni tw%ﬁ kY fOorned by the Address Gener ator 175, tGAudoRters
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 cycle,y50nly one access. can be made to

Buf f 1 114. O the 75 ] abl f 16 .C d f
CoaU ng BuT T er 1 The St |72 S s%é%-sﬁiwﬁ St g 1o s ke Al el g
fol | owed byalSe, aad basca/firoed.0. Thect-bityesutds passest anl to Uie spatiatizedid aa)mltlmyumﬂewhnf:mr 25
wites (6 h@ﬁguﬁé u&'d%vamé P%ﬁmscaﬂmoﬁrsaﬂsofw@oﬁ WedeRA 5 Oh it¥ t5p 7 hits

satisfied | e wites to Buffe coincide wth 10the wai t
cycl es of fﬂ?éeﬂﬂég'ér?ﬁPte?“dI‘?P?senth'Wi"iegf'9&&3%%%”’@@19@93‘? Mylplien? 74:5a8 p &8st Once
t he resanpkeiing opzssceﬂ&ny Bit Hiighentharopit Mummevmbtyse: esis resuliafithesrultiplyvthietentirg 8t 0

Buf fer | dukesa r&%" %%ﬂewggﬁgﬂggl 112 is not reading fromit.

Si nce th Ier sets each 75 cycle period, there are

27 cycl es avai | a%gnmﬁm%hwaaanu. awﬁ.uﬁmamﬁrmma,m;ofmh%uams
fer| as fast as_possible wite to Bufferl

~want to | oa
1Th ehon o putoghed:taing Adeipss baraica, 7, Wik, e SiRNa e, SRBURERY 1Y e,k The |
st at e nachiddressigaterstiok sgotvdmed by twodfaciars @ algiven cyelecaniytine acégkecap\be mage tothaie i s

| oaded frogpg Mntbn aP#OSh Gdle, léﬁlS' Gﬁkéééésgéad £% ¥dab Eoté%ﬁerg?lﬂ @uﬁﬁﬁ%fbﬁéeﬂrrég; gr o

color in Bufferl one ater ddress Generatijon f
i nvol ves a®eigt ?‘%ﬁdﬁ@g‘?séf?dﬁf‘bf?'?ﬁqm Tofihe getval ysage 'SBPEF&%%%CPV
sub- buf f er 46 re"ﬁhsafolmned biné waithycles That givesiataltalchf 27 Biailablactyclas ol 28wdtes Kﬁjed, |65blt(6 at
the start gy ieeﬁ;aﬂis .lnéa?,e mm&&ﬁ&aﬁ.a%ee safétidd hb ing 8GHe Wiitkd' 16 BLtférﬁsbanﬁéMh the
addr ess10 nﬁ}? mﬁ o{ | apping at 36 or 78, depending on whet her
t he buf fer "5 qufﬁls tf‘%ﬁe"’taﬁ Ps''ed, green or blue. Not all colors are 20
witten eaghasj 1%&3:&&%5&.-9&%:&@%4% of green will typically require
era re

repl eni shing at tw ce or blue, for exanple. The Ioglc |s

h th f |
Red But fer]. ot (DbAPrRRIARFRRR o whind. 06 gfothfborkbindl i Sk S8 dyfy |
witeis B ﬂ?@em when $rgfResenpier 1 mm‘%mm #-Pingp fhe Repannigr f1as ﬁﬁsf‘gl’? reggs
Bl u eAdr  BleashA8Icycle fillriod; Atibre are 27 cyplds Bfailabld fororiting. When the resampler is not running, we

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 colorin -
Buffer1 one cycle later.

Address Generation for Buffert 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 ail 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 Elge

If the codlor to write is Blue



If the color to wite is Geen Wite to G een Bufferi at G eenAdr ‘GreenAdr
= GeenAdr + 1 nod 78 5 Endlf 10.2.11.2 Address Ceneration for |nage RAM

Each pl angyg ﬁﬂzob? read in one of two orientations - rotgatpdubmbysor 90
degrees (anti- clockwi se). This translates effectively as row w se or

colum-w se read access to the planar image. In addition, we allow edge
pi xel replication or constant color fgg reads outside inmage bounds, as well
as inage vvrappln for such print fornats as Passport 31. 10 At the start
of each print 'ffgt‘?/v? ﬁﬂ?t“?geéa * " ffhgeRAM 11 to | oad up Bufferl 114 as
fast as possi bI@?eﬁﬁhi-sBleqMat*es mpd 3@ single access to a sanple each cycle.
Resanpling caneal y occur once 5 colums have been | oaded, which neans 5

col ums of 6, p“@nglglséapggeﬁ,mg&r a total of 125 cycles. Plus an extra
cycle for the final value bﬁ‘a&%ltte out to Bufferl 114 after being

| oaded from | mafa¥al Rﬁf’iee“ %958 %€ount i ng easier, we round up to 128
cycles. After theretipix Gro@ady ¢|lgwd Bhe checking for the requirement to

| oad tphe next makmuim of 15 sanples for each of the 3 colors occurs each 75
cycl es, wth the—appreprrate—sanptes—toaded—durtng—+he—stbsequent 75
cycles. However, the Initial setting of whether to toad during the first
set of 75°é-9t¥é@dqusﬁ°mwm§°ﬂ'mﬂﬂﬁ%ch color. This enables the final 6th
col umm of each color within Buffer 1 to be filled. At the end of each 75

cycl e period, Ead W@P?&MBGPEPT %9 ariepntions c Friated By O 91 9% degsresi (M- Ker nel
Addr ess Gaﬂeﬁsal Tis iransibies efféetvalyps ewv-viskdr caunriiskedd saesiad the planae imdgetiie next

col umm ofyy géqg%xgn rpﬁoétﬁﬁ‘grcoﬁtéﬁ\ Laidr 0¥ re u‘bﬁ&%ﬂ{i&e’-ﬂo?ﬁdspéélw%ﬁ akestarts

t he process on t I"'ow n the xernel YCarryout flag is set. 20

Si nce ea@??'ef”@&l’,f"gfé'fﬂ"@bﬂfl"flf@ b 78 FBPRUt Y- or 13 reads to fill a colum in
Buf f etd, we ke tarti oSi ti rde o, .advanc 0 e next
'‘read' . W al sgptﬂﬁgﬂ? wgﬁ'ﬁﬁf’%"\ﬂl"ﬁgqlg ?ﬁ%“’aﬁ@%é'hﬂ? :;'E'has t
out - of - bespassible.Jbis@dnvatasdea singleargessdo emlemamdﬁd#hammmmlumtm col or,
and i mageg couum&n.avé%em&h%u Giéhich ieBnsBcbiuMAs df BR)Enc13 Bamisles)R dBtal¥df 135 d)ciés.

PR CU1 e T o o el 5 e e 5 S ) Bt s -

i mage, | r'lBégdBAM M Tp makpcthe eunting easier.wesoundupto 12Bexclesi n ternms of |ines and
pixels. This is shown in Figure 67, although the space outside the active

 area has been ases derofitst 128 qyeles. dheasheeng forshe teapitement ioclwadathe e rolumn of 77 Note -
t hat Naéne&nm&ws&h(o@me 8 boldts odeli® ech a6 tycies, with e Apprepiriate garmmesadadedduring e xel -

Goner at | SiberuiFe Biobd b (i gl o e
MII 15, eMewd fe'lf@@rwlsbilh'as"aaleé"'ﬁﬁfea Pt srlymnef eachgpiprovdtin fuffes A dn hedilieds o 5
At the end of each 75 cycle period, the KernelXcarryout flag from each color plane of the
Kernel Address Generator in the Resamplér 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
Kernelycarryout 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 aclive area. Thé 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
87, although the space outside the active area has been exaggerated for clarity:

26



line sinply continues until the AdvancelLine pulse is received, and may
I nvol ve edge replication, constant colors for out of bounds, or |nage
pi xel wrappiygoifuséd we have an address, Aar, of the curreiT/A@aRids and
want to nove to the next sanple, either on the next line or on the sane
line, the sanple's coordinate will change as expected, but the way in
whi ch the address changes depends on whther we are w appi ng around the

i i d wh d Wh
Chere i s no.r apBlgg Fnf g e ) B vB S of e den PRl R REETS mnlE T
31), we paerefaisopixehanddive counts. HoweverhsieceIRidegss ganeratibndn o flom Kefnelecagy oyl aed . To

rotate an iadRmgeLé p%Qemﬁr RERMJI {dmesmeéﬂeeun%s B! bt ﬁi@n@& m@sé—bémra@&ﬂoniépi(igl

val ues. 10 _Looki 38, tine that

When® P xel 85 S50 oghuser i g Aangl e ey Fcehvel and 5y TBGNY G, plRAe s
sinmple rul sglsmrcmfbrdveofbmlndsiOﬂmagwgﬂew'pppm replication. O course, if a
constant color is desired for out of bounds coordi nates, that value can be
sel ect edgi n i nst dfawe keve amaddpess. pdr.oof recayrrent semple, 2pihwaniite ape todr nextsamply,

gl I 0\|N wr aﬁl&!ﬂﬁﬁon We nSikt Ve o oh AERRAMB lihd) q.emaﬁwewatesm%raiﬁaigm (charige &3 e)fp@&ed— bfl&h@nd
I xel with_t e ctions to rm en vancl Pi xe

i me 1 L1 el oy e S chiigat Shbertdd ah ot W SiSihogafnd ARind o pilve dGe., afi
Adr +Al i ne mugt prodoek edge piigl replicajiginwhen pgeded= Adr +AlLine 0 + Adr Adr +ALi ne
20 + O Adr = Adr + Pixel + + a. W conpare the current Una ordi nate with

, : npare :
AdNeSt art LI ne andVhep there Erftauyaeping) 4 the insoe (4e ef pintfaomats iexeept Treseas 31w
val ue ' V. Ipbrfofa tthe\aefidna inl tdble 38 as wé advancedis ime&Epdéurla,rbm afi ihdge by 00 defass, the | f

Act i vveEnd %ﬂrét\ﬁ ". b.. W conpare the current
Pi xel ordi n'ég?eévm fﬁ%ﬁ%@ygr b%l Xe ana ActiveEndPi xel. |If Pixel <
ActiveSt@rtPi xel ,Lomgfaaﬂmetahemya{wnmat abi oh%ﬁéds‘ésﬂb? | XeRJ,nsﬁ b.xasbdsaes o<ana

Acti veEndPi xe e. val ue Active , We ca
The verne: oy ALing g Tinesaras s i ollisipo tare Fmele rucs, agx i, By (IO e ediB APBht o
"descri bed replicelitrl. ©f 8@irsebifia cmtsbnt doloeis desickd fixtogt df bounde soandinatesf thitoelue sarn( be e.

movi ng froaagc:édqnﬁ;teamthunel@é&or{;&at@%pwa&a%uw val ue not WO 01/20549
PCT/ AU00O/ 01075 -78 based on a delta. Assum ng we keep the start address

~for the current |igullov@rabfiRf, wiEimpIR BomhkeANG Frevisus sérid8 (-bl+3tor LiRé arldFikelVathithd | N
once the current tine has been generated, we can do the follow ng:

Table 38. Actions to Perform when Advancing in Pixel or Line

18 Line® | Pixel® |  Pixel Change Line Change
- 0 Adr = Adr + APixel
- +*
0 - o Adr = Adr +AlLine
0 0 Adr = Adr + APixel Adr = Adr +ALine
-0 + Adr = Adr +Aline
: 4 -
20 + ) Adr = Adr + APixel
+ +
a. We compare the current Line ordinate with ActiveSlartLlne and ActiveEndLine.
if Line < ActiveStartLine, we call the value “-
If ActiveStartLine < Line < ActiveEndLine, we  call the value “07.
If ActiveEndLine < Line, we call the value “+".
b. We compare the current Pixel ordinate with ActlveStarlPlxel 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



If a change is in Pixel, and the pixel sense changes fromO to + |

(indi cati ng we have gone past the edge of the inmage), we replace Adr with
the LineS ?ﬁﬂgwand replace Pixel with Active- StartPi $efaubddifis’ €mai ns

t he sane. a change is in Line, and the line sense changes fromO to +
(indicating we have gone past 5 the edge of the Image), we subtr act

Del t aCol um from Adr and replace Linesith ActiveStart- Line. Pixel remains

th . Del t aCol is the ad fset f t he .add f
(Pixol . AR &ala: GPHEIPS P SHFR 7 R sdiet o bR RS 27 b gt &,
I ﬁadi ng ttlireesrt]am?fmaummooéetbmrhmﬁnqlaspbmgelfemd.wes}amﬂyplafdbwgg:on color) is
shown in the : = ga,rm ﬁ%’g | =

Fi rstSamr}I ePi xe@c@%g%@ggﬁgﬁgﬁéfg%nﬁﬂﬁ%s (Ghor géh%?a@le?%%ense =
Pi xel sense( pi xdeedgpefdhe imagsd edeplaceAdewilb taeddneStargr and replape, Rixel with Active-

( (ol dLi neSense smrPikéiAdieirethiginsAhd3amel dPi xel Sense == I nActive)) |If ((NOT

| NACtive), AND X n%%t-s"%ﬁj £i e, §ML e s Jn ! +.(iillé Jlivﬁql% é ast
Fetch(gdr') EndIFP9RE LM AE o LT I heSense(line) == "+ B
wr apl mage)  adtheedgayf the inmmge), wesubiragt Dpifagalumn fiom Adrany mplag Line with AgtiveSiar-

(E ( I&: ][IGSE nz eDg | iTEﬁ-)s. Pixel r'_'eE\Q}usf $HolBankd, obl&bblp.a&emeeadaﬁ'lsf:s) dffsetgd}rgel?er?idy the addpdss aLi ne
n n setftin r ar, . I rst Sanpl eLi ne,

Fi r st Sanpl ePi xé’F‘,”"g‘h‘%‘"V%far"Q{‘%’z'%n%R%ﬁrﬁﬁ}gk’f"ﬁ'“gﬁ’é address generator section
t hat responds t F% Bt E eI as
wel | as AdvanCe_leﬁQE%ﬁ' se “Hom F%Ee&i%]awa&r gﬁelpgch’ o%&?%ios paptggtg’?mt he
addr ess inpthe Qlng REUEPFOHE shown in the fol | owi ng pseudocode: WO 01/ 20549

PCT/ AUOQ' 01075__-79- FirstSanplebPixel 0
line = FirstSampleLine

10 pixel = FirstSamplePixel
‘adr = FirstSampleAdr
Do N times (6 or 13)
oldPixelSenge = PixelSense (pixel)
oldLineSense = LineSense(glLine) .
inActive = ((oldbineSense == InActive) AND (oldPixelSense == InActive))
If ((NOT inActive) AND UseConstant)
Sample = COnsﬁantc°lor
15 else
Sample = Fetch(adr)
EndIf
line = line + 1
If ((LineSense(line) == *+”) AND wrapImage)
adr = adr - DeltaColumn
line = ActiveStartLine
ElseIf ((LineSense(line) == *07) AND ({ocldLineSense == “07))
adr = adr + DeltaLine
EndIf
EndDo

20

The setting for such variables as FirstSampleline, FirstSamplePixel, and
FirstSampleadr is in the address generator section that responds to camy out flags from the Kenel
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 pseudacode: '



Fi rst Sanpl eLine = 0 First Sanpl eAdr = FirstLi neSanpl eAdr -

ActiveStart Address count = 0 . Do Forever 5 If ((Kernel XCarryQut) OR
(AdvanceLi ngyg\Npok@r nel YCarryQut) OR (count < 5)) Do N Sagifmosfdrst his
col or plane (see pseudocode above) Endif ol dPi xel Sense

Pi xel Sense(Firstsanpl ePi xel ) ol dLi neSense = Li neSense(FirstSanpleLine) |If
(AdvancelLi ne AND Ker nel YCarryQut) count .79-0 10 FirstSanpl eLine =
FirstSanpl eLine + 1 Fi rst sarrpl ePixel =0 If ((L| neSense( Pi r st Sanpl eLi ne)
-_"+") AND wra y st Sanpl eLi ne
ActiveStartLine BreerrPeirthafense(Fir st Sarrpl eLine) __ "0") AND

(ol dLi neSense " Qrirpesampleigne =n@sanpl eAdr = FirstLi neSanpl eAdr + Del t aLi ne
Endlif 15 FirstSanpleAdr = FirstlLineSanpleAdr Slself (KernelXCarryQut OR
(count < 5)) Fir glysaamhei-xebirstithésdhfioni! eRivi@dstaredaarepunt = count + i |f
((Pixel Sense(Firg géla:l np ePi xel ) ==" +") AND wr apl mage) FirstSanpl eAdr =

Fi r st Li neSanpl eA Adr Fi r at sanpl ePi xel ActiveStartPi xel Elself

((Pi xel Sgnse(Fi r 8 &FTepi xel ) "0") AND (ol dPi xel Sense 20 "0"))

Fi rst Sanpl eAdr = R $&kemepicarpput): Belrtwpiekine ANDertel FiagryOopt) @n (Prnt25 530
01/ 20549 PCT/ AUCO/ 016d7 sampBél £dOthiz koforRaghes e pSeuideddy above)

Endlf
oldPixelSense = PixelSense(FirstSamplePixel)

oldLineSense = LineSense (FirstSampleLine)
If (AdvancelLine AND KernelYCarryOut)
count = 0 .
FirstSampleLine = FirstSampleLine + 1
10 FirstSamplePixel =
If ((LineSense(FirstSamplelLine) == *+*) AND wrapImage)
FirstLineSampleAdr = StartAddress
FirstSampleLine = ActiveStartLine
ElseIf ((LineSense(FirstSampleLine) == “0”) AND (oldLineSense == *0"))
'?irétLineSantpleAdr = FirstLineSampleAdr + DeltaLine
Endif ) .
15 FirstSampleAdr = FirstLineSampleAdr .
. ElseIf (KernelXCarryOut OR (count < S))
FirstSamplePixel = FirstSamplePixel + 1
count = count + 1 .
If ((PixelSense(FirstSamplePixel) == “+7} AND wraplImage}
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartPixel
Elself ({(PixelSense(FirstSamplePixel) == *"07) AND (ocldPixelSense ==
20 *0¢)) _
FirstSampleAdr = FirstSampleAdr + DeltaPixel
Endif
EndIf
EndDo

25



There are a nunber

They are

sinply exghg

of

regi sters that nust be set before printing an i mage.

sumari zed here in Table 39. To rotate an image by 90 degrees,

Del t aCol utm val ue.

Printing 5 Register
Tile image reads to replicate image wggn out of inmage bounds

PoRsiohe Del tal -ine and DeltaPi xel

val ues,

POFARGNDAE anew

Tabl e 39. Registers Required to be set by Caller before

Nane .Description |Image Access Paraneters Wapi nage
UseConst ant

If O, i i cati on or wrapping occurs on reads out of inage
bounds. ”ﬁgfifg%‘%&‘fé fURMAYsl or Is returned. Red AcfiveStartAddi essR The
address of red.saml e

ActiveStartLin

"TRE

? gvum%er ?%g? Ee}’flhéfe EnUSt'%%tsley Sé&rg é)tnl'lling
rel at i onserynarizedcheds in Takle 39 é'Em!iL@ Arcimagsby 90 degrees, F'H'E’YGmha'Eﬂe t

an Jrﬂeyl( ?rr%geRAM
inefand t he

i mage i NpeRixsiRakes, artiproviet ainaw DEltaCoiufin Yane. f i 1 st valid pixel for the imge

in red space (in relation to pi xel

0) ActiveEndPl xel R The first

pi xel out

of bounds for the Tabps. RagistersiRequired tolel setiby Calier befare Rrintingt t o add to the

curre MOVE fromone I ne to the next rn red space PpeltaPi xel R
The anouft. i A e current addressPeseRliole £ om ane pixel §o the _
next on | Imageacoess Rammetams r ed space 15 Del t aCol urmR The amount toladd to the
current pyiskpessget 0 noV ¢ Tie imagecregais teereplicate infage whensiut dfinmage béuntidhie Acti ve i mage
area to [{&Comdant PI Xe€l lf@ﬁmtaf&bdbé fepiicatioh BAwrappinglobéurs oNGéddy Gutbfimgge area in red
space. (pnst ant Col or R IReeundl or val ue to use if ‘address out of b¢unds and
UseConstpnt =1 Green Ag#fitvae@nstan celetissew@ed:he address of green safpl e
(ActiveYred Prxel, ActiveStartLine) I'n 1mgeRAM ActiveStartLines The first
val i d | i [T EaradGr el ens ReAREEETTod AP (ASNESTRPRA RSN eERrdihd)h O)
ActiveEnfLineG The fir <simdgbpamout of bounds for the i nmage I'n green space 20
rAg N ﬁ‘g} RvASHErLHeRt TC 1 Thefirst VANld b 101 (R imabein réd%ﬁade'ﬁﬁﬁb‘i‘at:bﬁ‘toﬁﬁeﬁﬁ” Space g no
; Ot oot
i n‘age I n A‘}ﬁma'jl ef FE“]eﬁ‘ﬁrnM%o@di@r?‘é '{maﬁé ,'?rlzl{léd sia n ST -Yal addr ess to
move fr ofGESHPREIR, o { The rytai pixe foy thedrmage i red space in relalan ool Akpunt t o
add to t hactveRndRiraliR add i dhesfirstoixehovteof Poupda forrtee imgedn radgpacehe. next pn the same
line in poembinefpace Del Thsmountidaddiethecuranttaddress scrdove borh bre lioeiotrent  addr ess
to nove from a pixel i jnexipredspace
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 plxel 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 (ActiveStartPlxel ActiveStartLine) in
ImageRAM
ActiveStariLineG 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 1o 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 velue to use if address out of bounds and UseConstant=1
Blue




| ast

the Active Inmage area in green space.
ut of bounds and UseConstant=1 Blue - pemagaies - - -
PCT/ AU00/ 01075 -81 Table 39 R Isters Required to b

touse if a

set by Cal |'s. before Printing Register
The address of blue sanple (ActiveStart P1xel
ActiveStartLineB The first valid line for th

line of the Active image area to the sane pixel

vo o8 s

on the first |
- 25 Const ant Col or G Green col or

Nanme Description ActiveStart
ActiveStartLine) in
i mage.in bl ue space (i
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[1] Silverbrook Research, 1998, Authentication of Consumables.
[2] Silverbrook Research, 1998, Authentication Chip.

image in b ueR 25 Name 1 for the | nmage
In blue sp e pil xel out
of bounds {8 AeEtRe i T‘ﬁ? 'f'?;"hdd to the
current adirpcc t o _mve fleBRYeRA lLine to fhn next in hlue Space
Del t aPi xel BAqiveSteriinaBt t o The first3lid lige for the frpage inhiterspace (n feiatign fo "F?Q?m one pi xel
to the nexActzeEndbireBs ane |IThadirstline bitgtboundsder tHedmage@obluespBeeThe anount| t o add
to the Cg AlliveSEHAHEBS 1 ) TR Tikst valldpRePfofthifags iR biud €pace G telatien1e piRdl 0) Active
Iblrmgesg;cg h&v&éh‘aPﬁéiﬂe pi x!ﬁbﬂ@{jb&eﬂﬁnbf'bm{dsfoimﬁ irﬁng m‘H\PesﬁEée' Ve Tege a{ egf' n
u stant UI ) u
" bounds and Bgna "ﬁss?ant =1 a'T °"e%§£nt§gwé‘r']"cf"%gﬁ%as‘Egé‘é%cf%ﬁmooﬂg&%rtgﬁn’éters
RedLowThr eghetd—8—b+t+—vaty O
G eenLowTh| BEREMHBS. b ¢ \afqugﬁﬁ? ggﬁ m;gg?sﬁ eYg e 9 Rheelto
Bl ueLowThr ¢shold—8--bi-t—v3 A—B-H-e—RptH—val-4es
RedScal eFafPgECauBeg scal o e velm ':‘Egélﬁ esa%‘:g’g 'g‘etg peel 'g‘ae i xel s
GreenScal eFactor 8-bit sc pagéange pan5| on o gen
pi xel s Bl heSeateFacior : t age—e J“.“."'_r" of bl ue
pi xel s 145 ? SEEFBET‘Q\NQ oy .t.* -1_5: % 'L!if .( ‘thn of
Consunabl e LW""?%‘a“§¥“W%%@R"W§éM“JQQS Aut hentication Chinp.
" Al t hough t hRedlowBmeshod hJ S8-Hijeralne slibtrantadifront red inpwt valifeer ence t o specififc
exanpl es, | GreshlowTiresholp [ iBemivalu@subtrisediomatoen inputiveldes n the art, thgt it may
be enbodi efalBREsheINC1| BloRvERe subbicted Fom DR Hput 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
15
1" REFERENCES

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.



20 nunber ed paragraphs provi d a further indication of

the scope of the invention, novel and inventive features and
conbi nat i Qg gfek@at ures w | ,m B[!ﬁ,ﬁﬂ,’, t"’m the di sgrAviiRAeisherein. 25
--------------- V\l)01/20549I Lhiljrjiilij ~ PCT/AUOQ 01075
MS -82 W.dalm 1. A nethod of providing an I mage for printing at a
predeterm ned bWevel dot resol ution oggl_ch corresponds to a predeterm ned
continuous tone resolution, the nethod including the steps of. receiving a
first dat¥e@¥ jndi cative of the image, the data set being in a Bayer
format of afirst ol u convertin r st fa Into a
second data set" of A g‘ éﬂ'i‘g[&g'PﬁF ﬁ'?—?&e@63?'\"'?&%3@%‘8%"%35’8‘[%&{' Eﬁﬁ&"t%"
convert i mich baerespoodsaia ad&mtermmtad continyioys torre resplutior, the method ipéludirigdhestepd et er mi ned
bi -1 evel dot reso}e&mmma&wha.eavémet..hégedndaé@sese& @Béy@ttﬂ)rﬁraE& a

printer at the predeterm ned bi-level dot resolution. A et hod
according to cl rshiepoldBr ein the first resolution matches t he predeterm ned
10 bi - gevel dot r ecwertrgdiv firg data setoth @ciecond datd isetcof the predatermined wbdingdus t he
first resol uti gielesolftioR2t €r than the predeterm ned bi-level dot

| ut 4. A neth di t | |, wh t t
STt Chan i ne. Bt s de s oy e BELT B e b | O

accordi ng to clesplotioh; asderein the first data set Is In a red, green and bl ue

15 (RGB) format anﬁ.aﬁ.ftgetnarm.ratd%fa deb avaSMOSA kiﬁntércht%&?(r@&tenﬁiﬁélﬁﬁtlareﬁ&ﬁ yel | ow
(Cwy) format, an met hod includes the additional step of converting

the third dat a8 °P'roman RGB format to a CW format. 6. A nethod

according to cl,aim1 ng, t a set.
7. A nmet hod ac%or g}ﬁnghfx(?)L%&hm toflg ' *’ﬁagel"sr)l&e %ﬂg&f@fo or Jéﬁthég'%ﬁ%q\%ﬁe first
dat a dget bi-gvel dotreselutiont according to clai mI wherein the first data set is -
obtained froma sensor 20 device and the nethad incl udes the step of
conpensating tfe fArmgthodAcgording tor gaimnt, whenelpcte jfifst gesolutipn i greateg g theoyj ce.
9.- A net hadeterningd ti-levg) dobresdliugiorn 8 wherei n the step of conpensating includes. .
converting the first data set froma plurality of x bit sanples to a
plurality of y4bitAsmefhdeascondingrte deim- 1y wherein the first 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 methad 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= 10 and y = 8.

11. A method according to claim 1 including the step of planarising the first data set into a
25 req plane, a green plane and a blue plane.

12. A method according to claim 1 including the further steps of:



10. A nethod according to claim8 wherex =10 and y = 8. 11. A nethod

according to claim1 including ,m rising the first data set
o a 25 sagephape. 3 oreen ol ANTHIETRI MR =ne” 12 semmnorin
according to claiml including the further steps of. WD 01/20549 | [!I1I1]
111212 rrere rerer iioii PCT/AUOCO 01075 * CL MS -83- determning for the

first data set the nPbof darkest pixels ggnd the n%of the Iightest pixels;
o e bl bt o i R S e B S Pies e

firet data 5 soPapsnpipletisielp ensmdnrndioaieelBonitice. 14 A method
according to claip.Jl. i | h | 1] f adjusting the first
data set to pr o?%"%a%brggdg%#rﬁoﬁg%iﬁgﬁéﬁgﬂ@g%%é?%%. 15. A met hod
according to claig1 | I8y . Ole ULt I rst
data set is incré_‘g)seg "\%H}Oﬁé&l ﬁ@{nﬁﬁaﬁﬁﬁghﬁkg?aecrragh'{s?{?g{sl?%l Af%ég%ﬁ%{R%g%h&i% A
met hod agc 88tdP Pravides Repdgferfpiped e Balance-ne first data set is selectively
adjusted for 10 providing the inmage in a predeterm ned rotational
orientation. 17. Yn éﬁﬁﬁ?gﬁﬁ’g"’f“ep ?'ﬂﬁi'ﬁﬁ"!‘?&gﬁﬁ ddiiqnal steprof gelpsipg the first datp

pr edet er m setdo providecasrédetbodinedrarpe lewiansion. Wwhi ch corresponds to a predeterm ned
continuous tone resolution, the apparatus including: input nmeans for

recei ving a firstiSdaAanetfwd aceoiingde claign t oriclaim 14rwlasein theccoldntesoldlion obibe figt i n a

Bayer f or mahta@ét isindradséd whil figintaining The sameBpatialGesbiaiens for converting the first
data. set into a second data set of the predeterm ned continuous tone

resol ution; 15 preceAFeldd @ecrdingft icla® N Whéikih ik fritRlataRPBGekativaly S6lstdd b0 a

third data %%ingéﬁg%@gfn%ﬁ%kﬁgmdq&gmqI-ohé;?/aglrm_dot resol ution; and nmaki ng

the thine §ara 0 a printer printing at the predetern ned

bi -1 evel dot resel ujy . . | fg,]n'm- % rein
the first resol u'? ?bn“n% ches ttoﬁgm aigﬁ%%@%ﬁe*%%ﬁﬁrgﬁhg*djﬁeégfe%ot 'reésl?(')%idgdn. 20
19. "An app&Fsaitinn which 5TesRogds tg 2 predetrmined gpntipyos,tope fesqiytipn, the apparatus ingydings
greater than the prapimesansiforesteling b frelatadetindicethelotithe image, e dattiserteipg inal US

according to clai £t Jirst resolution is less than the
BF} E{ reso i

predet ermi ned bi-lTevel d uttron. 21. An apparatus according to claim
17 wherein the firstS3pling wens;fer pqpvertingothe figst datg seh into B sgernd et setof e and
the printer is. r pedaasinedcintinuctpasresoiigent a and yel 'ow (CW) format, the
' 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.



processing means converting the third data set froman ROB format to a QW
format. 25 22. An apparatus according to claim 17 including the step of
shar peni ngyé bgres@cond data set. WO 01/20549 PCT/ Al 1 00/ péPAutmmrezd 23. 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 devicegand the input neans conpensates the

first data set for non-linearities in th ensor devi ce. .. An_appar at us
according to cPi nfbapraRls aecqrding o We‘ﬂé"ﬁ\g&?? sf°8r°?ﬂ‘8f?-°'l'"i‘9§g%?'?t[‘]’f’t@§8"

i ncl udes converting the first data, sef. f.rom lLural i.ty, of bit sanples to
a plurality of 2§, 7 2Rpg Pé‘?."“’ﬂ%b\ﬁﬁ&'ft"'fggﬂ'"@%'&’" ﬂhﬁﬁﬁéptgwgb%%epﬁﬁg to
cl ai m 25 deyiceraacthe ibfutanednscomp&satgsithe fixst datajsetferinge-iinearities ¥ thegensor devige.m 17

wherein the input neans planarises-the first data set into a red plane, a
green pl ane an@5.a M eppaprituysnaccording to/glaim 24 whereins the compensatign fas nen-lineatities

wher ei N fjaRdds tBAVerting B8 Sirst dath SstTHomespldraity dfXbitfsamples @t murailf oftylbit seffpied,
dar kesg i xel S and the n%of lightest pixels; 10 adjusts the first data
set to e%ﬂ%ﬂ"é ¥he nP6 of darkest pixels; and adjusts the first data set to

te th % | j ' = di t | aim 17
sheroin the i niti MEaESks Rciindncl 2RRZ Gy 7 0L U0 0 71 A1

wherei n the inptt ne to provide a

predet erm ned yhit %Léﬂ.ﬁ% g iR RP héil e MpaOhdtnd Blarlafses il #dt ddta WeET €1 N
t he i nput nmeans adjusts t ewfolrst ata set to provide a predeterm ned
range exFehine 2d plade, 3 greenplangagd p blugRlang. - o i ng to clai m 29 or claim 30

wherei n the input ans | ncrease he olor.resolution of the first data
set while nai n?gi n %np?rﬁ@sg%@mg%aéafryhﬁl&emtu?lln%l%me@z An appar at us
according to cl ai ndetsFminesfortheifirstidata set hetmo%relsigrkess pixels andfhe nj ofdightest aixels o
first 1ata set f oradpis@\iretirdt Bath 5t 1o SEBEhE MPof BarREsEpAsTari@ed r ot at i onal

orientation. 33. Aa?@@‘jﬂ&ﬁ@%%&%@dm%%ﬁ%ﬁé%p&% provi ding a Bayer
S | Vi

i mage; 20 a print e? pr o I'n a printed i mage; and an

appar atus acco inq %I gg( - LV neaNEddiul Bia G OVi di v
tﬁg printer with t gep?’? |?é é?\gtogcéafrﬁgﬁ@e\‘%wﬂgteﬁnpﬁe prsleﬁue |ﬁ:rage |%’rt B
pr oduced o rrpvidea|predptemnined 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 camera including:
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.
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