;. e3ehPPQDW 8Y( " h6hTh"d15 MAR 2004 Received 11 Septenber 200l -15 MYETHED
AND APPARATUS FOR SHARPENI NG AN | MAGE FI ELD OF | NVENTI ON The present
invention relates to a nmethod and apparatus for sharpening an i PayeaUTre1v /4
i nvention has A%8@n devel oped prinmarily for a digital canmReaeivedclL8Eptegnban2001
integral printer 5 for providing a paper print of an inmage captured by the
canera and w Il be described hereinafter with reference to that
application. However, it will be appreciated-that the invention is not
limited to that particul armgtRIoiand APSARATUS-FORSMARBERRALANIMAGENS Ref erence
may be had to oo-pending applications claimng priority from Australian
Provi si onal Patent Application nunber PG 2890 dated 16 Septenber 1999. The
co-pending 10 applications describe r¢iggbest INPENHER and nethods for '
i mpl ementing the conpact printer system The co-pending applications, filed
simul taneously to t H&“%P'&@éﬂ'ﬂ""&‘ﬁﬂﬁ@%‘? Bethed 30d 2eParglys| i@ \zRarPeping pHiMaH at i onall
Patent Appllcatilon No. Rof. No, Title of . - . ) . .

| nvent i onPCT/ AU0O/ 0107%BYaBionizs hesit d&Y‘FS’Pﬁi{)‘MPa'F {8 agigital EATSAR R AN9 8P NtROrd PR o
Bayer | nageBCT/fohpiidiog 8 paieCpo dfnlroahe xapturdp mathe tanserd and Wilkbe| descsibesidiersinafier with
Bayer | nmagePCTl " : r i ;

| mages SUMVARY '%WW%@@%&@ g"";m%? prdeidid %g‘ct{’ B@%&%&WQB Fﬁ@"ﬁ“ﬁ%‘% 10 hat
there is provi d@cugrfigld ¢fgee-f or sharpeni ng an i mage, the nethod including
the steps of: receiving a data set indicative of the imge; 20 e~racting an
initial lum nance channel fromthe data set; sharpening the initial

| umi nance channel to form a revi sedCORENPGAPPLIATINSG and i ncor porating

the r_evi sed | umi nancgeﬁr@we,{ayl Y Rad b@ og-%r%inﬁe&ppliém&ﬁ%lﬁni&&%ﬁ&f@?ﬁ%%&&auan
step includes the further steps of: high-pass filteri nﬁ t he #néttal .

| um nance chanf&viseal fFaint d@pEFaW"I f‘%‘?@g Ff(%ﬁ?%é’ﬁ@g & Sapemoer 198°-1 Senicgending
revi sed | uni®nampmicativasdesdribé retatadtniveiules and afetioliefor implementing thecovapacterictbrosysteh. Eoad

2004 Per/ aUoo) G P0yHC BARECATAR rhdineplo EIE Hebt TR, G030 REs, ) g

extracti ng i nciutdes—tthe—step—ofderivirng—the—tnt-ta—tumnance—chanmet—from
the data set. MristepatdraiBdsdnt, [ he datla set has a red plane, a green pl ang
and a bl ue pl ahe_ ahepicstiondor hod| RN udes the step JRtleptivestion the i nitial
| um nance chanpECTAUEMIORE pl anegBCPMEY ¢ Method endrnpéretus for Producing Pd from g Eayer
includes the ihitial |uninance [channell "%ea separate 5 channel and the
extracting incl 80esuedie1033 ep of | BCRO3S 4 iMethot hrd Apparbius for Uptimer@iating acBayenimage |
a preferred f ol pcTiaboodmozd - pass| Pechdse] iMbthod hid AppaiStud foBRtating B&Yerlagés ON
kernel . I n dltermatrve empodirments, however, the hirgh-pass fiftering
utilises a 5 x 5 convolution kernel In further alternative enbodi nents the
hi gh-pass filtering utilises a 7x 7 A | According to a
second aspect of the invention theregﬁﬁgégbrwfﬂgﬁl&gppar atus for
shar peni ng an | mage, Actnedingoto erfinst @spectaf [thednvegtion tieré ispnmvides: a mettiod ifor sharpeningrag
a data set i ndighael H&€method ihGudingBdRiepS r action nmeans for extracting an
initial lum nance channel fromthe data set; sharpening nmeans for
shar peni ng the initi adcelgh Bt s indlognaelithdiMadepr m a revi sed | um nance
channel ; and

20 extracting an initial luminance channel from the data sef;

sharpening the initial luminance channel to form a revised luminance channel; and
incomporating the revised luminance channel into the data set,

wherein the sharpening step includes the further steps of:

high-pass filtering the initial luminance channel to provide a filtered luminance channel; and .

forming the revised luminance channel from the sum of the initial luminance channel and a
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predetermined proportion of the filtered luminance channel.




processi ng means for incorporating the revised | um nance channel ”W%Mﬁ’v
data set, 15 wherein the sharpening neans high-pass filters the i

| um nance channel to provide a filtered | um nance channel; and forns_the
revised | uni napme channel fromthe sumof the initial | unknanc(g HAKO0/0407H
a predetermined proportion of the filtered |uminance chanhe¥®!vedlbpenterphey 2001
the extracti'on neans derives the initial |um nance channel fromthe data

set. Moire preferably, the data set has a red._plane, a green plane and a

bl ue pl ane and the 2Q ex tion nmeans, derives the inilti L uni nanc
channel T rom i he pl apEGiebk s g Ades e s oot miid minieie Y8 ramenes
| um nance chandasaseds a separate charSnel and the extracti on neans accesses
the initial |um nance channel. Brief Description of the Drawi ngs Preferred
enbodi ments of the | Me@rArefesabitel datroset hes @ eed lanperi gropry PlaReyandfa vearipiecand irey
W t h referencemetod ildudedthk tep Bidefl@gane iifal I0Minaed cliangi r@B the plandsi g. 1 shows a
hi gh | evel inage flow of the PCP. | PEA/ AU 15 MAR 2004 WD 01/20548

PCT/ AU0O/ 01074 - 3Fi gEved rsdwenefesably| the ldatd iselginautes thetifitial REMance ¢hgarebias @ pepafatey.
3 shous a bl OC knflhd HAR Blradiindiides g@&@&&%@&s&@ o) ihifkh RARaRRIcARge. Fig. 4

shows a 4-inch Memet print 5 shows the arrangenent of segnents

in a 4-inch printheag.a Refbirdd: forkh, B RR-phd3 Filtéhing HMELRENL 3 QbnvOIRRA kErfiel! IR aferieh
nunbered by fixin

order. Fig. 7 shows the arrapgenent of nozzles in a pod,
number ed by | o&BPHIeSlsivevestie high-ras fignnd UURFRAD b6 Govelen kenalp fine ateindive
podgr oup. Fi g. efbBodidentssheshighipasscilering ptilises@ 7i7 gonvilitionlkewsl. t he rel ati onshi p
bet ween segnents, flregroups, phasegroups, podgroups and chronopods. Fig.
12 shows AEnabl e andA®Erdingitee srgpnsiasprcid the dnyenfion therg is fevided amanpargtusfor gharrgeiop
and even dot. B ghage theTppuiGud iRGudRgl entation of print formats based on the
CFA image. Fig. 14 shows a bl ock diagramof the |Inage capture chain. 15
Fi g. 15 shgys the ar nptgeanstor redeiviay ¥ dats sdt ididatidayfatie ibkgd; 2G nosaic. Fig. 16
shows the linearize R@ process. Fig. 17 shows the planarize RGB process.
Fi g. 18 shows a bl ockxtrcting meansddr ektrasting am fpisialiumiinancecdhannel fromi the datdsehows a
sanpl e color range for a single color plane. 20 Fig. 20 shows the steps
i nvol ved in white babkamssaingimgansfofghareenipa theiinitial lumingnce shanagl injermaa tgvispgdituminance
di agram of appgakahdtangapabl e of pertonning white bal ance and range
expansion. Fig. 22 shows the various color plane pixels in relation to CFA
resolution. Fig. 23 plocassing ieane fok medrpondting Bié RlvisegurhiRghce tiaaie! Ploaheciatalsetd 5
degrees. 25 Fig. 24 shows the distance between rotated pixels for the green
pl ane. 15 MAR 2004 wheio the 26H8pE8ing maas. kernel . 5 PCT/ AU0O0/ 01074 -4Fig. 25
shows the pbocess of nmapping novenent I n unrotated CFA space to rotated CFA

high-pass filters the initial luminance channel to provide a filtered luminance channel; and
forms the revised luminance channel from the sum of the initial luminance channel and a
predetermined proportion of the filtered luminance channel.

Preferably, the extraction means derives the Initial luminance channel from the data set.

More preferably, the data set has a red plane, a green plane and a blue plane and the
20  extraction means derives the initial luminance channel from the planes.

Preferably also, the data set includes the initial luminance channel as a separate charnel
and the extraction means accesses the initial luminance channel.

Brief Description of the Drawings

Preferred embodiments of the invention will now be described, by way of example only, with
reference to the following description and Figures.

Fig. 1 shows a high level image flow of the PCP.

AMENDED SHEE"
IPEA/AU



Fig. 26 shows a bl ock di agram of the sharpen process. Fig. 27 shows the
process involved in high-pass filtering a single | um nance pixel w t%u Eﬂzglﬂz(
3 Fig. 28 shows the transformation in conversion fromRG to CMW. Hi M
shows conversion fromRG@ to CW by trilinear interpolation. Fig. 30 shows
pi xel replication of a single pixel to a 5 x 5 block. Fig. 31 shows a bl ock
di agr am of wbe/eadsf -t oni ng process. Fig. 32 shows the peoaesTi16h
reformatting dots for the printer. 10 Fig. 33 shows a bl ock diagram of the
i mge capture unit. Fig. 35 shows a bl ock diagramof the inage access unit.
Fig. 36 shows a bl ock diagramof the image histogramunit. Fig. 37 shows a
bl ock diagram of the printed interface. Flg. 38 shows the bl ock di agram of
the MemJet interface. 15 Fig. 39 shows -Bhe generation of AEnable and

BEnabl e pul se W dii 9 sndws@bloAiiszRmipnere® AGKatdhagr am of dot count logic. 20
25 Fig. 41 shows the interface of the print generator unit. Fig. 42 shows a
bl ock di agram of Fifa shdws@lbloged@Fafiobthe BCR tonnecie@to PARcaAWWa@. bl ock di agr am of
the test pattern access unit. Fig. 44 shows a bl ock di agram of Buffer 5.
Fig. 45 shows a bfigalkhaisagrimhMehjeBufthead. 4. Fi g. 46 shows a bl ock di agram of
the Upl nterpolate, Halftone and Reformat process. Fig. 47 shows how to map
from a standard dfig-hehowsdielarangement of segigals 8@ 4dnch prstheads| | . Fig. 48 shows a

bl ock di agram of the Convert RGB to CMY process! Fig. 49 shows a bl ock

di agr am &f BufferF'Q.ﬁs"°“f§‘°|9ﬁ??92'0?5‘21°f\?\252'6~’1'F26%"4@’"158?9 fhaed574 -5Fig. 50
shows a basic hi gh-pass atial filter usin X kernel . Fig. 51 shows
a bl ock di agram o?'g"? ﬁgowssﬁgra%%n eTfnnlk ?f."ozlgfsg'f‘ag%' EW%\?\EOI %H%a%g? P8% ure of Buffer
1 Fig, 53 shows applaQpdwsdicAohady of the Resanple and Create Lum nance
Channel process. 5 Fig. 54 shows a bl ock diagramof the Convolve Unit. Fig.
55 shows the or defig.@fshdNsupbdgragner ated fromthe receptor. Fig. 56 shows
novenent in X or y in rotated and unrotated space. Fig. 57 shows the
address of entri eBEg.i10sHows & prasdgrabip.gr een sub-buffer. Fig. 58 shows the

rel ati onship between green entries dependent on rotation. 10 Flg. 59 shows
4 x 4 saMipling of Fig.Hé shypwatha reldiienshie petween gegme s, SisarprpsJphrsegrogpscroggrasghpidi ng
type 1. Fi g.chrbriopsddOWs 4 x 4 green sanpling type 2. Fig. 62 shows the two
types of row addressing for green. Fig. 63 .shows the addressing of entries
in buffer 1's redFiarnd stxws AEsable-dnd BErebls puldetprdfileg durd the Ipdntisg oftee ofid ang teveh6

sanpl es readef or calculating first pixel. Fig. 65 shows the overl appi ng
worst case 4 x 4 reading fromblue and red buffers. Fig. 66 shows a bl ock
di agram of t he rofigt18showkihb erich@aiion ROmintAsitlats BedgronaheCFASHhaye, unit. Fig. 67
shows the active inmage area within the generated coordi nate space, 1

OVERVI EW OF THE Pt 14 stbwpik Bbé¢kidiabiBin oFhdNGadeChbtre PeBRVI EW The Printcam Central
Processors (PCP) possesses all the processing power for a Printcamand is
speci fical |y desi Gedashoys theapseqmentof pirpls is BayerCEM2@imgpdcal still camera
system The PCP 3_caqnnect o an_| e sensor 1 (for image capture), and a
Memlet printer 2 F'ﬂir'ggl?ﬁﬁge F’ﬁfgﬁgg'%feﬁs't erns of |mage processing, the PCP

can be thought of as,be| . r%! r of images from capture to
printout, as shovvn'&i n i"”gﬁ?é'g'%:"% ’ nsg'ge Sensor 1 is a CMOS | nage sensor,

whi ch captures a ggQesrowdQO6ckBicEtah BREEmMagdrint Binl MAge Sensor is the image

i nput devi ce. 15 MAR 20D4 WO 01/ 20548 PCT/ AUO0/ 01074 -6 The Prlnthead 2
is a 4 inch | ong aiGQ6ehws dBampiicolprrangs @F a dappabbepliaaé. printing in three
colors: gyan, magenta and yellow. The Printhead is the inmage output device.
The PCP 3 takes aRigi2fshypws fhe stepstinyelvedrinewite Séanereand flanggaxpareigses it, and sends
the final formof _the image to the Printhead 2 for printing. Since the

| mage Sensor 1 caf§-# 8ewp A birgksiagian of sprarpiig GapaRiepfpepforpying hite halgncend rangse PCP 3
nmust transl akmndiahom t he RGB col or space to the CW col or space. The PCP 3

contains all of the requirenents for the internediate i mage pro
Fig. 22 shows the various color plane pixels in relation to CFA resolution.

Fig. 23 shows the effect of rotating the green plane by 45 degrees.

25 Fig. 24 shows the distance between rotated pixels for the green plane.



s cessing, inGuding white bal ance, color correction and ganut mappi ng,
| mage sharpening, and half toning. In addition, the PCP 3 controls %WﬁRqﬁﬂr
interface and entire print process, providing support for a varietQ o]
image formats. The PCP 3 al so contains interfaces to allow export and
i nport of photos, conplying wwth the DPOF (Digital Print O der Format)
standard. Iygofflesdd LEVEL | NTERNAL OVERVI EW The PCP 3 i sctasigied to be
fabricated using a 0.25 mcron CMOS process, with 10 approxi mately 10
mllion transistors, alnost half of which are flash nmenory or static RAM
This leads to an estinmated area of | 6mm-. The estimated manufacturing cost
is $4 in the year 2001. The PCP 3 is a relatively straightforward design
and design effort can be reduced by the4use of datapath conpilation
techni ques, nacr oggldsSpond M frddes U Rpping HRvenfe IPuFQREAERSspacefto kdtéasaraed
CPU m crocontrol ler core 10 1.5 MBytes of nulti-level Flash menory (2-bits
per cell) 1fP%Xx CMOS I mage Sensor Interface 98 inside an Inage Capture Unit
12 15 16 KByte FLa ne f r t e 13 4 KByte RAM for

y l:| sz@ show%ﬁ])‘clsﬁ%&rﬂgﬁﬂgg ﬁgppém r{’% y

program vari abl e storage I's I ntended to run at a clock speed
of appr oxi mat e! y ;1997 Mdws 919pr@éés@lﬁoﬁﬁﬂﬁhib#pa@@ﬂerﬂag5Mnélalhﬁl55h‘8$ bixel Wil al¥ix3i M ze
power consunption. The actual operating frequency wll be an Integer

mul tiple of k'A% Pri nt head operating frequency. The CPU 10 is Intended to be
a_si npl e 5ni CrO'COFiE.irzgltsrlmo% th§§r¥rlf§rm§ﬁéﬁin EoHMioﬂﬁorﬁ‘kG@Q%Mv.l Miz. Both the CPU

10 and CMOS sensor~-interface can be vendor supplied cores. 20 Figure 2
shows a bl ock di aggadsRfvs tdrGerdiénfrom AR tb 6MY Bl viRékr inbhBlafdRP 3 i s designed for
use in Prlntcamsystens. Figure 3 shows a bl ock diagramof the PCP 3
connected to the K skws biket rePlichtivh 6B Bingia pidan@ras. x 5bioeiRl NTHEAD BACKGROUND The
PCP 3 is speciflcaily designed to connect to a 4-inch (10-cn) Menj et
printhead 2. The B Jshaws ablack dagiam of thelhifdppingiprpeege- Wi dt h printer, produci ng
a 4-inch wide printed I nage without having to be noved. I|nstead, paper 20
s printed on as Fig- 33shauws the arpcess piefpmptingdata fer Ye Plifler.shown in Figure 4. 15
MAR 2004100 01/20848 7 2.1 COVPOSI TI ON CF 4- | I\{CH PRI NTHHEAD

PCT/ AU00/ 01074 Eafll- A9 A PBrkdreRR Lo magniepd st 8 segments) each segnment
112 an inchin | engthy fachoQludiie o RIMERI deidufir i NS DI -level cyan,

magenta and yel | ow™dot's over a ere part of the page to produce the
final image. The RAsithRRS bRl dddemIPEIRRbShiRRmIARWN in Figure 5. Since the
printhead 2 prints dots at 1600 dpi, each dot is 22.5pmIn dianeter, and
spaced 5 t 5. 875pmgadrahdws a blatkdisgrmvf dprinteti M@Hacgegment prints 800 dots, with
the 8 segnents corresponding to positions:. Table 1. Final Image Dots

Addr essed by Each Figezpsaaws tHbGloSetipyent dFine Bemielditdriasst

dot 0079943001, 59921, 6002, 39932, 4003, 19943, 2003, 99954, 0004, 79964, 8005, 59975,
6006, 399 Al t hough Fisa¥ishayshewaneratian of ABrphle avd BRoRPlepyEewidhs-t he final i nage,
each dot is represented by a conbi nation ?f' bi -1 evel cyan, magenta, and

yel | ow I nk. Becau$B 405Bov5@ibRes 99amLr i1t SUBNASI®  t he i nput 15 i mage shoul d be

dithered or error-diffused for. be ch segnent 21 then contains
2400 nozzl es: 800 F@a%ﬁH% q’@y"ﬁ%ﬁa°en°§¥g“8h't%z§g”é'§‘8”5§| |l ow. A four-inch printhead

2 contains 8 such ReHRAsS biodk diddfanfof he bt geRbratdiing00 nozzles. 2.1.1 G ouping
of Nozzles Wthin a Segnent The nozzl es 2% Wi thin a single segnment 21 are
grouped for reasonyg. fifshiid)adblotidiaghdmPddthb tekfipatiein astdss urits m ni m zati on of power
consunptL,on during printing. In ternms of physical stability, a total of 10
20 nozzl es shar e tApedsshows aibiokk diagsasrof Buffer 5.1 n t erns of power consunpti on,
groupi ngs are nmade to enable a | owspeed and a hi gh-speed printing node.
The printhead 2 sfjsp#rshewsabiscidiagram ¢iBufepfeeds to al | ow different speedl power
trade-tiffs to be made in different product confi ura%' ns. In the

| ow- speed pri nti ndeffpowsgdlonidagragrof UB'P‘@’p?'?t?'gd'ﬁ&leﬁﬁ ltkeg?{'@%t@?f’%?s‘f rom each
4-inch printhead 2. fired nozz| m?gj, i st.ant, so 12
nozzles 22 are fi r2Féqdy1‘15r AR "RE " °’2§§‘ﬁ§%ﬁ‘ %'%6&? 're a%?ér%dé,'tgdégélhozzl es, 200
different sets of QF,\Rgd ftfockbisthanPs mbichen Roe bTMYRRRO4 WO 01/ 20548

PCT/ AU00/ 01074 .8 1n the high-speed printing node, 192 nozzles 22 are

fired si flul t aneousdigy4d shews sviekdishraniisr BufeF 2.nt head 2. The fired nozzles 22
should be maximally distant, so 24 nozzles are fired from each




segnent. To fire all 19,200 nozzles, 100 different sets of 192 nozzl es nust
be fired. The power consunption in the | ow speed node is half that cgw]ﬁm
hi gh- speed node. Note however) that the energy consumed to print all \
and hence a page, is the sane in both cases. 5 In a scenario such as a
battery powered Printcam the power consunption requirenents dictate the
use of | owwpepssqerinting. 2.1.1.1 10 Noul ss Make a Pogcfasbongde¢ pod 23
consists of 10 nozzles 22 sharing a conmon Ink reservoir. 5 nozzles 22 are
in one row, and 5 are in another. Each nozzle 22 produces dots
approximately 22.5pmin dianeter spaced on a 15.875pmgrid. Figure 6 shows
the. arrangenent of a single pod, wth the nozzles 22 10 nunbered according
to the order in which they nmust be fired: Although the nozzles 22 are fired
in this order, thegbekiivs A6k hEh-piss SRt fiBEusiga 8RE ke si cal pl acement of
dots on the printed page is ditfferent. The nozzles 22 from one row
represent the evefg doiHbwé & GGk @iBgarh bfte shdtpdnhueit. page, and the nozzles on the
ot her row represent the odd dots fromthe adjacent |ine on the page. Figure
T shows the sanme ppd2 S®wadhe struttire offufferites 22 nunbered according to the order
in which they nust be | oaded. The nozzles 22 within a pod 23 are therefore
| ogi cal | y separ at @@ Spshowpblogk diggiam pf the ResamplepRg Create byminapcefihannglprasesset ween
the nozzles 22 wi |l depend on the properties of the Menjet firing

mechani sth  The pr'f'%t"ﬁ@'g s?”'?@“'&%@’l‘&ﬁ@c‘r’%%’ﬁ”%"ragger ed nozzl es designed to

mat ch the fl ow OfF‘ﬁég’%{’m"°’g%5%v’l’?'?8§@egggﬁ°%5%° ctiJg:hr omapod One pod 23 of

each col or (cyan, genta, an are grouped 1nto a chromapod 24. A
chromapod 24 reprgs eflpwslinbefbf Rl ofPh Rlatdd QRPHRAINaSpRE. t he sanme hori zont al
set of 10 dots, on different lines.” The exact distance between different
col or pods 23 depmg@sstans thbaddldedgr edtricd peBuAdri18 gredsupBi@net ers, and may vary
fromone Menjet design to another. The distance |Is considered to be a
const ant nunber offig.é®shows tié tetationshipbetwaarn gréen @ntadsaiegenttapt dnadtation.| Nt o account
when printing: the dots printed by the cyan nozzles will be for different
| i nes tHan t hose e 5Ashods Hy4 samelingatiesareenshangsd| | ow nozzl es. The printing
algorithmnust allow for a variable distance up to about 8 dot-w dths

bei ween col ors (sE®%GHBIres 34 g8t SABRBI WA 'ai I s). Figure 8 illustrates a

singl e chromapod 24 1.7, [ Qmapo make a Podgroup 5 chromapods 24
are organi zed i nt%g'g1 sgrioﬁsg%’éggg%‘grg%ﬁ'g%%ﬁ nce each chromapod contains 25

30 nozzles 22, eag 'epggggmg@ﬁ/&%gg&;oggd&égnélg fS 22: 50 cyan, 50 magenta,
and 50 yel |l ow nozzl es. 15 2004 WO 017 20548 PCT/ AUO0O/ 01074 -9The

arrangenent is shgyvaa sHdwkinghddRsshg ovéntrids A BifRFPOREedBlIRBILEfkD- 4. Note that

t he di stance between adjacent chromapods |Is exaggerated for clarity.

2.1.1. 418 Podgr oupg sarstoes the frktals expplasl padfopmtdgatingifrst pddl. ar e organi zed into a
si ngl e phasegroup 26. The phasegroup 26 is so nanmed because groups of

nozzl es 23 wi t hi nFig 5pshryetie engfirppingwdrst pasel4 5 # reafingfreedilug jagd redipuferyy a gi ven
firing phase 5 (this |Is explained in nore detail below). The formation of a
phasegroup from 2F'%88§}°8ﬁf)§°°28'a?’§’“ ghfterotaipwhitefalapgeand, gpgs sXRaesiagnit o speed

and hi gh-speed print.i j Padar.oupEnapl e |ines. ring | ow speed
printing, only on’gg!tglf7 %H%‘“?&%‘V%B%Pgr%eﬁgﬁ‘ﬁ"g 7%”?’?%‘%’5”?’%%5&397 n a given firing

pul se, so ogly o é?ﬂﬁ Qﬂp\. e two fires nozzles. During high-speed
printing, bgth P(r;tg‘g’grou%gnab I'gifll’ lbnes are set, so both podgroups fire

nozzl es.zpCopsequ Lpt takes twice as long as a high-speed
print, si ncgﬁt heqﬂ%%%% sbt%ﬂ%&ﬂ.ﬂ EP?IF‘QS twi ce as many nozzles at once. 10

Figure 10 illust r%%ntuﬁﬁcﬁgm%gx%r%rb@%os@esg&aaﬁggrp%f%ing%wonsé BiNiGmDEt Ween

adj acent podgroups. isSs exag erated ftor clarity. 2.1.1. asegroups neke a
Fl regroup TR Hivacisgly deqee %PH%‘?&‘{J‘P 8‘6Bﬂ“‘?ﬁ‘d"ﬂ%é@éﬁ?%ﬁ%}’m'&f‘@’%"r @ATFEd i nto
a singl e fl toeagiircagp séhgor 1\(fottlinagé cénture) (and a plemietprictarZfordmapewrirtout. Fitermg pfdmame 27 are
so naned beg@étsgng, the PCRldn deltiidight brias SaRERnE ) PahglhtBiSof #ngés ok caiRile RLERihtYut, ab\WO
enabl e |ineg,, ﬁq_%gileq: and BEnable, allow the firing of ~PhasegroupA nozzles
and PhasegroupB nozzl es independently as different firing Phases. The
arrangengnt *i s shB\mags Sepsor {§@QMOPiMmagy senseri Wil fRRiureset 1hékon 10401 RER rage-

groupi ngs i s exagUenradge Sersoris tBd imagelinput ddvide. 1. 6 Nozzl e G oupi ng Summary Tabl e
2 is a summary of the nozzle groupings in a printhead. Table 2. Nozzle
Groupings for a single 4-Inch printhead Name of G ouping

Conposi tionRepl | catton Rati oNozzl e Count 20Nozzl e 22Base unit1l: 11Pod

23Nozzl es per podl0: 110Chr omapod 24Pods per CMWY chromapod3: 130Podgr oup
25Chr omapods per podgroup5: 1150Phasegr oup 26Podgr oups per

phasegroup2: 1300Fi regroup 27Phasegroups per tlregroup2: 1600Segnent

21Fi regroups per segnent4:12,4004-inch printhead 2Segnents per 4-1nch
printhead 18:1~ 19,200 25



1 5 MAR 2004 WD 01! 20S48 PCT/ Ai J00/ 01074 -10 2.2 LOAD AND PRI NT CYCLES A
single 4-inch printhead 2 contains a total of 19,200 nozzles 22. A Print
Cycle involves the firing of up to all of these nozzles, dependent TdnMARZ04
information to be printed. A Load Cycle Involves the | oading up of the
printhead with the information to be printed during the subsequent Print
Cycl e. EachypeiHosys22 has an associ at ed Nozzl eEnabl e bi tpciAgho/d@h er m nes
whet her or not the 5 nozzle will fire during the Print Cycle. The

Noul eEnabl e bits (one per nozzle) are |oaded via a set of shift registers.
Logically there are 3 shift registers per segnent (one per color), each 800
long. As bits are shifted into the shift register for a given color they
are directed to the |ower and upper noubkes on alternate pulses. Internally,

each 800-degp shif Frrlﬁﬂba%tzqg al ﬁcﬁ&im%bo%ﬁ%ﬂfet ﬁrmr éggﬂéjd? srﬂ\tllﬁ]h IhteeciiGL:St €r s:

one for the upper nozz ernate bits
are shifted Into ‘fﬁ’é"‘é@f‘@t"’ﬁ%ﬁp"‘i meepr"f‘fﬁ?adl’sé'@ﬁ'@‘l'gét"%'p”tﬂﬁ"%ar as the external
Interface i 8 concoBreRed 3itakeecandmage frive the Image Sersbmig prece8a0 it,chedg@ndd thd final k®m

register. Once al $ftﬁehﬁag§wtﬂéprﬁ\ﬁgdd§tf€r ﬁntlh@‘éﬁ\cé%ﬁé?m\a§é%dn¥orhQépﬁlﬁéi.r(@é’@addoad

pul ses), ail of th are tr riate
Roul CBnabi e bi ts. Do Ribegt A ppisdh S, ieurdtcs toss sl dom e iR o ipoerd m900
bits. Once the treMbéarsnaees Thed KRS coritains@ll oftheceqriremants (Oythd interadiath mgoerro-The
Pri nfl qllé: e glmdf t&besldgpadmlfny%@ KafaRce Edid leorBLtish lab AGHARLIGAPBINg Smage RGargkming, he
parallel load o , t
Oycle. 15 2.2.1 |_§‘ao’l“";\l{’)'%'%g ﬁ‘?ﬂ% e‘“‘*’*’%ﬁ ?"q’ﬁ‘?gs'ﬁ?:ggﬁéyraﬁaégggd Q‘L"’t"p"qﬁmsp
printhead' s shi ftp'?"éf’dﬂgé?"@?'ém’vﬁ veriett 4% nageufeimals The PCRY) glsecostaing tedacpsip pl ‘”bl ts
Each segment 21 hexgorGand import of pllitase@nblying wilhattedftOF (DidithlcPrictyRader Fomagibatendgrd.and
yell ow shift registers. These inputs are called CDhataln, Mdataln and
YDat al n. Si i@e t HGHLRYECINGERNAYQUERVEW t here are a total of 24 col or | nput
| i nes per 4-inch _thl nt head. A single pulse on the SRC ock |line (shared 20
bet ween al |l 8 seghentd) 3ti¢ dprigned ;l? o dabricpter) usiag janQ-25 Miseon AR pioress: eiShi f t
regi sters. Appraximatlyeo pilliosemdsistors, ABfostalbof ivBich dde flalieménmnadr statittRAMP T leaddBZ| €S
respect | Ve! un el ardd}f Al o dinG00nBRRELAS cosfls bOh Mo vk 2RO nBbLS SR 521 €

reqU|red for the trans Once a ave been transferred, a

singl e pul sée'aﬂ‘f?'ytsﬂﬂg"éf?fa?réd“ﬁ‘ﬁaaﬁg‘ts@P effdrfan beplusRd By ffle Use,pf ptpRath OMBIANe  of
dat a from t keehnigkes nagrasglissane iPsoted ThdRCFanlains:i at e Noul eEnabl e bits. The

paral | el transferA}(,{,.,@peadqu/ﬁgmguat,ﬂg',r@,@aber nmust take place after the Print
Cycle has finishe bIe Htlsfor the line being

e Noul e
printed will be |ﬂ%M%F‘°e‘c°E’““'§'S"° H?B"}?A&?iy PO 20548 PCT/ AUD0101074
-11Si nce al o 8 sefRMAS Inald Sens@ Intefacbed inaide #m ImageiCapflre UBRE ock pul se, any

pri nzlhnggprggess im@yterﬁra%%rytf&%m%katoraae’L'he f:orrecltls?quen;:e fﬂ] ”C]:l?/h{
print hea an e ock pulse w r ansf er e

bits for th& next? Eﬁi’% é’f°8'°§“’8’€fi"°65°’38?)b‘ 160b, 2400, 3200, 4000, 4800,
and 5600. The sec I e next
Print Cycle's dot ﬂ@%gg% R‘%@(ﬁ% gﬁ%?CIogﬁ%&&%z&%%X%ggéwM% @236’1&{65&%{9 er 800
SRd ock  pul 8%k!: 5V; iptarnaty fofFiRipizg POYET copsUPRHen he gqt%wera@mfrpqqegcyw}lry@,ap Hieeet o note
t hat the odedultipielofehecnintiidy opamtipg fregiyensy. THeoCRY Oy inteideditodbe misimgle tiinpo-@atrmtlerPr | Nt

Cycle, do ngf ne@ﬁgeaﬁn.ng@t;bm1mm§cmho SNdlaMds dehddEinterfdds 108K Bb Géhlor

separati on o o] corCzeasnd even nozzles within the printhead, as well as
separ at ijgn BePRE&N ho0z2l es of different colors ensures that they wll

produce dots on d Jr@i&%séﬂl&?&a&ém&f%%ﬁg%nsoméns relative difference nust
be accounted for | oadi ng the data Into the printhead. The act ual

difference In Iinﬁfe mmlg&af&b@wacarﬁt-,@femstmda@acshovrsmudcmageém smaehani sm
used in thepB&b nmg‘\c§qtc{t;wr§stgfut rﬁuﬂﬁ%ﬁa%awaﬁe“ be defined by variables D, and

D= where D, between nozzlés of different colors, and D is

t he di stanc bet sanme color. Table 3 shows the dots
transferredgto smy?%bgéKekppﬁphead on the first 4 pulses. 10 Table 3.

g gggygf Dots Tr aﬂﬁfﬂprﬁgspwncaw%eé.dagﬂoE:’s.lns'& ReABndiH G iyRiemel friftfedul2nRi¥ROENt 2
L ne18008aNRITSBARS 523 BRI ISP BENOr BLOSI R 20e) 1 RBIS &SRO IR R0 S + 34D
ZN+D, +DZN+2 Dovedyzinstdad.papeBS2@s grintpdemas irmavercpast (1@-piirthelad 2, Be-showmin figere 40f | | nes

bet ween the nozzles of one color and the next (likely = 4-8) c. Dz = nunber
of lines between two rows of nozzles of the sane color (likely =1 ) And so
on for all 800 pulses. Data can be clocked Into the printhead at a maxi num
rate of 20 MHz, which will load the entire data for the next line in 40ps.
20 2.2.2 Print Cycle A 4-inch printhead 2 contains 19,200 nozzles 22. To
fire themall at once would consune too nmuch power and be problematic In
terms of ink refill and nozzle interference. Consequently two firing nodes

N Y



-12The nozzles to be fired in a given firing pulse are determined by 3
bits ChromapodSel ect (select 1 of 5 chromapods 24 froma firegroup #Mlﬁﬂh
bits Nozzl eSel ect (select 1 of 10 nozzles 22 froma pod 23) 2 blts

Podgr oupEnabl e Iines (select 0, 1, or 2 podgroups 25 to fire) \Wen one of
t he PodgroupEnable lines is set, only the specified Podgroup's 4 nozzles
will 5 fireygsysmedser m ned by ChronmapodSel ect and Noul egerRgboordpen bot h of
t he PodgroupEnable |ines are set, both of the podgroups will fire their
nozzl es. For the | owspeed node, two fire pulses are required, with

Podgr oupEnabl e = 10 and 01 respectively. For the high-speed node, only one
fire pulse is required, w th PodgroupEnable = 11. The duration of the
firing pulse is given by the AEnabl e and-BEnable lines, which fire the

Phasegr oupAagnd WQQ,QHBB4JW$RﬁHJA50m all firegroups respectively. The
typical duration of a firing pulse is 1.3 - 1.8 us. The duration of a pul se

depends on the vi E&ﬂﬂllrkwprﬂfheéd%ohsm% of S1BREHLCEHch &@m&r@%%ﬁﬁwnﬂbd{ﬁh@E&H& | nk
charact o1 | S ieSeindn%, s AT o haREhg TNAL KAPLE: L Brb DS oBE LiIGEEh, See
Section 2.30n 18"THP VT TSNP DAL R PSR 'hfre" rp PR or der
to corrpensatp@dqcefhetﬁ'@'r'ﬁ‘éﬂeat’!frpés'@hﬁ?fﬂ‘@segﬂ?@sﬂEﬁ'?ﬂYPE‘Féﬁ'itff’BEnabl e are separate
lines in order that the flb“ ngp Fu ses can overlap._Thus the 200 phases of a
| ow speed Print Cyttedechipizad;e pypts deipat 1500 inis gach dot ke 2fymen diportancend sRepadct j vel y
gi ving 160 $68%uuiapihine eshhaltindPragreentorints Bi0xdistsswith thefesehOtyroassesndiog toa

hi gh- speed peditidks:.cycl e consi st of 50 A phases and 50 B phases, effectively
gi ving 50 phases of phase A and phase B. 15 Figure 12 shows the AEnabl e and
BEnabl e |i nes duri ng Table {:FinatimagarQotg AddyeBeed by Each §eomgbnt speed print there are

50 2ps cycl es, whi Embi} @ fow spelesqdarl nt tlhere artedoiLOO 2ps cycles. For the
hi gh- speed pri ng- nﬂg.w ; i Ls:—l'éht-e#apedSel ect O,

Noul eSel ect O, Pndnr %lan le 11 (Phgaqpq A land R) ¥y anm odSel ect 1,
Noul eSel ect 0, [PodgrbupEndble 11 (Bfi%ses A land B) '5%hr omapodSel ect 2,
Noul eSel ect 0, [Podgr@upEngpble 11 (1BR&ses A jand B) 239 ChrprmapodSel ect 3,
Noul eSel®ct 0O, [PodgraupEngple 11 g¢Mivases A |and B).,19€hr omapodSel ect 4,
Noul eSel ect 0, [PodgraupEngpble 11 §hjesases A fand B)399§3hromapod8el ect O,
Noul eSel ect 1, e I} hisases A ana 5)4-,gg,nrona odSel ect 3,
Noul eSel ect 9, Fe—1% ’L gaSeS ATt 55g¥|l| U odSel ect 4,
Noul eSel ect 9, He—tt—{Poases—A-ahe—B MAR 2004 WO
01/ 20548 PCT/ AU the firing

Podor oUpEnabl e vialigien eme«ﬁ%atizﬁg%fss«é%@aBt%t}eﬁéﬁﬁ%?t@@ egT\Méﬁ%’gﬁb‘e%*?"eby
subst i t ut ed azembigstiorogidi-leveCeyen meagentEsandystiov)ink. [Recansectte prnting i9 bi-ieveld the dnpENabl e
01 (Phases Anzgachol be dihéreyon prodil-Siflsed for Kbst réd0BZ | €Sel ect 0, Podgr oupEnabl e 10

(Phases A and B) ChronmapodSel ect 1, Nozzl eSetect 0, PodgroupEnable 01
(Phases A and B) Bach@mnrented)dubSapmains 2#0Q nokidgs 7§00 Se¢heaf tyad, mageniy modiypiava bl e 10
(Phases A armdlr-#h prikthdad DBdemSe beh teghentNDiZia 2508 b9 2odnoziradgr oupEnabl e 01
(Phases A and B) ChronapodSel ect 3, NozzleSel ect 9, PodgroupEnable 10
(Phases A and.1B) croligisy ol nottise Wahin abegntz| eSel ect 9, Podgr oupEnabl e 01
(Phases A and B) ChronmapodSel ect 4) Nozzl eSel ect 9, PodgroupEnable 10
(Phases A and B) Themoxifeed2 withirozsido sBiment 21ems grouped akreasoams plysicarstatdityasl OOps

torefill. W@am&%lzﬁlog& Héﬂé?'&@ﬁsurh&torf UJnﬁ’éjpr‘ﬂﬁﬁQh Rrrhdéf h))'sﬁél isfability, 'a'i@al be®
el apsed.gThi s ine. In the

hi ghspeed p rr\lozﬁ{es %ﬁﬁhe spne, in?:eﬁegv%{r Irp {e?ms Htpo erjcon sgmptFon ff?ﬁ rggs algénafkhtg e?ﬁblﬁé‘

bet ween fi rl'Q‘thPEPdr‘FG%%'I"@‘ SP?%M’“"OQI'@J; ne to the next matches the refill tine,
maki ng the hi gh- sp eed EI’I nt node acceBt abl e. The | ow sgeed PI’I nt node is

sl ower than this, '?d’"?t ead §‘5’p%ﬁ%‘e°p‘t"at5‘ gpeeqgio.alipy F'ff?tﬂ’tfﬁe dparg e o by 5o
causes acous\taﬂ%inp@ef@mprb@t:ﬁcefmur@tbns alimted tine within the common | nk
reservoir of that nozzle's pod 23. The perturbations can interfere with the
firing of another'nte 'ﬂ‘tﬁ‘ipr‘ep’\'M"tgdf'??et%é‘°§%?ﬁ€2 A diresFimuttanseusty e epsp, 4-itdhe
firing of nodmtess 2\iheHited nezzipe dhauilddael rabximellyafistape so 12 oezzlesnehare ffilee from®adhong as
possi bl &5 WaednaRt RS i 42 16 bdoSioza6, 260 diffehl 86 of J6PB2zRs Mt OaREPd 24 (one nozzle
22 per coI or) and then nove onto the next chromapod 24 within the podgroup
25. In the I owspeed printing node the podgroups 25 are fired separately.
Thus the 5 chromapods 24 wit hi n~both podgroups nust all fire before the
first chromapod fires again, totalling 10 x 2ps cycles. Consequently each
pod 23 Is fired once per 20ps. In the high-speed printing node, the
podgroups 25 are fired together. Thus the 5 chroma20 pods 24 within a
single podgroup must all fire before the first chromapod fires again,
totalling 5 x 2ps cycles. Consequently each pod 23 is fired once per 10 ps.
As the i nk channel |s 300pm I ong and the veI 00|ty of sound in the Ink IS

P . o o, o ~ r~n M T



Fromthe printing point of view, the | owspeed print node allows a 4-inch
printhead to print an entire line in 200 ps. In the | ow speed prini W@ﬁ%%h
96 noules 22 fire per firing pulse, thereby enabling the printing %
entire line within the specified time. The 800 SRC ock pul ses to the
printhead 2 (each clock pulse transfer-ing 24 bits) nust al so take pl ace
within the w89y fss! i ne tinme. The length of an SRC ock pafraeomaemot exceed
200 ps1800 = 250ns, indicating that the printhead nmust be cl ocked at 4MHz.
In addition, the average tine to calculate 10 each bit value (for each of
the 19,200 nozzl es) nust not exceed 200s / 19,200 = I0Ons. This requires a
dot generator running at one of the follow ng speeds: 100 MHz generating 1
bit (dot) per cyGe 50 MHz generating 28bits (dots) per cycle 25 MHz
gener ﬁt i 3924 bi t S:n(trsiqﬁg'ﬁ)sp&er;arirﬁyg:h@e2193 n&EWﬁEﬂmﬂmﬁdﬁumonn&\SSThe
print hea .0 ver

segnents). ?ﬁnéheg éégg%g?%dﬁ‘f’%gg 2%?@0%&26‘(5&4 a’? g‘g@gﬁﬁagg @5[9 Eg n%%lg‘% %g ﬂ%? ‘i}%tggﬁ ring

pul ses. Al t seamgn- Bfeepld2800entzles 1003ferntsets of 192 nezdlgemystoef¥dck, the feedback

fromall segnents_share the sane tri-state bys _lines sequent| nly one
segnent 21 at a t PPt FORFBRYE "f’ee'g‘ﬂb"éﬁir.m% 'T)Eﬂ'géﬁa?Bfﬁh‘?cﬁ@'sgﬁ%ﬁé'g’g%é\ggel ect

| i ne ANDed Wpweverctbat the @merdB\camsumeriih printa linp@ndkeneaa fap isshefsgine inheth casesgnent . The
f eedback sense Il nes will conme fromthe sel ected segnment until the next
SenseSeg$8el ect pulnsiscenpre sycB @8 B Petervsrawerad Printrae, the BOWRS congymriQpsrequygments
Tsensei nf or ektateltte us@dilowasbéedprifiogy hot the printhead is. This allows the
controller to adjust timng of tiring pul ses, since tenperature affects the
vi scosi ty ofR1tiHe 19NezzlesMaksaPet orns the controll er how much voltage is
available to the actuator, This allo he controller to coppensate for a
flat battery or higrioerEgesaselaashle ZIEer mya suPee R 22 oo
Rsensei nf or rimsoneliew, @uh$ prelin anotherf Each @ozzie 2R propuces oty pmipsimplely 233Tuip 8rmeler t he

act U?t or he%b&éc{ onl R $878):rh QHE Flghte 6GAGWSI Y. 4r?ﬁgegﬁntﬁ>dh ?ﬁﬁle b&ueyvp?hs @zzmésdzzz;s t 25
mai ntain a constan e heater resistivity.
MAR 200410\/\0"5"1‘932%55@%%%%\%%5 ﬁ%@ﬁ&@@s@(gﬁﬁsei nfornms the controller of the
1 thographi o and Ao dozfits 2248 (G 6 ardifhd SadWiinif 3¢t 2 prpIa 10 ©
the. ool ot PEEPeaLs Ao T op Bined packy® e TpS perte e i g7 M Gask v (57,
printing prdeedemiensling ogtthecage. mehtie Aezgies o 189 afjer 4w tepraseatife Pqdisiols fiqin the
t enper at ur e.adi@neiRGsH tke dabil Figirt @ stioivs Bié sar@pbd Z3with fhe hilele22 noinkxtiedphotdngraph has
pri i ng. any e b D eheat eyl e, The. Pr eheat
MR berripain-l e lvinvi bntinarireser b irngl -
The durati ort"ot éi?t?lné %ed‘i’ °s°3thﬁﬂ§ztzef)givr"ﬁseﬁ?r{a%élhgﬁtob%r{')gqfoweagﬂg 'ﬁ}gg%g, ngﬁt '
enough t o hehe Prinfeadsds degigned mith gepaprptiozzigs eionatio MBieh e dow ghpaperflh nozzl e 10
are require cvel Ln roggh in the same sequence as a standard Print
R GoprRghe g

Cycle. Feed e P'é'ﬂpe"gt node is provided by Tsense, and

continues until egullidnki t f . .
o ety e, b SR SERERA bl sgasf B0 Aot

eat node, . i's around, 50
depends on tHEMPRRR zﬁﬁﬁ‘ﬁifgisf’fﬁﬂﬁ".t@(Wﬁ?enisgﬂbeeﬁpfngg?{’éﬂﬂaiﬁ ?r?ﬂéd%sag'h I5ht j ob.
Thi s does ndinesafThe @tachgistancerbepweerf diferent ccelor pasis |23 dependspa thh Melet AREgY2the dat a
i'S transper reammers] 413 nidy ivary Gom oddManiét dasidnl te anvittiag) TAY dibtanch is constbered taober £duce
the chances c%&sd“?%bglsof%%ﬁﬂmsvgncﬁn&gﬂggfore%el-@%n'Irﬁ(g a&;){lﬁt @h&taﬂﬂntm& thmgdﬂ t aken
n ob. Each nozzle 1 s be fir a nunb

bef ore each pri ( ] e e unber of tines Iqto an
absor bent spRIRERYLY !\‘ﬁéyaﬁl”égﬁf MY beyfer|diferent, linqs\toan taose jprifigdcby) thp madegir reYeiy o) |
nozzl es W t hnodzles. The panting agdrihmomust dllow by a vaigble distarice e to abnid Balokwidthseetween f i ri ng
pul ses to eagfarsises Fath 3 [dinford Wa&id). FRHuR B AusdaRaaShiedhdmbita 26.ane nozzle firing
sequence as a standard Print Cycle. The nunmber of tinmes that each nozzle 22
is fired depents 8pghremapodsinake nRodgeEposi tion and the tine that the printer
has been idle, as with preheat, the cleaning cycle has no effect on printer
pertor rra?§e. 2.5 PBRIVRTHOATS4|ergrRrzedintaR AinglaRedgroun 33g3iRce 2ach Alremaped SorRBRd 2
has the 1ol | woi®s 2N BEAEbdgeinp conthirk I 8 ndzzleb-22150 eyl SPmiagentacand SCptiovesizilesns
Name#Pl nsDescri pti on25Chr omapodSel ect 3Sel ect which chromapod will fire
(0-4) Nozzl eSel ect 4Sel ect which nozzle fromthe pod will tire (0-9) 15
MAR 2004 wo ov2o0s4s -16Table 4. Four-Inch Printhead Connections 10
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Nane#Pi nsDescri pti onPodgr oupEnabl e2Enabl e t he podgroups to fire (choice of:
01, 10, 11 )AEnabl elFiring pul se for phasegroup ABEnabl elFiring pul se L 5
phasegroup BCDat al n[0-7] 8Cyan input to cyan shift register of segne iy YAR 004
0- 7VDat al n[ O- T] 8Magenta | nput to magenta shift register of segnents

O- 7YDat al n[ 0- 7] 8Yel | ow i nput to yell ow shift register of segnents

0- 7SRC ock o pidoss on SRC ock (ShlftRegi sterd ock) | oadstilbeaemrent val -
ues from Chataln[0-7], Mbataln[0-7] and YDataln[O-7] into the 24 shift

regi sters. PTransfer1Parall el transfer of data fromthe shift registers to
the Internal NozzleEnable bits (one per nozzle). SenseSegSel ect 1A pul se on
SenseSegSel ect ANDed with date on CDatal n[n] selects the sense lines for
segnent n. TsenselTenperature senseVsens@iVol t age senseRsenselResistivity
sens eVV\ﬁ En S 2—1’”& didhgRAsE lsﬁgjncm GRS L Qe CQSM%L%%EP ﬁlt@? itHat thle d{slanc;eh

power V- Bus t oL, ndbar nternal to the
4-inch prin P ad%%%t T d‘é?’ﬁggs% [“1 ow ng connections to the bond
pads: Tabl e 2$.4. 4Foy,s°-dg?g;g,ﬁ’;k{,gtphﬁa o1,,;1terna| Segnent Connactl ons 20 25
Nane#Pl nsDescr | pt | onChr omapod- Sel ect 3Sel ect which chromapod will fire
(0-4) Nozzl eSel ect 4 fsibogis 25\éré 6Ganizedint @ sﬁg‘lﬁhahdb&upadmﬂhbseblouﬁs is s0 named

(0-9) Podar oygEr, ?om,seoz@(gg@ s BRURT RS by htaindeh A0 GS ol sffonack0. 11

} AEnabl e1F| r ase roup Irin asegroup
BCDat al n Q/éfﬁ's ﬁb‘lﬂ“eﬁtﬂ ta%’Pﬁ'W TP%@T“’?F‘@PMP%WW%&@&WSWPWB &R & eieYagent a
shift regi sﬁcmmVMtabmwwsmbanmm{spaedply\arhdvwa PotigréupEmablgiimeser SRCl ock1A pul se
on SRC ock (ShiftReglsterd ock) |oads the current val ues from CbDat al n,

MDat al n and YDat aPwing [ewspeep erintings prily qne ogte e EpdgroupEnglie fipgRis 3efripa wendine2 0548
PCT/ AUOO/ 01 @uiée, saloniahe maddroup lbfthl twb firesnondsmidrmetibhispdea piirdihg, GatgPaeigrbupEaddieeCt | oNs
5 Name#Pi ”5%§QF3 tht 03 b ,f:se}#eer il é&&eq&énﬁk@lﬁ#&pegé prﬂﬁL@s fWic8 s lohiFas@ni f t

registers to

one . SenseSeg-
Sel ect 1A pulhggs%’ﬁd %@h%"é%gﬁgg\’ “&hepd ‘ﬂﬂﬂé"ﬁ%"taﬁ 8%"&?9%'5 &ﬂgﬁ aln selects the
sense lines for t e
senseRsel@selResi s?'?\%? ﬁ@ﬂ@%ﬁ{gsé e‘%@g%w dth £ gﬁégg uogl cedé%%ﬁg%‘iy%“garag%ntdmgl c
PWR1Logi ¢ p@&\@f%szmema%@'@f@’undv+21Act uator Power TOTAL 6~ 5 ~ (65 x 8
segnents = fo ne t 3 | MAGE PROCESSI NG CHAI NS The previ ous
segtl ons havéqd"ea# h“lrﬂ""'pgmfﬂ re&r ghest | evel overview of the PCIF:)’

functionality - th\@% hqgegmrzmgeg@& Lmss%gﬁo&bsﬁawghm i a%e%grw nt

formats. In _fact unbe P o] ve mage
Dot he | Al 4, Jagiuee dh e ST HigORUrn 20 Aega TR Soateh e S1Tnte e oo
break the hingdzles @%shulignegestys Twd analde ling AEMRlgangPENakis sllavwthe firing plfhasegrebrAni t h a
nunber of steRs andiFABGGoEB RbtleLinddderdBnti). Bs difféfehtTkingdhadesl TRé\@rahgBR@R isCAGWNUT €

Chai n | SISCORESEACH W bihafid Bikich Blodo Gob IR odsBBbYS dfifge Sensor and

storing it locally wt rlntc rint ain'is concerned with

t aki ng the 2f10recdNdzBRGRUBIAE SHRMaYI Ng it. These two chains map onto the
basic Printcamfunctionality as follows: Take&Print = Inmage Capture Chain
fol | owed by Pri nt Tairked isa suReptyiofthe nozéRs grovpingsime prinfh@ad-or exanpl e, a user may
print a thunbnail. i mage %Take&Prl nt), and if happy with the results, print
several standard copi’ade ﬁ‘?ff’?”"”ﬁ?@‘&ﬁ!&dt'%ﬁhpﬂé@&i‘* bes_an _inplenentation
i ndependent i e processing chain that meets theefikafidn Y " REe" €NMENt S Of
Printcam At thj SassdcdGeuping |ar e ndompositdknder i ng ex&etid y howCblme priocessi ng
| s perfogpred i nf iepéBm of han@aarwit but rather what fwst Qe done. 1These

functions nust f BEpped Ot %Hggpéf%d ous uni TS W t1|a|1n THe PCPegar dl ess
of the PCP inpl Mer?ﬂFJﬂ”) tr %e%ﬁ&wrd%bdﬂe' - :-, 2 #‘tLIA?\.I Ir::/boné The i nput

i mge i s a CFA based—caRtoene v 4—Wo161/26
PCT?AUOO/ 01074 LAI9up2s By (Chiomapods per pedgrodn. 1. o S T n 01| evel

dots at 1600 dp|jhaseeroemAe ool Bedsequager Phasagropm: al ways®he dane A%t wi dth
(4 inches wi de) | Firegreur®7? SyppdPhesaareyes per firegipyent s [The PEP 3 [supporf®|a variety
of output print| $egmemes, as |$eomups perSegieré 6. ||n al #1casgs, t h&a40Qi|dt h of
the i mage irs 4 | sinbhgsntheaal Clisagnenis@epicinchiphietmed Wi dt hg:1  Onljy t hes,doengt h of
the pring; out varres. 5 Table 6. Supported ITmage Formats Formai Nane
Aspect RatioQutput Slze




(i nches)Qut put resolution (at 1600 dpi) RotationStandard 302: 34" x 6"6400 x
960090Passport 312: 34" x 6"6400 x 960090Panoram c 334: 64" x 12"6400 x
1920090Thunbnai | 322: 34" x 2.67"6400 x 42670 10 The i nage sensor dob%MA%2ML
provide orientation information. Al input inmages are captured at the sane
resolution (1500 x 1000)) and rmay need to be rotated 90 degrees before
printout. Rygui/msd3 illustrates the nmappi ng bet ween theceaptowied CFA i mage
and the various supported print formats. Note that although the inmage is
shown rotated 90 degrees anti-clockw se, the i mage can be rotated cl ockw se
or anti-clockw se. 3.1 | MAGE CAPTURE CHAI N 15 The i mage Capture Chain is
responsi ble for taking an inage fromthe I nage Sensor and storing it
locally within the Printcam The | mage-®apture Chain involves a nunber of
processes that onlgioRREHRKPCRAEpEr fOorned during i mage capture. The | nmage
Capture Chain is illustrated in Figure 14, wi th subsequent sections

detailing the subagRfEORGPrifthead 2 Lonlaids FAGA of@[26@r0zdes PAEA PMPOYCIoliiVEIES tHaO ME'S
froman i mﬁrﬁmg%ﬁ{?ﬁg Lo o}thegl Jolzyﬁ%g&g an"lerl tﬁ% Mfo%am%nr[@geepri%gg SOf ?ji_g\%% In%glvesBayer

avail abl e er array

CFA has a nd‘ﬁﬁ’éi""%’fp oEthe prinheRdadin Wﬁi"%’ﬁ“a&?’@ B%‘F'P‘ﬁ%ﬂi‘”f‘ﬁetf‘%s“bﬁ%ﬁni '?fﬁb%’c'&apt ur ed

by the CMOS senso i t akin v

sufficiently fil téﬁpéa‘gzﬁgﬁia? o} ?sé%ﬁfgr@%ﬂf%ﬁé}%gl‘uﬁ% dﬁfaf"f '?eéé"&t r?h'émg@nsor

i tsel f hds aerzleypdretdusingtthedriCygle.JThe WpaziqEngble bitsdpnetretozzl) ap@edcvial@0of

sanpl es. Thenimmgiters.i kel y pi xel arrangenent is the Bayer color filter array

(CFA), with each 2x2 pixel block arranged in a 2G npsaic as shown in Figure
15: 25 15 MAR 2Udgidaily\Be® bfe0bhiSedRETY pdlUSQmet Briel per t9éfn edeh BOMIbrNAs titaamel e of

R G or B ema nrﬁ&meadn FéGIstEIOforr @gtven%e.emey @@etreelwe tﬁeeemcaha u&pw.}oziué dn0- bi ts.
Not e t hat ea]% r}ag r?ages Intel];ngl each er? s%jﬂt ?glsgr lsl ?rrclf%ged lwor}ﬂﬁsetce)g tE)I-é %%ro e of

R G or 8 he mSSI At on ¥before
t he i mage c& Behqrpeitneszies, apd onprer ‘E:qu gozgleh Sitamatechits 88 sptadiinie e altvegigat e

fixed patt einternaDbgsters, Ai¥hasseppieres siette istoricedied Howear, thae isGRgld Bodaieeplsh | Mage
sensor 40 igquplikely to have a conpletely linear response. Therefore the
10-bit RGB sarrpl es fromthe CFA nust be considered to be non-linear. These

non-1|inear sanpl eSncaraf tHel shift TbghitepIhdve beenBallpildaddd (BEAIbadSEUERS) S dPYheBREBRS Of

| ookup tabl ﬁ-ﬁnesfe%mn dﬁ%el?o tgfgé)gggrtagarr?owﬁén ?a:bﬁs trﬁQ Eﬁ %thseto%fb‘g++ar?a%§ trgﬂsfeééf 4 et C

I ndex Into t

i ndex into ffEPO&!s,Rere fherapsfephas tajpn riace, é"et?ﬂ’l’fﬁh"é‘i“él‘ heginnTheFan Ggip ang he Lopd

ori ent at i on Cedle dah eccarashmpitansoudlp @s longesdimgaialiel pirioofall NazziéEnghie ists décurs Btree énat al
amount of Y RrnfRAli red for each |ookup table is 2° x 8-bits. The 3

| ookup tables 45 therefore require a total of 3 KBytes (3 x 2' bytes). 10
3. 1. 3 Pltanakkie RGBR4 dyklelThe pi xel s obtained fromthe CFA have their color

pl anes interleaved due to the nature of the Bayer nosaic of pixels. By this
we nean that on euenoduCycla Griosdembd Witdoading the dhtheadscdhiftlrégistedd withwacheldyri gr een
pi xel and t RedydNozARRIGfs.F €d pi xel - the different color planes are
Interl eaved Wwth each other. In sonme image processing systens, an
interleaved for matach Sediefthdiyhddehpilts u.ldawauaéa folthd BRin Pinddahts 2dhd BeIRwaR®RI NY

system the %BBQ”rhEQ’Trﬁxu@rﬁc%ﬁ%D?%fn' fibazdlh arlaly, W@fnkéu%g tr%[bsdi’el X Exe ere15 A

pl anari zed | een separa colo

In the case?§f? tf"l’i'é’f eEloRinpHt iRz par 4- t"ﬂb‘?"ét“%ﬁde“‘ Sngle-pyise p dne; ?ﬁi"é‘ﬁ ""eo(H@'eF mage
cont ai niggg betivgentahi @ segrokn(s) kamisfers then24 bitsnindpethe epprapiiate St Boibtyrst Allernith palseei xel s,
and one i NaggnsePit Bty IMrQﬁ'queF RRzIEL T &tl\myxﬁﬁcs thefdQkeS! Qbﬁﬁﬁozﬁémo@m only

represents msesgrefy?eqyf?ed? r d\qurtlsfe? nge sl Y3 oG s RS b bR e, 3 P@ e pu sgm'}?\ the R

resanpl i ng Iahar|2|n process.

G and B pl aﬁ'@éadeﬂr@"ﬂe't linp gayises Eﬂﬂa”ﬂnt@wfeéaf(ﬂﬁtad@ﬁéfﬂe shétrfep'qt%w@e;ﬂpemwates twice
as | arge as Neizlsbmablebise R or B pl anes. The process |Is shown in Figure 17. 20
The actual process Is quite sinple - depending on the color of the pixels
read in, the out plhe paialiedranstar va gpuite eroPTrémefenmust tase plade afar the Pt Gydepimsopr i at e
col or pl anefigishbdr@gerwish the NeZzRERbbIe Bitd fbrehediAd BRInG prinfdatwiilos Mdord&, t he CFA). The red
45 and bjue 47 planar Images are exactly one quarter of the size of the
original CFA image. They are exactly half the resolution in each di nension.
The red and blue Images are therefore 750 x 500 pixels each, with the red
image inplicitly offset fromthe blue Image by one pixel in CFA space (1500
x 1000) in both the x and y di nmensions. 25 15 MAR 2004 WO 01/ 20548

PCT/ AU0O0O/ 01074 .20. Although the green planar Image 46 Is half of the size
of the original CFA Image, it is not set out as straightforwardly as the
red or blue planes. The reason is due to the checkerboard | ayout of green.
On one line the green is every odd pixel, and on the next line the green is
every even pier Thus aIternate I|nes of the ‘green plane represent odd and

- ~r A " S " - —— e~ A NN N



10 B: 750 x 500 =375,000 bytes G 750 x 1000 =750, 000 bytes 3.2 PRI NT
CHAIN The Print Chain is concerned with taking an existing inmage fr {MARZWL
menory 42 and printing it to a Menjet printer 2. An Inage is typica
printed as soon as it has been captured, although it can also be reprinted
(i.e. wthout recapture). 15 There are a nunber of steps required in the

i mage procegsbiMasghain in order to produce hi gh qualitycpapsesesh r om CFA
captured inmages. Figure 18 illustrates the Print Chain. The chain is
divided into 3 working resolutions. The first is the original imge capture
space 50 (the sanme space es the CFA), the second is an internedi ate
resolution 51 (lines of 1280 conti nuous tone pixels), and the final
resolution is - the printer resolution 52¢1-with [ines of 6400 bi-level dots.

3.2.1 Input | magesikdg aTbleegHamym arsrﬁgdad Mih as.dgterm@tob@ﬁﬁ&e% rlnmgqa,césa mpbtored in

D anar L1 i 1 Dot e BB ot K51 ol Sl dhc 5 ine
entire i magéanseeihe FUY bits fg[aberf@ﬁ'e"d'“‘tfdf"eﬁ dot Bvret%é§%%§4091 51?@0 W0t 480 AndpfeR and
range expanShexaconaBREIeckpaisd van sanster the GMBEDits tofthé Bdxt Frat @i’y ddt &g, l1eo1bmsogat her ed
once for al Ezd?rdo(ﬁ §ao‘?fanc?ssl913‘§o.hér‘ébﬂ gloﬂéﬁmsU{ #d P'rﬂampé’r?a,ca@&%w&@“ be gat her ed

separately fromthe red, green, | ue planar | mages. 1 5 MAR 2004
WO 01/ 20848 -21 13.5 Rnpznakt Brbtb Qﬂ-at"ﬂ\asdd@ﬂfd&%nw Amﬁléﬂﬂ&zmprﬂth@dJrlhdtﬁé sanle€P |'S

to bUI ! d a lal'uﬁEg ?cm pea'\?%g F\ §an113efpthymcgl.f§$88% tl'lr| s?ca egd? &”é? OTE e¥e%500 X

1000 CFA i counter
requi r ed} 39‘”;’:'%‘@'@'“5%@"}5?@9e?%w"0'rFF ﬁepfg‘l'%bf"wew °|f é'ﬁ?j? ER!B’ 8 ensurgsiat0 00
green pi xel shey wil prodide lbts od ditierére lines @titie pagel) Thishaates oiffertte SN Yk ccadintbdXor20 bi t

table is r eg/”énrlgédlné @Re bé?é Htottrt&%nm\eiﬁ G4é &tlal dm%nw Ipﬁﬁ§§e Qd(ds br’rjﬁ\e E”an%&erﬁsh:%

hi st ogr am IS, strai seudocode:
For 10 %0 3 atppoin ad f vipopbantIbe A rersfap D%dﬂf??&@ sraee ) 59 Bragend
p = Image[ le}w# P Ithe distdng¢ betwelen nqzgipgyf differdihed(oGy ar@ D2is the RisBroe betwean@oddey¢f and
Low Thr eshokydsardexofel $4bid 3 ¥RoWd thd 8 traiSrehasto BRMBnt G NSirih&da Bl nk Akt 4lplSesC Ol OF

pl ane, i can be used to deternmine a high and | ow threshold. These

t hreshol ds can be usé@lébprMDMTrﬂgferrat!bmmmminwaﬁance and range

expansi on during tph pri nt roc t he nunber of
pi xel s fromthe|hi¥ ?mr | to be
expendabl e and { her'ef or@O@iual : the n%

li ghtest pixels|tode ¢epusrdabl engyd t her phar,equgin+2dme, ejact value for n
[s expected to be out| ;5% ., but [l depen n the respqnse
characteristics| 2 Theagor%%ess 'E‘)V:‘ deter ﬂldr% t he qf/g%l'ar keqt values [s
strai ghtforwardl_1t% i nv@P¥E steWing t hr i ™ehe dN*BP* P ade' s hi st ogram
from t hesiscount f o4 SGseqowamdfber((a?)e 0O, 1 ( 2, 3 etc.) unt|I the n%total fs
reached or we haveDt,£Mrbﬂﬁbsﬁdwesh&rnozhlbhaﬁbnaco&eindﬁmur(l&elyf-rmm 0. The hi ghest
of these values ig D?%l&bﬂ@fﬁlﬁ‘edb&vﬂﬁht\lv%sknBﬁlﬁJU%QsaHLcofohﬁenfﬂhor pl ane.

Al t hough there is a difference between these darkest values, the difference
can be considered expendabl e for the purposes of range expansion and col or
bal anci ng. 25 TheA’HrSBE'efg%a"d?o R¥EP%r i ni ng the n% | ightest val ues [s simlar.
It invol ves stepp, 9 ane' s hi fro ount for
255 downvar da. (| A0 e 2egs e fnBladt 8RRl 93 B P WA R R D00
WO 01/ 20548°PW1&LEGP02’0W‘"4°EQ . reached or until we have traveI | ed
further ghan a set amount from 255. The | owest of these values is

consi dered #i&@ hif§Htex¥sleeshol d of the col or pI ane Although there is a

di fference betweep these ht est val ues erence can, be consi dered
expendabl e for th’e“bﬂ}%ﬂ@%&g% '?'5,13200&3%%? 5?1"’8“‘8’"8'6?'8’?°°H&‘I'"a‘??87”ﬁ‘§t°°The
reason for gueppewergpndbe reblematicln tafasdf ik el 4nd 0pazld Interfe2B®. Cansequentioiwp fingat e f or
t\rlnvo types Ofm\:)\geslamgﬁo‘éd a loWEPEed phifl oY dn@h Righ-speat panlintedé:ange i s Iow or  where
there is no ite se.t n't. want to
consi der the entllrng{e@l%?&tﬁﬂnl"?og?adﬁp o?/ée)pp{i/ag u‘év'éh%,&%'e&gr)%h e-@isnce we
have a | ow range eqaatbségﬂ%"w'eswerw%w@arrféﬂogpueet t he hi gh 73 and | ow 72
thresholgs te0 be itresightepebdirint hodg eheas argdi08 Plasasolith@achiphise Biing YozrdeaMs is The
exact distance wl be two constants. 10 A
sanpl e col or rang%&?tgsﬁpgp%(ﬁmpgﬂg%n&aeﬁfrssl%su'}]ﬁeé\%&%n Figure 19. Note that

al though the entire 0255 range is possible for an inmage col or plane's

pi xel s, this particular inmge has a smaller range. Note also that the sane
n% hi stogram range 70, 71 is represented by a larger range In the | ow end
70 than in the high end 71. This is because the histogram nust contain nore
pi xel s with high values closer together conpared to the | ow end. The high
73 and | ow 72 thresholds nust be determ ned for each col or pl ane

i ndi vidual ly. Thi s 15 | nf or rratl on wlll be used to caI cuI ate range scal e and

Y e . v .




20 Threshold StartPosition Total = 0 TotalDelta = 0 while ((Total Delta <
MaxDel ta) AND (Total < MaxPi xels)) Threshold = Threshold + Delta th a*l'AR:ZUUl'
Total + Entry[Threshold] TotalDelta TotalDelta + 1 EndWiile 25 Ret ur’r
Threshol d 15 MAR 2004 WO 01/20548 -23 3.2.3 Rotate |Inage 81

PCT/ AU00O/ 01074 Rotation of the image 61 is an optional step on both the
Capt ur e andygoi/sksgend Reprint processes. Different priperisgbonass require
the Image to be rotated either 0 or 90 degrees relative to the CFA
orientation, as shown in Figure 13. The rotation anmpbunt depends on the
currently selected print 5 format. Al though the direction of rotation is
uni mportant (it can be cl ockw se or counter-clockw se since the new
orientation is only facilitating the prizthead width), the rotation

gi L Iect i7on will af f&f\ﬁufe?@tbﬁ%@ihiaﬁﬁerﬁ_ﬁﬁﬂ p‘ilts?a%idaé}mﬂgd tty_het 3fcol 0{ PI anef-h

abl e sunmmari zes, . rotation reqyi or e rin ma romthe
original CFA orie . . tation for Print
Pt nal CGER or | oRpatrsmrandHspied cpesst Sorommock ATt Bt at i on for ri
Formats 10 Print #olsiatzRSelactisor@! aht®ardie8DiBResmpddt 3190Panor ani c
3390Thunbnai,| 320 513eEpolEroasenabiPines istlett R of 2BYugfbuRi2s Ahirglegr ees, no
Information is lost during the rotation process. For a rotation of O, the

| mage can be r eadwhéenbyr thoWadgradpBndbRllinéd i§ Sk, dhiy M8 spdcili@iRodgrbp'si4RgRsGmn be

read col um ' i i I t he

ot at i onSal g bl vy Caehalicid: 3 lagheiitgpufislegh onh ARG B e i e
Expansi on 88tAR°Heb1e eadapps Wi frednelt aerzies kerdhe 'ev-sraecmode hte RitFeR &R ERSY SN .

Even t he vewih RedgioopEnatfle * Jratd 0t respeglively.nitpr dorhitihispeed sriode, only ropes Griatpulse tsh

subj ecti Vi t yequik@!Wknh PEugloBemBoidf 14phot ogr apher and subj ect matter. However, in
all cases, the subject matter of a photograph Is Illum nated by I|ight
either from a |i gite da@tidh@ethé Sing pulsesis bile by WHe ABnablé FIQBENkDIE) lirles, Wikch fir@ithel t S OWN
1 gt (SUCH phssodtaBR QR Fhldbfibunsizzies ot SMRErols Kabdchily OB Hbibd Fsion ¥R ing ™
appear to the photographer as "Wite" l1ght, I'S usua ar fromwhite.
"hdoor 11 ghPHsGe g i St ics, psp dapkods.on, Bo ety gt e s enepedt e | ow
cast w |0 apeerpturgrandink ehawacieristiag) and the lopuny efapiver avedablede the penthebd: See Brstiope| | ow
cast on the2fiondhgdHB06H defafld @iCfeqabatk G 3RprihtBeadiObtger to\tdmpeH4ad fdr tenipBtudat Ch
the view ng gég_ji tions at the tine the photograph was taken, it does not
mat ch the perceived color of the object. It is therefore crucial to perform

white bal ance on ¢,eRRASRGHAEENEISESEdparRlo lifdh inbEtiel that M firing bilsel B o?&HER THRY . an
i mage can b% E e 25 of

ei ved to be of _higher ty whe e dyn c . ran
the ol or's. e PElanSiak e aeoniran cHreortn M ARdsst R Cigh R ohesge, oty T o 7
parti cul ar | yoQesisfofRhagsech aid Phase Brlikewise. IhpdRfcphasss efadighpreediprintrycie ¢ongigh af50 A
resol uti on. phdsed dae 5@y prases efb@ivelaiving 5MpHABER of phiadbircdndprbis@d.e val ues 15 MAR
2004 WO 181/ 20548 PCT/ AUOO/ O10?4 -24can be used in interpol ated pi xel
posi tions) avoi di figrrel2sheysedEoablelahdBEngble imagidiringRetypirel Pent|Sashes Ingrhighspebdsi gned
to give the pfiddinbre 3R%0 Vil cyes! IR a loR-shéb@ Bint dleWRSI 0BGk Ulehy sanpled. In the
best case, the |l owest value is mapped to 0, and the highest value is mapped
to 255. All the | Fdréwenhigalsmeédpriving mede, the Gringadpasl t o proportionally

Internedi at § val uggohépbdteRt o N2idheRatd; PoWFrBJ}E%FeWthL%sAE% operati on
performed is a translation of LowThres d 72 to 0 followed by 5 a scale.

I ho
The formul a®is shBUAMIRatSeiectp; NozgieSeleqt 8; FodgrourEpgRipH ! €SP 6 P"4E)RangeScal eFact or
wher e RangeScal eFelworoapodSe@8@, Nazkigsialedtior Reggraupéinablel1d (hiasee 8 aad &) .
RangeScaglpeFgct OrSbﬂb}kéﬁo&;ile&'smorzﬁ&gfeaO?Po'ﬂa'&pﬁh’éﬂ]e‘ﬁi‘k#ﬁﬁsé Qaﬁoqguce the risk of

expanding the range too far. For details on _cal cul ati ng LowThreshol d, 72
see Secti on '3. 2. 2ChremarpdSieledtd NozzleSelect0, PoggreupEnably 1) fihases AerdRThr eshol d and
RangeScal eFact or ) Cabrhdpodselectiof No2sieSaloctfi (RodgraupEnab@l10 (Phpdestn@nd Nd only need to
be cal cul atgd once per image. Both tasks can be undertaken simultaneously,
as shown in Figure 20: Since this step involves a scaling process, we can
be left with soneChPrEaPedSsiedt s Nagziensiae 9t PaderoypRenbied h Fdeses ARtiPle. g. t he val ue
t2 may map teo 5. 28hrofpbdselectid)NudzidbeBcta) RbdiropERbRCAT (FDARE AGRIEIONENt , we pass a
10 bit result (8 bits of Integer, 2 of fraction) on to the next stage of
the inmagg processing chain. 15 W cannot afford the nenory to store the
entire Image at nore than 8-bits, but we can nake good use of the higher
resolution in the resanpling stage. Consequently the input inage is 8-bits,
and the output inmage has 10-bits per color conponent. The | ogical process
is shown in Figure 21.



It is inportant to have a floor of O during the subtraction so that al

val ues bel ow LowThreshold 72 to be napped to 0. Likew se, the 5 2004
mul tiplication nust have a ceiling of 255 for the integer portion o} MA%
result so that Input values higher than H ghThreshold 73 will be mapped to
255. 20 3.2.5 Resanple 64 The CFA only provides a single color conponent
per pixel (woW)o€@sordi nate. To produce the final printedriaoegene need to
have the other col or conponent val ues at each pixel. Utimtely we need
cyan, magenta, and yell ow col or conponents at each pixel, but to arrive at
cyan, magenta, and yell ow we need red, green and blue. Wth our

one-col or-per-pi xel, we may have the red conponent for a particul ar
position, but we need to estinate blue-&d green. O we may have green, and

need to estimate m%m &d ﬁnt.n@.ﬁode tﬂefﬁnd\%&r@@ﬁﬂar\m&w pHaS B thBRidH Hb&¥0/ 01074
-25Bven if we,dl here%d g rwas a'.:ﬁ/o rpe &’ﬁb%”&n%é' eO‘F erqu a%%Uﬂ%@E&?J‘ % s for

each CFA redSFfUt°Cn ?mu@ mage 1 s not I'mal out put

resol uti on. fQ"PWSaddl tion, although the output format varies, the physical
width of the pri ntmdnépmectiosuaaé&teatmt Pc(déromhpﬁﬁém1mhaae6mnaimi ). The const ant
W dth of the pr| nEFrgrﬁ‘a 0 S%e%t%eﬁcség&?ect%llp AERab -qlagﬁhgse?r/&n{ﬁ‘f) extreme cases

to consi der: er o Fesol ation erpol ati on), and
then perform shar E@Hﬁﬁ?gf)sel?etl1oh‘°zé®$ﬂﬁetr°s?®ﬂf°“ﬂﬁﬂ%q19"“@?9&}"\@"%@ to the print
resol uti &n. «This bBRsmipbeseReMANGzAGRILR0, PodgralbEhabib10$asdedzhd® ker nel and

col or conversion at the |ow resolution. However it has the di sadvantage of
requiring nore than 8-bits per col or conponent to be stored for the

i nt er pol at ed | magEhromarpdfielectIehidzzieleleotd, PrsgroydEnabled (Rhases AreedB) v i nt er pol at ed

d]thri ng the fd nal ESrahﬂmmlet:tQ Wﬁléﬁeleﬁmﬂﬂd%ﬁﬂﬁabldﬂ) (;&Jgsa@ Ahagey he di sadvant age
of requirin asc it C r print-res

i nterpol ated valu rf)'g %%‘;FM 'E°z?]n§°"e°tg %%Pmu %"é%!ehoq a’r ?e(r% gd Ié)ol ution, then
per f or m sharepeni n§hramapoesslegs, mmn%mwm%amg (ﬂ@sqsﬁén‘a@vant age of only
one resanpling process, providing maxi mnum accuracy. However it has the

di sadvanttage of r W 3 HoAge 22 feesdl takes Appraimptely fofus F°§°f@aT|B&B‘fzé'°6?°aB'P°6EﬁfE?dng 1
bi - cubi ¢ i ntbeopoiisrbidime dasetapgelr Thsjioliethe fstes biintiqgssppesiité 600ps pry liwhiatedighng and

col or converg Eéeg Brint Abde, RS iR Yo 4 % ﬁépsaso%ﬂ&k %et@yﬁlf ﬁhg amﬁleﬁlraﬁ\roﬂﬁlmb &0
kernel nust

res res
i mage. Wor sé™ 'fef‘tl 'T'a%?s tF ?ﬂQ‘WBeW% t%‘[ ﬂ%’?sgaeﬁl?é?t "5’88 gﬁceq ﬁ’eéow'wﬁ?i%’vr\}st kept
onto the out@ﬂd@'sﬁ'mé‘%'@a@h'%ﬁ?@ﬁm% a nunber of 6400 entry |lines) since
on a single print_cycle, the c enta, and yel |l ow dots represent dots
from 6 different qu fing of al;")°zﬂ%¥ Aeq °°(‘J es BAQuetic Pedctiations gf & fimiedime with e ¢ he
fact that t wemiemiek regarvpindf thatriogale’s dog 23 iTheepedirbatiertsiceyy interifesewith dretfigmgef another
Consequets | Yoy mn th® drhdRdd 23. r@oﬁuah@n@nﬂumﬂg Binbiek R@M &lodlsRould®s Affdel fioRd, and

achi eve the egc S0 hef is mgt%gtp%ﬁg‘atv{?eotggreforll?g trﬁ% n%yleg Iﬂ'or'ﬂ% cﬁrgm%{:ga &4 @94 rﬁ%%ﬁ% %O an

Internediate re

i nt er medi at é’e’r‘@'é‘BF’ti‘t"i'%ﬁ‘°vq‘%‘F°l"ﬁﬁ/V@H°U9m%?°%%"'d'l"'§'“ﬂ‘ﬁ "?‘19'%? ht resolution. The

i nter meph at e r esolinube Iow-spEEd printirgy nhodlethe Padgehpst 25 agd firadvsepanaelya diva ttecigppemed smal |
shar peni ng ker nel 8§dhégwuﬁmfﬁ%otﬁﬁ ogrou&%uaenmeséarpme febtBhrifapoliths dohif? b foTedl al e

resolution nust b IS n oss of quality scaling

eno
up to the print régﬁﬁﬁ%‘f'?s P B “?"é%r’“?%ﬁé ﬁe%ﬁ']?"@?’?%‘t?t nust be the same as
if there was® a si inghenighspesdpontag mode. the pedgesupsraSrare firesstodether. Bivs thect ditomat han

t\tNO) S;) nee ]Ehle Phbdsk4 w.meunbﬁ pétgiold Mkt ASireBff tmlrstdir&ﬂ%%dﬁcigbslabmﬂ @léf[ﬂlrg dot s,
it can be safely repre nsequently an
Lo L P SPREHOH, oot L M r TR

i nternedi a i one prxersp o perceived | oss
of quality over 640Q, R crlaﬁaeﬁL 366%1%9 J&%elvamyof%aﬁhnm b OFbuhd Bdoh, 1RA00 i s

t herefore an exac

PCT/ AU0O/ 010’?52?“"?%1’6 “8’e°é f"gé"‘ﬁ’c‘ﬁﬂl‘%ﬁ&”%‘f*b "?“ég’ar'ﬂm sgoe "l°d? §'°‘Bse¥°?°sc°6a"€‘i¥f‘i%’i der
each col or (brhecadoystic pulsettd demren anthdheigh speed (ode Rllows 23 rasenanteydidsolins eRY Fi gur e
22 far a rotablsfintéHerehos issnikimbl.inbolRegsed> and Bl ue 47 Looking at the red 45
and blue 47 planes, the full CFA resolution version of the color plane can
be creatgd by scaling up the nunber of sanpled pixels in each dinension by
2. The internediate 5 pixels can be generated by neans of a reconstruction
filter (such as a Lanczos or Exponential filter). Only one dinension in the
kernel |Is required, since the kernel is symetric. Since red and bl ue have
different offsets in ternms of their initial representation within the CFA
sanpl e space, the initial positions in the kernel wlll be different. The
mappi ng of output coordinates (in 1280 space) to | nput coordi nates depends
on the current rotation of the Inage, since the registration of pixels
changes with rotation (either 0 or 90 degrees depending on print format).
For red and que then the follomnng relatlonshlp holds 10 ( x~ +klI np

N oA - . I Y T

nab



1 5 MAR 2004 WD 01/20548 PCT/ AUO0O/ 01074 -27Note that k~ and k2 are 0 and
-0.5 dependi ng on whether the i nmage has bean rotated by 0 or 90 dequGWAER'Z[]M
Tabl e 8 shows the values for k~ and k2 in the red and bl ue planes, assum ng
that the rotation of 90 degrees.|ls anti-clockw se. Table 8. Effect of
Rotation on k1 and k2 (rotation is anti-clockwi se) 5 Format Rotation From
Original Chfokmised k2 k~Blus kyStandard 30900-0. 5- 0. P0Pasapaes

31900- 0. 5- 0. 50Panor am ¢ 33900- 0. 5- 0. 50Thunbnai | 32000- 0. 5- 0. 5 The nunber of
medi um res pixels per sanple, nps, depends on the print format. G ven that
t he planarized RGB I mage has the follow ng red and bl ue planar resol utions
when unrotated: R 750 x 10 500, B: 750 x 500, the scale factors for the
different output formats (see Figure 13t4en page 17) are shown in Table 9.
Note that webh tmampRIwmAgt i mage format, the entire inmage is resanpl ed
into 1/4 of the output space. Table 9. Red and Blue Scale Factors for |Inmage
Format s For mat Mapps angrepspie, ¢ongideBhatntkayoflprd O ig@0 4™ 61 B0 Z8onBGOE6LBRErssyOr t

31500 ~ 6403280 1f ShoRS HRFR BRI £563H5 tho 1R §RThebPRusl SHFEHAGHaYERN 32750 ~

12801. 710. 5848 As can seen in Table t he d and bl ue.i s are
scal ed up f6PndPguA tﬁé‘b@%%r‘?&’t?@”%ﬁ?&éﬁ@kﬁ‘f"w {oﬁéﬁ’gsmiﬁrmg%‘icg%g“eaaﬂvk

al i asl ng ar Leadguele musi beth Aniehexdthib {histtime. Ip addifiam [a PhypicpliPrrsess gxternel {o the grintipadey 46
The green phageodbnemperah apppopitedhantscal ed up in the same way as red or

bl ue, sifce each 20 line of the green plane represents different pixels -
either the odd or Fremee pritingrdoint af vieva thie owrsated ptint mede allgWstadngl brinthead teprimsanof  t he

nunber of pigkRd e int206 gs. INQRY 18R §REAThiRodb, @6 Bék¥led BSirdiieR Mg puldORerbty eRadingk 1000,

t he i mage cqul d equal e sajd to he 1500 x 500. This confusion arises
because of ?W@g%'ﬂqg"lciﬁ%?'ﬁ'i)eg'?%w'ﬁ,gg’ﬁrs%“@?dti fe green pixels, where the distance

between pixel s | SpaGh, SR&IGHK plitks Yo tA W intedd 2 TEF HIOR BuiseHARbieMRE 54 AR miERdsnel | O
i mage reconstruction or resangl,l ng. The nurrg?&'%t ! nt er po atd'fﬁ@ hods
used by ot héake igeeviiip the 200 1t g fimey ThBnged! B8R SRY'AHPHIBh oY peedd Hgg G this -
f r om near est25Mmeiinglsiting thetdip prictheail st becidckadabdMHznip eddilion. e iavsrege mbto cl¢ulptear
iD?:tT/e,rABg g}@gilggbgam%ldsawr?ﬁa{ 3t the H £R0 AGled) Grubt OB excded 25)_0,15 /59.%?_ 18&2%&3&&64&12 ;3548

- he Ut coordinates (in space) to
i nput coordidﬂtﬁf"eeéa%qr5""@%%%03{5??%"0%["33&%%% for green as it Is for red and
bl ue. The maEppi ng‘@éﬂ#ﬂd@'ﬁﬁ?ﬂt'?‘ié%@tﬂ?’r%ﬁ'ﬂ rotation of the image, since the
regi strati on of pbsoHSgendrainge bits\dotshper 6ici@t i on (either 0 or 90 degrees

dependi ng on prin rmat ). n plane the follow ng relationship
holds: 5 x. - ~ xgss&'qﬁgeﬁ rﬁtm E&%'(M}?Qe?fy§|§+ k2 np where X,y = coordinate in

medi um res ce e ERE: i in input space nps = nediumres

pi xel s per ?ﬁ%ut é%gg%&;g%ﬁﬂ@@ﬂf(o, -0.5) depending on rotation As
Wt hl thetsred 45 a"l‘ﬁ(} Hﬂhth‘@a{!%&omcﬁkﬁﬁml finQ?ct)f?dégL@R' (a&ﬁmﬂﬁ@fﬁﬁmtﬂe%%e@héﬁ@i. $ha%g3
sanpl e, nps, _depends on the print for ven tha |

i mage has tﬁ?gtfag'f 'F}'S?/\frﬂﬁseﬁlt%?@?t thedioiie ot e friod Reees: %‘J‘Eorué'f %"tﬁ%’?*"%@z%’é&% %00, B:
750 x 500, he spRefeadbacipthe feedhackdiom|al sqogentysharerten samp &i-siate us finept Coptpayanty 15
formats (seanlbpsegnehBd1 abs nesdadprbviderfeedimbt.e 10. Note that with the Passport
image fornmat, the entire image is resanpled into .1/4 of the output space.
Tabl e 10. G een PAanee ®cbg SenFefieglaest iine ANDedayith dfta pr@ites eregles the sense lines for

For mat Mappi nighReghien® T ddediuckl saad QRY will 23D korm GRb FdlekRb RagsdaD ittt JBLARO ~

6400. 841 56255001301 6 A3 N dabidif 1A RiaRT NUTDNAI | 321500 ~

12800. 854y 1 ese sca actors allow the mappi ng of coordi nates
bet ween CFA % esol ngnéﬂnf?rp?bﬁp cgttg'gj@éhow hot the printhead Is. This allows the controller to adjust
timing of firing pulses, since temperature affects the viscosity of the ink.

. Vsenseinforms the controller how much voltage is available to the actuator. This allows the
controlier to compensate for a flat battery or high voltage source by adjusting the pulse width.
. Rsenseinforms the controller of the resistivity (Ohms per square) of the actuator heater. This
allows the controller to adjust the pulse widths to maintain a constant energy irrespective of

the heater resistivity.
25



and nediumres space. However, once we have a coordinate in CFA resol ution
| nput space, we cannot perforntlnage reconstruction and resanpllng QWABP®4
sanples In the same way as red or blue due to the checkerboard natur

the green plane 46. Instead, for the purposes of high quality inage
reconstruction and resanpling, we can 25 insider the green channel to be an
i mage rotatwdosa> degrees. Wien we | ook at the pixel $cirAvbdvies 1 5 MAR
2004 WO 01/ 20548 PCT/ AUO0O/ 01074 - 29 light, as shown in Figure 23, a high
qual ity image reconstruction and resanpling nmethod becomes clear. Looking
at Figure 23, the distance between the sanpled pixels in the X and Y
directions is now equal. The actual distance between sanpled pixels is ~ ,
as illustrated in Figure 24. The solutitet for the green channel then isto

pertormimage r eCWQ&kEIHGrHs% cSHitGhiof & P WithioftBe c5|tldafbah@1ttﬁetrﬁ£lersm%a ough

or net shoul d be HiAPERed? bepieh v Fhodieahe, 5 8%t I el ﬁeeﬂtr%i “e% e

sanpl i ng rate forpuypesvisth epprderietel¥. hi ghest frequency in the signal is
different to the relationship for the red and blue planes. In addition, the
kernel should be $REFWRCYSLES so that the ~I 2 di stance between sanpl es
becones 1 as far as kernel coordinates go (the unnornalized distances

bet ween resa@¥dl i rRyehoatfivdlenat es nust st II be used to determ ne whet her
aliasing® |1 occur however). Therefore gur re two transf or mat i ons:
The first is to nﬁ'ﬁpﬂﬂt“%?a‘teéﬂ‘afﬁﬂr°§%‘&'ld€"‘iyrﬂs@y phegautpripp Rmagalive TOPRU® can be

acconpl i shedhalBe fir5t saulibt ofishe/pringd Bmivbrapiy fas azonsistont dot divdAhe equiiremmparatre
rotating by nfist be SiEf1RRR ptifiAG dry dots. ThiB & accomplisibl 2k a prehéiecy@iecond is to scale the
coordinates to match the normalized kernel, which can be acconplished by
mul tiplyi ng each Uiethrenasteydminvbivésladingld hetl €ydlano all naaresfwith hed.¢. sstingaibmdaziese t o

create a muld jgy bk et%f:trrart g phlsés to%asﬁaﬂenfnmuram dﬁ@teaﬂr\é@%@t e
unrotated CFA s dec ease by

e
k2 in 15 kéf}’r‘fEﬂ%"SP "’Sf“ﬁ%;mat Py Jfonoygh ‘Wé“b‘t!?\}'}fy e 'E?F‘“ '%‘“Eg Rl °P‘€'e{‘§? %y ki 2
in kernelo x agtehuredcoyeling thraygh ik the same shauense bs astaritere Pt Cyde onshi ps bet ween
these different coordinate systens can be illustrated by considering what
occurs as we geneFepdeack dyring, the Freheab mpders praddsd By F??ﬁ”p?’i?@%““‘?ﬁ%’ﬂ‘l‘ S0WHEIAMs hace
| nput | mMage. tenfperatdi® ISresdhad (abduf30y C @bate Bvatient)i The GhrAtion ofibd Pretpacende Weardoaxy$on  at
x=0, and ad%f&g&,m}@ﬁﬁdkdmn%rﬂldfﬁﬁsmog.ener ating a new pixel at each new
| ocati on. The novenent 1 n unrotated CFA space by |linps can be deconposed

Into a novenent i PreKeaﬁBﬁarfbrrﬁBa\b&Bfaﬂﬁchipfhthimrsla&is&hbﬁﬁe&ﬁiﬁtesmﬁrﬁtancxm ity 0cess
is 20 shown ind5 = 11A2, novenent in unrotated
CFA space by IIWh*qu‘Hg&ﬂg?ata§r%%"e%qftﬁ?r%"\?tgfrent in x and y by 11(nps~l2). This
anobunt mgst Jnaw bg, tﬁ\?fﬁl to match the normalized kernel. The scaling
equates to anot her t pII ication by 11A2. Consequently, a novenent of |

i nps i n unrot at edin’gger t&&dM&%@Q@&eN\Q &yre%%.ﬁngew QQlehldy dcle 3HAA Space
equates to a ?,l akengeq re each rln cl;hrrl\ozkz slrl)g fire ﬁ%e qqugsl Ir%ty an a;gﬁbm gl ‘Efé'ngel sts

the rel ati ong Ween hree coordi nate sy s rent

formats:. Table 1i,q éﬁaﬁaﬁdtcyat ﬁtme&er.rraralto;a cyab W nszgss t.mg@e Fetingah SozRes
Unr ot at edRot a

edCFA ce OKe
Fee or 15 oy B e SRBSSY e ayces aseh o dte BE9ts S0 TERRLIB TP BP0 051 10
50. 781Panor drinasRquBsoe®. a8 @ BERnIERbRy |"€I.@5’7th!1Pmll'm°T ¢ times|that pechd0zziR 22 (5. g Heread ¢ 11
shows thg rpyRRER compostier 418 the SREEAR the Brirddr WakybBerile, as W BRREat l@SRadidgayclel, but

in rotated assport image has a 0 value of greater than
ﬂééosa?rﬁrﬁ &n prigtal %nﬁ?.icg

1. As ares asli ng occur for the Passport print format, but

not for any £ thpleMmTEdﬁ%@gﬂm,‘gl ven that the a Is al nost 1, and t hat
each of the 4 images is only 1/4 size, aliasing will not be noticeabl e,

especi al |y since Waingé3sheRprinfleadl2 haHMe BiRwmg Ednhdctdnkng on the green during
i mge capture. 3.2.5.3 Reconstruction Filter for Red, Blue and G een The
exact reconstructi on Taple#eour-pchRrintheediCopngdtionkepend on a nunber of | ssues.

There is al ays trade o f#Pnet rveen t he nunber Dg; ,i@tm)l es used in
const rucg ng At—h&ﬂ-%-ua', S gha o_tine_taken tor 45-signal
reconst r gt i GHOMEReASTReh | i 19 af | H 2 wihich ghromagod

trade-of f i NorgeSeleshise | s|% pi xbPeleshwhish aezzip fremine Red Wil f58€) on bei ng
reconstructed, centered around the estimated position X i.e. X-2, X1, X
X+1, X+2. Due to the nature of reconstructing with 5 sanple points, we only
require 4 coefficients for the entry in the convolution kernel. W create a
kernel coefficient |ookup table with n entries for each col or conponent.
Each entry has 4 coefficients. As we advance in output space, we map the
changes I n output space to changes in Input space and kernel space. The
nost srgnlflcant blts of t he fractlonal conponent |n the 20 current kernel

______ .. Y Y o b v




15 MAR 2004 WD 01/20S48 PCT/ AU0O0/ 01074 -31 Sharpeni ng should instead be

applied to the | um nance channel
saturation of a given pixel

Wi |

so that the hue and

I nv1o~rl

of an | mage,

| be unchanged. Sharpening then,

YR 2004

the translation of an RG Inmage Into a col or space where the |um nance is
separated fromthe remai nder of the color information (such as HLS or
80. The | unwoanmssschannel

proportion of the high-pass-filtered 5 version of the |um nance).

81 can then be sharpened 82 (poyaaahierg i n a

Fi n

Lab)

al ly,

the entire image shoul d be converted back to RGB 83 (or to CMY since we are

going to pri

nt out

In CMY). The process is shown in Figure 26. However we

can avoid nmuch of the color conversion steps If we consider the effect of

addi ng a hi gh-passed-filtered L back inteo the i nage - the effect

is a

change in the |um nanm,pfpoﬁrhechlmge,dd},ns&wage In the | um nance of a g| ven

pi xel can be—wett=approxmmatedby anm equatciange i iinear R G angd B.
Therefore we_si nepegener|a#®ns | hi gh- pass-filtBesefiptioand apply a propprtion
of the resul PodgqupEinkbje t 0 (R G |dineble3he da@argups todirel(ct@isaofcd ™ 10REB t o L 80 W
consi der theaédeble 1976 L*g*0b* cqlRiring pyis@de@ phaskgesup AL 1S perceptual Iy unj form
To convert {BEELESE 10 L [({Ne T[CFifinG pikeor GREGYGH B WE aver age the m ni frum and
maxi mum of  Repfangd B S| § O T OVEan o to Vet relisterts segmbite -7 B) 2| 15
She Pubi o uDRRRgTLC T 1 I il BT mebdrleihin Rasle W sdaltGfls 7 2PPT O 1O
than CFA re$dPERIBA <pacel 8t he afeyqxvlpwttmmﬂw 99 RSB can he Lcal ed
up or the hil §RClpAss resul[t? can mp@eam%@'@g“@m "g)'”f’pﬁ% ’a'?f’a"arrount of
sharpening W ll depend on the QF g AL%LINode Wh11 be
sufficient te—produce—gogdresy i A ze of
the kernel, |TEBY® 12 shows' the |gf ggﬁ'\? ’t ( t,gg; '%Qﬁsuﬁtg"%" r["a x 3
convol uti onH=h (‘g':f‘ spaee—Tas—ap S0 & on et [ he
green chann¢PRE PR basi|s’ f or bs&ftee&eegfﬁgm j’—'rr'aaﬁ" a"Tle ifis

cl ear that aafT7xT S+-zed ke.1.cl e e ehae Fre et i wlll
be adequt e | £5F° ing. ' e 9 ‘ | on
Filter For 1 1n M@HagPé@s?wam Qnm‘pQrandard 301283 B43x3
or 5x5Passp@Reengel0. 641. 92nbne, |OResis¥iBmmanor ani ¢ 332. 567. 687x| Thunbnhi |
320. 852. 55npmeenser 3x3 (115 MARVEOO&ns&\D 01/ 20548 PCT/ AUO0/ 01074 - 3P If a
3 x 3 filten&feomer e appljed on| tobegw®d-res | mage, the result wll bg

scal ed 86 a¢g¢gyicHWRI (O thjes scal BLobidpdwef USEd Th The general Tnage Schl e
oper ati on. (i'gverr—l"rmrm‘ulrelélb T Nc&HdoF‘Gr&ﬁd\ pdr[lCUI arl y [ne St anuaru rint
fOI’ITBt) we [ cafi—4dSe—& 3 X vard 1| [t re-thefr——scate—the—resttts—e
process of pl%dw‘! ng—a e -e—Hi rcfuai i3 w?f picet—-s—shewr—+n—FHgure—2+ The
actual ke nel™lffed can be ne of a set of standard hi ghpass filter
kernel s. A basic htemat tostmt4-isdhatittosay, dacigsepmes hés the ©lowing cerimestionsi to) thie s

i npl enent atiQg. of the PCP in Figure 50. 3.2.8.3 Add Filtered L to R& The
next thing to do is to add sone proportion of the resultant high pass
filtered | um nance vdable8§. Foacikch Ryinthegd IhtemelSeguentCheneatidns The | nage can t hen

be converted back to (lor Instead, a change In

| umi nance can RN&™fecag =, and B
(as long as g@:‘&‘m’br 3spac§°|°§wp?%‘e‘éﬂ”?p°d(§5r§'?é&'ﬁ)entIy we can av0| d the col or
conver si ons adding dal—p 5
filteredy uniNaEEEeY e | poleet W chrgxﬁ%e ; "'ﬁ"’é%)m pr npnrtl an of | t he

hi gh- pass- f i| IPedorateEnt r@ge  d Eertherergrenpeltoite (fhelamad Bf 10a1'dcal e factor. [f L is
the high-pas€®®jltered | udinance pixel  and k 1s the constant scale factor,
we can definéEpahie t r adsf or|fine exiseds PreprgreAi ng R G and B as follows: R =
R+tkL G = G|BEhdble( | i mit ed |tFsin@BlseduptiwpegBup-B+klL 15 OF course, the scale
factor appl i|@dattie L ¢an bd ayanibpubte dyanstiifftregiéi@ scal e factor in the highpass
filter procemaamee $ACTT AMMagenta iRpufth mhgdhtadniftepitbe Scal e Tactor. Once|the
shar peni ng '%atgﬁen JRPt a,eﬁdg,,,quﬁoig,@mﬂ)pg‘dste,t he Tmage can be COonve( ted to
O 83 1N OffGRERLo D {PT T eE o srcks E@blsm' Kidacd o Efint ek om
theoretigal terms, the COﬂVcﬁfa{%InOMD tél alh fAto M%dhﬁtre%isféﬁ. y: C="1-RM=
1- G Y= t-B However—ttims conversrom assunes that—the CW—space tas a 11 near
response) which is definitely not true of pignented inks, and only
partially true for dye-based inks. The individual color 25



profile of a particular device (input and output) can vary considerably.
Consequently, to allow for 15 MAR 2004 WO 01/20$48 PCT/ AUOO/OlO?ﬁ M 0
-33accurate conversion, as well as to allow for future sensors, é A§r?8"
printers, a nore accurate nodel is required for Printcam The
transformations required are shown in Figure 28. Lab |Is chosen because it
is perceptugbbiosdgi form (unlike XYZ). Wth regards to tpogacsypeag fromthe
i mge sensor gamut to the printer ganut, the printer ganut is typically
contai ned wholly within the sensor ganut. 5 Rather than performthese
transformati ons exhaustively, excellent results can be obtained via a
tri-linear conversion based on 3 sets of 3D | ookup tables. The | ookup

tabl es contain the resultant transformaii-ons for the specific entry as

i ndexed by RGB. Thr eqq)2blres-ifdh®rinfhid 1htéial S3fHRert BbiractRAs TBPPi Ng RGB to C,
one table 9% ..upp: 6 RGB—o—M att—ene—tabte—92 TapPTr119 REBto—Y-
Tri-linear |nt¥apelal#Bins¢an be used to gi vdesdniptign nal result for thpse
entries not [Pradsieled] 1 n t heakikhtaaster of dua flpma@asit registes itwintemnal Fi gur e 2P.
Tri-linear |nterpol afji on 1 &gzzleFuablepitscnierpgr ®zaexl ues from t he | ookup tpbl e,
and per f or m BensdSegO | 1 near AlpokednSahsdbégsalect ANDadiwith lata dri Cxtalnchele@istbe on, | 2 i N
t he second, | 8elett 1 i n|t he tlsensellnes fof tyhsegmerdi si on can be used for the
i nt er medi at ¢Taeadeues, | al t hgughpetduse saugeput val ue is only 8 bits. The s|ze of
t he | ookd@p &hnés requhred VeREsEkRseON The Tinearity of the transfor mat i on.
The recome nﬂgg,nlsesu ZE fror @g'gshg@igg,gel m s appncatlbn s 17 X I7 Xj 171,
wi th each e‘*:“su UII?. A Wik serde t7tabtet+s49iSDbytes—(tess—than 5KB).
To index i nle—the Der t+abl-es—t+he—8—bi+—nput—eel-er—eorponent s
are treated EQQ'CWQH d-pai L?ﬁ"’ﬂﬁ?‘l’%nrc {4:4) The 4 bits of lntegergjve the
I ndex, end {h®SPYWR ¢1of f90AMY are used for interpalation 32 8 |1p

| nt er pol at e| 87 The ngdl um|rAetdder@ruph (1280 wi de) CMY inmmge nust now pe

up- I nterpol aved to thetfi naktugeriPaverr esol uti on (6400 wide). The ratiojis
exactly 1:5 wOTAOTN (TBSENSi(631B seghdnBEL5aMfol dil séginente)r t al nl'y possible to
bi-linearly inter values (1:5 in both X and Y 20 di nensi ons),

ol ate the 25
the resultark val @&Gchﬁﬁﬁ'Nﬁ&HA\W%t ed contone. The results will be

dithered and printed bji level. G ven ntone 1600 j. results wll
be turned into di {PRAVIGUPConsNare d&?ﬁ%‘y ﬁhtge '3@8%&5%9"681‘“’88“7 'lgc%ef&'}‘&mg"ty

| nt er pol at i othaf of 0wpBREFH fmagexto 2 8Bty dpdutpul Arint fermets. rcfask thergydre a pyrher ofsigtsum
resol ution WasveaEray dhGhagh b the Giage EHas QiR prodticii@h hiftequaitg GlitguDptint W kan

therefore p (r)d ehn%}qg\g prrcﬁ:?éé Inttostw%irg proda‘%ﬁ EQ,%Q edch thén bﬁ?(Of%ﬁZ@t abl e wi |l

gi ve excellenet‘al to get 0 a9x9x9
conver si on teabl e ("PE@CW%%’F'" The exact size can 6e det ermi ned by

simul ati@. eThe SKritorger vati ve-but-definite-results approach was chosen
for the purposes of this docunent. 15 MAR 2004 WO 0l /20548 PCT/ AU0O0O/ 01074
- 34PI xel repli cat iTorimggeraptyre Chainis vangerned hitmepptaringithedrhage fionx e ImagmSensasandy it as
the val ue f Qforidy it naéag,e&uhﬁrt&apnnuh tTRé Prift @R is OhckrRgal viith ®kiRg the SloRdlifagPbae! t o

25 I h | t
appgi';l?eblsog%ﬂgm?)'t ﬁhese Rvo cﬁ"ﬁ'm orﬂo{ﬂ Qés)r%"m%ﬁﬁm{c%?g?her eéo “;st ﬁer :fs 1l‘J ect n1la3s/ t hat

the 25 resul%ant BPHGE'?/@F kregesCapireChalp follawed byffiridi@inv al ue. The process is
shown in Figure 3@epridt2ridt dfaift one 88 5 The printhead 2 Is only capabl e of
printing dots in a bl-level fashion. W nust therefore convert fromthe
contone £W to a brtekenpiaca Gebindypen e thulbral imepeTakesRral)layd if happyit thecsult,

di sper sed dcyﬂmgg\;j@rsegdmgga@; Réginf)d a~stochastic dither cell, converlling a
contone CMY image into a di t11er ed bi-level CW Inmage. The 8-bit 1600 dpi
contone val ue i s aaEpapecdesdibdshaa irplonieataton idedehdettiimage ptdaessitly tHamnhatmbdts 93. | f

the 80-bit J‘ci\{glme L@Lrﬁ%ts o?Pch%ﬁtA‘?{hlstsQ?é wB Qr% ng!'cm}fasnnﬁ Qiéctly%@iv%pg%sl%t put

LD

bit of 1 1s an ou :I(B) iﬂﬁgenera E}J

out put bit \Aﬂ&%m@\?%ﬁ‘ttﬁl@F pinapguare vt rather fam‘tﬁ ?"n‘Pﬁ% eS8 ECoBhPYEbPe WEPRE si ngl e
nozzl e to protleyakusinigkibin@e ABP. or Y dot. The bit represents whether or
not a particular nozzle will fire for a given color and Positi on. The sane
posi tion 4 n the diResasfiess efithe REB irppigmeptationiame e numbengf cogf@ny:  This i s because
t he actual psint haaginpit ipagdsiaerA Hake cohton|RGRIMckgY. dots for different Ifnes in
the sanme print cycle. The staggering of the different col ored dots
effectively gives us staggering in the dither cell. The half toning process
can be seen In Figure 31. 15 The size of the dither cell 93 depends on the
resol ution of the output dots. Since we are producing 1600 dpi dots, the
cell size should be larger than 32 x 32. In addition, to allow the dot
processing order to nmatch the printhead segnents, the size of the dither
cell should ideally divide evenly Into 800 (since there are 800 dots in
each segrrent of t he pr| nt head) A dither cell size of 50 X 50 |s | ar ge

D N 1 N L I 1 o,
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be collected, and sent off In groups of 24. The process Is shown In Figure
32. 1 5 MAR 2004 WD 01/20548 PCT/ AUO0/ 01074 -35 The 24 bit groupécgeﬁﬁ3A !
then be sent to the printhead 2 by the Menjet Interface 15. 4 CPU NE)
MEMORY 4.1 CPU Cone 10 The PCP 3 incorporates a sinple mcro-controller CPU
core 10 to synchronize the inmage 5 capture and printing | mge processing
chai ns and @ opgkdsor m Pri ntcam s general operating systremadoioies i ncl udi ng
the user-Interface. A wide variety of CPU cores are suitable: it can be any
processor core with sufficient processing power to performthe required

cal cul ations and control functions fast enough to nmet consuner
expectations. Since all of the Inage processing is perfornmed by dedicated
har dwar e, the CPU does not have to proetss pixels. As a result, the CPU can

be ext :je”e' ¥ Si MPf-ou Vﬁéﬁ%ﬁs forta l\ﬁ@l\ﬁ&prbﬁeicﬁ@lleﬁl%ﬂ@h%d&%ﬁlﬂrﬁ&ﬂheolftsﬁﬁper
notor during a pr t he ste urLres a process n
?ﬂqﬁ vraés tg%? m%og ut W@h?{ mchgtgxg

exanple of a 10 s I'pS 1 m cro-control l er running at
about 1 MHz, her 0 maintain Instruction set continuity
bet ween di flag‘r entse"lB '?#?5' GF%"E% Different PCP chip designs may be

fabricated by di f4@rspls m% Q%lwa’ §tput\%rj§t|ﬂ>%gts Eseg\U\lernﬁgoIJ@lrJ 4IRS e  POT
the CPU core, This device In endenc %é‘@’ | @y% {Lckln such
as has occuMdtPf ihpimages binches f '?P@P'"W? Pf'“?hﬁ?déﬂ' th d?ﬁ %ﬁg &8 R hEeEPU cor e

is a Program RO\/I 13 %QﬂoEsEHFJnLd maggf@m&cr atch RAM 14. 15 The CPU 10

conmuni cat es—w Hh-—Hhe—PeP—3—va Il;..u.y rrapped |/ O

Particul ar address ranges m to antbut(auloar Outpusresalutidn\nil t hi N each range,
to particul arFaBgjiName, J‘\Rﬂ‘_’hﬁ;ﬁ'_‘l bt netes), ar (@4 1§0p deilry); tatipR o d theg

serial and p8leedatddP | n{ &Bf aces. K4"'28PRO ' sRAPRA43 A sidPI Progrnam Fl ash
ROM 13 |s i heaspansat ed| BAt o t he PCRE3. The [R3W0 s960@¢ depend® on t he CPU

chosen, but | phetait 380t [ Be nore t har 126- 32K8). 6420x 10260 P RAM 14
Li kewi se, a FhURIohail 38T 21 8 g8 RAM ar e« 3471 S | ncawpossyed 1nto the PCP 3. Since
t he programTtodedues ot ttave to mani putate fmages, there 1s no need for a

| arge sclat ch ar efne iR sBRM dobszrit I8 bikhtalidh infdkRatiol’ il HP@ Feiges £e Eiptuel 8CK

mechani sns, ,subrout i ne j i i t

Shout d not . 18 H6F il (oc Bl SRENEDERAB e ol o8 yheob G B Qo il ,
CPU MEMORY MBERGTGPWM%GPG&W CFAdmagpenda5Hys pHapRsgprinyfgmpts. Notes i ) e
decoder for tmabitnsiighi the) intdgh) ixdstioan atataeisiedngredd entitdixckundber the lirpags |can be rajaldda

addr esses | QulsBbainflabaicd’ r€gi ster accesses over the internal |ow speed
bus, and therefore allows for nmenory mapped 11O of PCP registers. 55
COVMUNI CATI @ | NTinREAERSuRe ¢nAdbB SERI AL PORT | NTERFACE 17 This is a
standard USB serial port, connected to the internal chip | ow speed bus 18.
The USB weri al porrie imageCdpturedtHamds faypohdibts faiRtbkinhlan intége from rthedlmageBehsonbhdows t he

transfer of stonpggﬁgcamv.amhef Britdhdh. e RiabdE4pRRa cmdnﬁlbés%mPE@Fpré&ﬂs tad Print

Order For mat rinti’n rre ot 0S rol,, 10 52
QA CH P SR PR it oste g 164 BRer GRaSre b Saleei RHAR 13, £ o)
connect ed t ovith hbsdapenbsegiions ¢eidiling hewbsprerstentfus 18. The CPU- nedi at ed protocol
between the two is used to authenticate the print roll [1,2] and for the
fol | owi ng f#fek i olmageSemserifi re | nk characteristics Acquire the recomended
drop volume Track the anmount of er printed and request new print roll
when there is insdfg iRyt image EPSB%@”[;@PT"BQWP‘HH%%WF’% '8 8BS SRYSoF St .

The reasg fegeiatiawenglyt caosidso e Bayes coley fiserranex (CRAD The tBayer IGEA Bas & anwmlren ©QA Chi p
4 and to thewyuleDivhitHdrd definddideChi p 5 usi ng separate lines. The two QA chips
are inplenmented as Authentication Chips [2]. If only a single line Is used,
a clone print rol thenmagd eptuted ey the CMOd serssar 1 (vialectaldngt dne)it essarhedotn haweddeemi sm

[1]. 5.2.1 Ps{.wénumued So &2 fefoR any aanE%taacermtse,{sw nlsempgfum @u&&etzal ns

its own 4A chi

mai nt ai ni ng “('tﬂé 'ﬁ@'gtfmr%ésgpBpéﬁﬁ?mﬂfsahﬁé"ﬁs{]@gy g’?fha"aggﬁm e \Br% ?ygﬁm{%?uﬁrg an
Aut hent i cat iaay (em\)p\[nm]eacffmépl%mocbP'ragge@ﬁnm%ﬁvaosalﬁes $PYHe 'ﬂ@W%s fol | ows:
Table i3. Print roll's 25B bits {16 M n] AccessDescri pti onORCaBasi ¢ Header,
Flags etgg (16 bits) 251ROSerial number (16 bits)2ROBatch nunber {16 bits)

7




15 MAR Z004 WD 01/20548 -37Table 13. Print roll's.25t3 bits (16 5

PCT/ AU0O0O/ 01074 M n] AccessDescri pti on3pCoPaper renmaining in mi 6 15 MAR 2004
bits)4ROCyan I nk properties (32 bits)5RO6ROVAgenta i nk properties (32
bits)7 ~ROBROYel | ow i nk properties (32 bits)9R0OL0-12ROFor future expansion
= 0 (48 bits)13-15RCRandom bits, different in each chip (48 bits) a. Read
Only b. DecggigpikisOnly 10 Before each print, the anmuntecofavpapes renai ni ng
is checked by the CPU to ensure that there is enough for the currently
specified print format. After each print has started, the anmount of paper
remai ni ng nust be decrenented in the print roll's QA chip by the CPU. 5.3
PARALLEL | NTERFACE 6 The parallel interface 6 connects the PCP 3 to

i ndi vidual static electrical signals. Ttee CPU is able to control each of

Zhisfe COHHECt :jotnsea%ﬁ cémdﬁvsaynpmpﬁe@l obé%owb@oﬁdhetd re\gfeBr ARt mbﬁ'espés‘ﬁ@@y) gection
or e

5T
connect i o n s Htst Waf’ée tBaéP%ﬂ’ P'é?' of t%t"bf’? ‘%@c@g a'"sfqéma& fz?bo%%(’)'ﬁr? é% ?gﬁ\é@ E"artg'l | el
I nterface 26fti@omissingichlerirminnation ineshim mesiPRgeP the impESER0 Pe Proted Bier

not or Qut 4Gui | | oti ne not or Qut 1Focus Mbt or Qut 1Ca n ol i dQut 1Fl ash
(oo TR

tri gger Qut 1St at usThe@EPAscgradared 19Pprpap adeqaiadied Ag PeEler sQut 4Paper
pul | sensorlnlButtonsln4d TOTAL ~ 24 25 15 MAR 2004 WO 01/ 20548

PCT/ AU00/ 0181# - 3dnegrize RGBAR | NTERFACE T A standard JTAG (Joint Test Actlon
G oup) | At enface 7hei|madersedsudleals unltkely ltehalRCP c@npfetely libeas teprogsepThersfosetbe 10hite t o

t h& gorml Ej( iStTy( gf S8 s‘anﬁ)féb Rom ﬁ\e ¥ #n@si be cQ]E\sIJe%El td uag.omséwh&é%n We& sarﬁaéAal red,
i nQudi ng ui unct i n
over head of 10% i ff® H?HSG“’EP‘Q?& o E"eﬁssg'ﬂﬂ%sd’yf“ 3?"886%"%% t%)blesﬁ?neltat% i nlgpm rcuitry.

5 6 | MAGE RAM 11 a 42.
The Image RAM i s ;Q?E"‘tfkmecw 2)l"h ﬁgrs'ta’ggrﬁta@de@t LIQ&EWE@ $(élgﬁ%%dmr@ig‘ge IS

o}
retained af & Ttha ei5duer nde Grd R tTthsf“ Ripiely 'E‘fﬂpéﬂd '?iﬁ{ﬁ ‘E"”BQ"’W
requi red f orarhédne Tie moressiiszsban in Figuee 16RE8 tatatergaynt osmamaRequbdiortggehdapkup table

(appr oxi ”atgézy «B:bRs, "r’ﬁ’é:al@&khﬁtﬂ%%%refo rla%w&atotal%mﬁﬁoé«ﬁ@@bﬁ%ﬁ 000 bytes 10
B: 750 x1050 375,000 bytes G 750 x 00 =750, 000 bytes The inmage is

witten by the | NnBGntewdsde Unit, and read by both the | nmage Hi stogram
Unit 8 and the Print Generator Unit -99. The CPU 10 does not have direct
random access to iy gixels 6Rgted FBATE CFA hdve thsiséolofglsnesisteddadad lduetg the patwre bfshevi a t he

| mage Acces %aﬁﬁ "nro?alc of Pi C%Y &ARE% WIOI e‘Ja% hgnéor;m ﬁnels rBRG fed gﬁatl%lﬁwmyta
contains all unctl ona

Oy reduited BY the lmde GIRLULE Chau, s
descri bed i fregReiq gig ten by a"?ﬁ@"?“r?ﬁ‘@'e"’@ﬁﬂ?’ﬁ & TJr‘?la?es§ niere EY” P Vi a the
| mage Sensorsoheimeiné aveesY@y sybteme: an intedeaved farnRGIS hithly usefil aHeweves dik hp Priciesme 96)

and finally jchdsR$syblaf, thd diRARhZRSmEEBHdiFAORrMglon blenaRABB.i N pl anar format.
The procgss is shown in Figure 33. T.1 (MAC E SENSOR | NTERFACE 98 The | nage

Sensor Interface Q@lpBhgriz&imags iscons thatthes aac kepareted Inmtits md@ntmhltsr lothe cas of mat i on
t OI the 20 FlA{Wq’ma%G rlﬁe‘PJ Qre 3 .Qﬁéré{dirﬁaﬁhsf d’nam §66Fil§ln| nﬁﬁﬁ‘a rétf ke ok€imagd OCK

pul ses in order to re

sour ced cel 117 %"Héheq‘f'rﬁ Bel, 5'?1"%(9? "??ﬁﬁﬁﬂ"%@{"ﬂ PeY’ gy e qrﬁ pl'xglf m%h’ytha? gacpﬁ af
control | ed toply teln@sanmrgmx@amnarf@lownwh wee aetiallx aaERied dlo grpampjinggs perfprpad@INRg ng or
For mat Al t hasphnarizing plo&isy. AS  resuItRIgER, TR HTR @ planey ate @Y @pisterdd @ilh eagh othat, ynddionsi der

t he Bayer c 1" iguzer  of
attributes %}’?‘E:"ﬁ 'éa“k’%ﬂ e "hﬁ'g'r%:a” 55;13% e@g,yeel\%rmg;;gggaﬁv\b@%l/ 20548

PCT/ AUOOédJ 1074 . The actual process is quite simple - depending on the colar 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 exactly half the resolution in each dimension. The red and blue images are therefore
750 x 500 pixels each, with the red image implicitly offset from the blue image by one pixel in CFA

space (1500 x 1000) in both the x and y dimensions.
25



-39The i mage captured by the CMOS sensor (via a taking lens) is assuned to
have been sufficiently filtered so as to renove any ali asing artifaf:iﬁ g@g
sensor itself has an aspect ratio of 3:2, with a resolution of 1500 ‘_QL%
sanpl es. The nost |ikely pixel arrangenment is the Bayer color filter array
(CFA), with each 2 x 2 pixel block arranged in a 2G npsaic as shown in

Fi gure 15: Jggeinosgnt one sanple of R) G or B (correspopdiragedoderied, green,
and bl ue respectively) is 5 10-bits. Note that each pixel of the nosaic
contains information about only one of R G or B. Estimates of the m ssing
color Information nmust be made before the inage can be printed out. The CFA
is considered to perform sone anount of fixed pattern noise (FPN)

suppressi on. Additional FPN suppressionoyay required. 7.2 Lookup TABLE 98

The | ookup table Afcigh the gReNbIERDMEGGIE isHaIf SF@RSRS ofthedrfind OF Rimbge) @@ hot/seB. | t

mat ches the 10 Lineariz rLocess 4 scribed in i L2

such, the Rﬁ]\lllafgr %mﬂr@égﬁe ged fb@% géangsbﬁ.ﬁes%.aso?% %’f’ttostﬁg(;?rF e%%@?%égay%%ﬂﬁsf rom
the |Sl, whpteen Ppenefingihq greesfs eyerypdd el AR ortheneyidnihegrean isfyery pien pixphdusCapt ur e
Unit's St at eltdvamiine3ef tBe’green plandrefsdsdritoddvidieleNinlx8s withinahd CRAgreageTpus thegrédni t ' S
State Machi Benad fag8R95RE fdo picd T4 het hdRbtRnd 10 thd BEmbiRPFocess RePiRebdrpR! f aCE

1, and generates addresses tor linearizing the RG EO and for planarizing

t he imag% a5t g R 24k0loMhe control signals sent to the 1S 98 Informthe ISl
to start °capturin i xel s, stop capturing pixels etc. The 2-bit address
sent to thegﬂﬂoktﬁ"g%mw"% mat ches the current line being read fromthe

ISI. F i t ot - Di i Red,
G een g'[ c?vggr :)3%‘8‘1’ %%dérsp %r ?Lé t%)&ﬁ'zeetdcé}ﬂ%; h%?%lelst ‘%'?‘g’?[ﬁ'g"ﬁ‘&”e%’?‘ﬁ’ gragsg)e ?' BFue,
Green, Bl ueTherpamony sgoyd heElash 80 dratibaimage i rtaingg afterihepoyves hagheer it o anera. 20

The 21-bit add t t he | 11 | h ' d th
Ingge. Tlhrezl r(ragis@}ezq?%a'ﬂ%ul%ﬂ’tfP‘ﬁ?%&'ﬁgﬁﬁ%ﬁ’hﬂé@%&'Pg?wégi"%gg‘?q‘%ﬁuzo%? ége,rs grgen,
and bl ue pl énereximapginl.GMBrarargedasfellewsnent as pixels are witten to each

pl ane. 25 <15 NAR 7809%00\46y50bo B@k48 PCT/ AUOO/ 01074 -40 7.3.1 Registers The
| mage Caifture Unit ntai_| nber of registers: Table 15. Registers in
| mrage Capture Uni % 7?’1%@1_@%!@()@ "t sDescr i pti onMaxPi xel s12Nunber of pi xels
each r owivax Rows 128786 e 1008F78080&byees pi xel s I n i mageCurr ent Pi xel 12Pi xel
currently being fetchedCurrent Rowl2Row currently bei ng processedNext R21The
address in Brfage MMMGHINst ore the next Red pixel. Set to start address of
red plane before inage capture. After inmage capture, this register wll
point to the byt'eT’?ﬁ%@r‘:h?'hE°?"€ﬂ"‘i9lwé{'f‘|@'."'l\?ea}?teéﬁ'_"Lg mppRfroTHRAMeE S A AintRgboRAM t 0
store the neMemft wmieter AR inage Bdypicalip printed @ sead ey ibkas bedn cgptered alfbuph @ céredisor e

i mage capt Uhgrepiitdd@le. WitRB@Rcapad)Ur €, this register wlll point to the byte
alter thw green pl ane. Next B21The address in Inmage RAMto store the next

Bl ue pi'xel. Set t Thesetaped numtietoeseaps ahuiled I ¢herhagn eroEssimyrobain Imager temgucardgh Af t er

i mage capt UlyQaiity bitteSromRiHathtired hdghs. Bialra s fitrdtbiandBrhectah! Bk clah8s dhidd&into
pl ane. EvenEyen2A

ddress t for .even rows / eve i xel sEven 2 ress to
Cse For  evort WPaE <o ShedBy ecis pegiel Dastionute 5o o Bheins eE i b oo
pi xel sOddOd de/Agepne dssan Bteprpdiatp sesolytior 5 dies of 1280) continuekss tapel pirels).j arg the fpalher e
starts the capitioh 8 the\Wintérirgsgiutidn 62, vt ResSdf 6408 bitiével do®Rge capture. A O is
witten here automatically by the state machi ne after MaxRows of MaxPi xel s
have ben captaur ednpdtmageldi tion, the | mage Sensor Interface 98 contains a
nunber ofp registers. The exact registers wlll depend on the |Inmage Sensor 1
chosen. 8 | VAGE AUGH®S ikdeTs )ingdneed RGBrimape 42steredsin plejrdr fornd) apsterediydhs Imége neans
for the CPUchSlurk ChattdeedibedihiSectiondga. i N | mageRAM 11. The CPU 10 can read
pi xels fromthe imge in ImageRAM 11 and wite pixels back. 20 Pixels could
be read for sf2l2e pedtkeSatigies Bage storage (e.g. via the USB) 17, or for
simpl e i mage processing. Pixels could be witten to | nageRAM 11 after the
i mage processi ng, Aagmtar ¢iselisticsuadading the eatird inagpareéd to belgathered befl®Bpcesses lilemages

for test patyhfytliaiidaRPRRmR expbRsidn cBRid ffdimed Phekélstittics ¥l fb8d obe balReeRDnce
specific te zzle tiring

; | .oaded he USB d be 24-hi
vhlues tg oo ol PREapen i ooy fo oAt el P i BRE B 1 e
Print Gener &ugplangnimggesg, 25



15 MAR 2004 WD 01/20S48 PCTI AUO0/ 01074 -41 The I mage Access Unit 9 is a
straightforward access nechanismto | nageRAM 11, and operates quite si rrpla/
internms of 3 registers as shown In Tabie 16. Table 18. | AU Regi st g8 2004
NaneBl t sDescri pti onl nageAddr ess21Address to read or wite in | nageRAMVbde30
= Read from | mageAddress into Value. 1 = Wite Value to

| mrageAddr eswo Valose8Val ue stored at | mageAddress (if Megeraubaas) Val ue to
store at InageAddress (if Mbde = Wite) The structure of the |Inmage Access
Unit Is very sinple, as shown in Figure 35. The State Machine 101 sinply
perfornms the read/wite fromto | mageRAM 11 whenever the CPU 10 wites to
the Mode register. 10 9 | MAGE H STOGRAM UNIT 8 The | mage Hi stogram Unit
(I1HU) 8 is designed to generate histograns of inages as required by the
Print | nmage3RRacasini Rgtoghai N described in Section 3.2.2. The I HU only
generates histograns for planar format I mages with sanples of 8 bits each.
The | mage Hi st ogr Enefitsnstdp isSo busid & Mgbgeam foryeathsst vaily & Be tdldrPrRaneDEdch MS0b Riooo Thr ee

di fferent hbﬁAﬂgé‘%ﬁt AL S1o@fd-hered, one per color plane. Each tine a
hi stogram | s gat erea tthe results are analyzed In order 15 to determ ne

the | ow and®hi gh VAPELALPIRS (MaASbi qopnter s80VSA etc. for use in the remai nder
of the prind proc¥sso0 Hrerixam(nén 19itosunat requitedd)n how t he hi st ogram shoul d be

used, see SgCti 0Mys3 odo feeh SIS mPEH bl 9.1 H STOGRAM RAM 102 The
hi st ogr afhitself is st%? eaﬁ‘?n( ae@%é%rﬁ%rgqué%&ﬂ 102, each entry being 20

bits. The hi st ograidielBAM single@5d Y20 818 Bshubda@Rom thdtistbglahe | HU. | ndi vi dual
entries are read fromand witten to as 20 20-bit quantities. 9.2 STATE
MACHI NE AND REG SiHeRtoc#€sGof baiiniirat restdykaihic 3eaighiciwirg,| dsamstratdachyRpefafbgde
described i PeeieddeON 3.2.2.1. It is controlled by the registers shown in
Table 17. Tabls 1T. Registers in |Inmage Hi stogram Unlt

NanmeBi t sDescr i pt irom25TotatPrxets20—Fhenunber—of—ptxets—t0 count
(decrenents untiI*°DYSt &P Adftir ess21 | Where to start counting from 15 MAR
2004 WO 01/ 20548 - ZFaBl ¢ 47. Registers In Inmage Histogram Unit 5

PCT/ AUOOP01074 NaaerBr t sDescri pti onPi xel sRenmai ni ng20How many pi xel s remai n
to be count edPi xebValdde8Amidebdab: tO1dabdeta r €gi ster | oads Pi xel Count with the
Pi xel Val ueentry fr@m thgeBisi09r am Pi xel Count 20The nunber of Pi xel Val ue

pi xel s counted in Eggi%gr_rﬁgxt_y[gié-togr am It is valid after a wite to

Pi xel Val ue. Cl ear Count termnes whet her the histogramcount will be
cleared atthe stdPFdf the hi stogram process. A 1 causes the counts tobe
cleared, and a 0 causes the counts to remal n untouched(l.e. the next

hi st ogr am aggs »t Qeldifing Migh bad \bworRkiaheids COIWiting a 1 here starts the

hi st ogram process. Witing a Ohere stops the histogram process. A0 is
written1Bere aut oentatieGidlobriim Bys HebrecoRdtradiéy foraaltoiBpIanb tittan dellsad tBisténme Bas

t edd 1ont Leal s f | b dny
count edaown hlémrp?rﬁ '?%tgg?%%Ag h%?d thHﬁ\glgf?ag FI))BL 9 1dr G3bry iﬁé Etet ‘?jh g%al?n%% ﬁr%q'an&em ¢

Tot al Pi xel s | [ nunber o Ixels to 1 nc eln e cC

(e.g. 375, 08P dyriagre Pt RIPERdr ess with the address of the red plane,
ClearCount . wt ite tg the regli ster. Once the coupt has
finished, the i ng? a\]ﬂ‘%lﬁiglclm\glg{ahflhse%"a?‘% mf"lil.ogr tF}i péxteq.(%ér?ragﬁmc%sﬁogf)aé" + Y&t '}sﬁ?rrltged}']%y
writing 0-288kesipiisiebe sxpendablaand thereferatual He the AP W Wl FINgIdPithedCTishiay . 10
PRI NTHEAD | piidiRé-peCixpenodbleldne thEvelomntetnah Tihd axdctvaua e n (sfkpepted @ be atutskebureans by
whi ch the PgResti dn@REFAdREonbERb@Lterdics Nt head 2 with the dots to be printed,
and contol s the actual dot printing process. The PH is a |logical 15
Wrappfer fo(r]I a nunnerprodéss WNEGHNIRRINE h%:darkést MUk @&l strhigitefeRCE in(ddé 3tepbing Whi Ch
transfers fplk ' t n ring
sequences d ﬁ’&o?%ﬁ tp%éorgﬁl%'? .gﬂ'gtggr%ﬁ {lrérﬁ tn%%ﬁné Itogg gprw(; %ﬁ Ptg cb%%&fe ?cg)él RYIK éL Foetdel

an. i mpl emenfeateHA" We haglfaveled furiker Biap @t seamauRt FREL B Thedighesh olbese valyessis2 on
page 24, ascaneitidredise Ipw twesithidyyg the cote plase. akhopghdithcs B gifférast bghedeh eesesdarkddie PGU

takes a pl aGaleb,2RLkifteten&@ dan BEBonOIitredl dASddblo e R Hefpbsel Of rﬂﬁﬁs eRpaRdidn Rl cdidrRge
fromthe Ingpg eRAM 11, and produces a 1600 dpi dithered CWY image in real

time as requl re ‘by the 20 MemJet Interface 15. In addition, the PGU has a
Test PatQtS ern nod eThe%b&b of%@@#ﬂ'lirﬁrﬁ tﬁebﬁé IIQ‘E&.J)I \;]aQ|9§ IQ si%ﬁy?.% ilthIngrsQBdlr%%ryugM\’f% ch

ozl 0 5l ity e e o B g B A s B |

structure of the Printhead Interface is shown in Figure 37. 25




15 MAR 2004 WO 01/20548 -43 10.1 MEMIET | NTERFACE 15 PCT/ AU00/ 01074 The
Mem et Interface (MJl) 15 connects the PCP to the external Mem et 15 MAR 2004
pri nt head, providing both data and appropriate signals to control the
nozzle | oading and firing sequences during a print. The Menjet Interface 15
is sinply a State Machine 106 (see Figure 38) which follows the printhead

| oadi ng andwdbirdos@ or der described in Section 2.2, andpciaueesst he
functionality of the Preheat 5 cycle and C eaning cycle as described In
Section 2.4.1 and Section 2.4.2. The MJl 15 | oads data Into the printhead
froma choice of 2 data sources: Al 1 s. This nmeans that all nozzles wl|l
fire during a subsequent Print cycle, and is the standard nechani sm for

| oadi ng the printhead for a Preheat or-2Z2-eaning cycle. Fromthe 24-bit

| nput hel d reacield 6r uhtidahbay traldled iRiRF the a $eh BmdifilioDs5, Tifb fowbst of thide S dar d

means of pri oLd : t her r haoto or. te attern.
The 24-bi t P e Rl TRERu R CIRE pach, i B8 4 iR AR RLndsS g2 L7
' Advance' céfltesdhe fiffereses qag be gqqpidereg qxwdwémr theppupRoses [9LrapgecPXpANsiNan oolerne,  a
1- bi t' Advanoadrcing' pul se |Is also sent to the PGQU. The MII 15 nust be
started after the PGQU 99 has already prepared the first 24-bit transfer

val ue. This i s soThemeas@foristoppinticafter aj satsiistangei flom Otpe 2554 to doripensatetiar vl types of
transfer toimdges: pri nthead. The MII 15 |Is therefore directly connected to

the Prin? Ggner at gr it and the external printhead 2. The basic
structure is shov\‘/gh n ﬁr'ﬁlﬁar?gyné'gi.c e 'i?éw

“£71 Connections to Printhead The MI
15 has the fol | owwhetp teasimeawhite prdlacipin emigagsr | nt head 2, with the sense of

i nput and output with respect to the Ml 15. The names match the pin
connections on t hB574 e FRSSHIWE dand wagh [orcprsidertlye entirg pieof upger ang lowgr Malugg to be
Connect i ons ed@ndabe binsverFhans & [lADesger tb pegirowiGhWe mapsalely S tredtigh(8ehe biv 72hi ch

chromapod Wiiebndids iche(olisidd O raAdePRikeP feliubs BlafShmpiy. By RRE dibtancd Wi Bapbd¥onPOd
will fire (9.' %),SE@ZW elCFiring pul se for phasegroup ABEnabl elOFiring pul se
oSS ety

for phasegroup an output to cyan shift register of

§90- 7MDa ' | ' |
segment tal %{e%ll%%?ﬁg%v&:ohﬂ&ms sh&nwm 9 l@c{fé tf\ért aléh?ﬁsﬂth %%RtFeOJ

segnents 0- 7YDat al nL , k‘ﬁéﬂ aPu't 1o % w shift re er of segnents
0- 7SRO ock 18R "HE S@ogsile 'Bege ©eHRIFE RRKAIS s pRAiyiekimagedigg @ Spalier rangs Natst
val ues fr onrel@Dhetdtiersproe 7% histodram rahge[70-77 Js repnedentddetly allande@rarige in the owieb702Mans hi f t

regi sters ofn thdwightink 4. MR Gk becake NERst3GEH mAPcEhldir2Asé BixalstHitMnGralldd- ciobdi Nt head

Connections, 2 B me#Pi nsUCDescr i pti onPTransfer 10Par al | el

g&pﬁ 4
transfer of data tpormg)(o&ée%s Tt registers to the print- head's internal

Noul eEnabl e bits {@R@hRind RRYS Rlesnoid §1§§ggdet£ﬂﬁéalfﬁg%cawp§ﬁe iQJNIdu?IIiy.r;I'gig, £ or

SenseSegEnabl e AN w th data on taln[ln], selects the sense
segment Ja. 1O a&iﬁ%%ga?dg? ieude et Aediielipra e ok Dl S BimREer o1 i 1y
senseWsense MAPge FxParsie8 aro®EFAL | 41 | 10.1.2 Firing Pul se Duration The
duration of tiring pulses on the AEnabl e and BEnable |ines depend on the
viscosity of the [MGROIPYIGPERHIPLIeSERRELRPragRss CRIRISETIRRY Aither of the tWh Kiresholds

char act eri sft¢ @ed thariew threshaldnstamtroeiftiqpowerzsaead beald e= 10 Todind he higr hedhbi€ad. The
typi cal pul s@réhdiiadich Qo indBgea LS 1)L1h3 pdeiodbacassiimmes thatern MbhoidEEdsivABuSRAt ai NS a
pr ogr anmabl gra y+u§lgga§m°ﬁtl on table, indexed by feedback fromthe printhead.
The table o ul's urations allows the use of a | ower cost power supply,
and ai ds in mai nt-ai €€ ' e+ | se Duration
tabl e has 256 ent™f@¥9 3 & t5iffexed by the current Vsense and Tsense
settings. The upgefral4bits of address come from Vsense, and the | ower
4-bits of addressocomees s om 15 Tsense. Each entry is 8 bits, and represents
a fixed point valwfel MrdcfiBeit 2NGRxR ad 2P FroralnNEMIEOELESS Of generating the
AEnabl e and BEnabl e, | .LR6S. i-S.. 5104 f.f1,Fi gure 39. The 256-byte table is
witten by the CPUT%tC')A1 beTf ore Qri n[ti n% tdhe photo. Each 8-bit pul se duration
entry in the tabl e Conbines:” “Brf gHEHEYY settings Viscosity curve of ink
(fromthe DA Chi p) ™S iR EaFe fwehse Tsense Vsense 10.1.3 Dot Counts
The MJI 15 nai nt #&48ila count of the nunber of dots of each color fired from
the pringhead 2. rétwen dioksronunt for each color is a 32-bit val ue,

i ndi vi dual |y cl eared—under—processor—cont+ol—Etach—dot—25-—count can hold a
maxi mum cover age dot count of 89 6-inch prints) although in typical usage,
the dot count will be read and cleared after each print.



15 MAR 2004 WO 01/20S48 PCT/ AUO0O/ 01074 . 45 VWhile In the initial Printcam
product, the consumabl e contains both paper and ink, it is conceiv %ﬁAﬁ mE
a different Printcam nodel has a replaceable ink-only consumable. T

initial Printcam product can countdown the anmount of millineters remaining
of paper (stored in the QA chip 5 - see Section 5.2) to know whet her there
| s enough pgp@iodgai |l able to print the desired format. pEhhavehesenough ink
for full coverage of all supplied paper. In the alternative Printcam
product, the dot counts can be used by the CPU 10 to update the QA chip 5
in order to predict when the ink cartridge runs out 5 of ink. The processor
knows the volunme of ink in the cartridge for each of C, M and Y fromthe
QA chip 5. Counting the nunber of drops23%limnates the need for ink
sensors, ang2Rr eviddteiniagestl nk channels fromrunning dry. An updated drop
count is witten to the QA chip 5 after each print. A new photo will not be
printed unl ess t hRétatioh sf tBeiriagd161 1 lanlopdongl spcn &bth thaLabthe and Erinttaod Bérgintge t he
i nk wi t hout ,?ggsgdsng a dud photo which nust be reprinted. The l[ayout of the
dot counter for cyan is shown in Figure 40. The remaining 2 dot counters 10

(MDot Count and YDoikérgH print fofriks réqRBEIRE fagéd by RitdteawitieP s Preabideyteds Yelatidd © the
| dentical | '&FE EJ e“&{io"flnr gs sh%vgi)-n %E@urm 'T% r%{aﬁon-l;P\F elgﬁr;]ug éﬁ@%h@asglgéedvﬁﬁth the

MIl 15 via ers a raneteri ze a

print as vveF“F maés“‘"?%‘@'é‘i‘?/@"af’@%ﬂflﬁ%i‘?f‘R" I8 yRTROrtARt i("rFF“ PR AngHEse o °°‘1"H€' “ClogMs8 fingey
regi sters arhe newnieniatdds dnly fachigtinglHe: priftadak @idh thelvigatior tirektivh eillfafiecbthRelptiet er s 15

20 Regi st er JyRREESGHe! d%l'oﬂxﬂ?ﬁd bl PdumREARE blbElisAqA-8d Brldaéh Mk TBRG
the printhead (usually 800). Thisis the nunber

transfers rﬁgw rneg‘,ﬂ;écI rga
of pul ses o *HESRO VK" ANd t he nunber of 24-bit dataval ues to transfer

for a given |ine. Pul gl RotaBsHs!rreRCRAGKIBHtatibA R PrintFarmied €1 M ne t he duration
of a single pul se pa—the—€Cot=orEngbtre—++nmes—DBorat+omTange = 0 - 6

ps. NunlLi nesThe nunier &¥intFoeemtPri Nt cycl esRettigrer f orm Mynitoring the

Print St at usThe Mem)&tandantaer f ace' s |90at us Regi st er Li nesRgrmai ni ngThe nunber
of |ines!Or emai ni ng[Passhraprinted. [@ly valid while Go=1|Starting value is
Nunii nes. Tr ansf erswemwb@e MUTTDETgo0 TTansrers Temai nijng before the
Printhead is consi ‘F"?h siey éNhUorucu f 5 the—current | e nly valid while

o) . .
Go=1. SenseSegnent The H—vraltwe—to—ptace—on—the—Cyan—data |ines during a

subsequent feed-b t fnl d be
set 20r r e- spondi %ﬂéfet v?e%?] gn%%ggsﬁ-Lyetﬁf 0 H'LHO%%gre@L&/ Inflarn%tion ipﬁ)s@ium V\DE01I 20548

PCT/ AU00/ 01 6'Pgess- Fage relalign a7 0, he image ganibe r“%P E’P’f"é&’é’ ﬁéé‘i’éf%ﬁ‘%" °I§°i
Regi st er Naive Ded celupri byoseBenh.ARdgisloation ofshef 3 nelor-plapesanust fake thel rotsitien dﬂattiaemm itten
to the printhgad during the LoadDotsprocess Is all 1 s, so that all nozzles
wi |l be fsi red during the subsequentPrintDots process. This Is used during
the preheat 3ad ClRt BaR@cdsah@Rargh ERpansibee24- bit value witten to the
prlnthead comes fromthe Print Gener-ator Unit. This is the case during the
actual printing of phétegrgph istseldam Ghkerly tded lightimgegaditionte EvenisReaoinwf tperect 0 t hi s

{eg:j st elr | re%&hﬁgt LdABiidMRH is fratgﬂtnﬁmaswe&.a?dsomgm Qerf)'bl PHolofrEphie¥ EhdcsﬂSjS@%\atléinﬂ
oads a r | Ster S WI | r an
Wﬁvgr Il_n eé.ktg%stf[gﬂ ma?% ?gtp%t@ﬂag Is Ifﬁlrrﬁl}gtea lgy ﬁgw{ 9 ﬂ&r%p ﬁ\ a IY&w y

val ue cl ear ulse on
t he SenseSe§S#tadsuch Fﬁ‘P@“PP"'th@ lighragty.-or H@Bﬂi‘%‘t(&‘f?ﬂaﬁﬁ‘%ﬁ‘%mts stat us b| ts
are all 0. If any of the status bits are S clﬁared

and not hjgng nore f"s’“‘iiUH@'“ng%"ﬁé”h%{?ﬁyBE&ear t%wgghqtcigﬁ'@?' ﬂ%&@gb'&g@h'stué‘? t he
val ues ar e [rérem ehhitenintier Gktaa e exaviglertpisally Resnystiow eaptdanddisvsbowrcasy witappeer  and

then the Feed 'apa'fbkrr&ie& ptiltoglaphe TaThetk pisdpl6, 2 yallo®icasdt n H€final uhbredt@EMBaG DN is
continues durin u\éf]SHtggyerﬂif'%g{e vBMn@ ‘Eong {I)o%igttlﬁeqn? th@%ﬁ?ﬂrﬁdpr\ %aSQ%ker]r it dges nlaf s bit

starts the L°"8 are
printed, eamtce&etpsncﬂ\reﬁ&'wafmmf"é? Yerofare gfugial forparim whiledalance °’é%1&’ﬁ‘°P’FWe l's
printed, Li neidermingkony decrenents, and Transfer-sRemainlng is rel oaded
with Nuniransfers again. The status registercontains print status

I nf or mati on. Upon Inteasgme waosn IBRoeIgamis paieeivedicie of RIgEL quAlty yien e PXRgMIBFRBe%es s
stops angl t fuethéooldrs fs ekpaindsl @amiadh. thel il ramg irt éueh édion plbnepThisis pyrckilery usefblite gy i S

| oaded into buape aRHa'B&QF‘e@anﬁdYM rﬁgﬂerqgsolgtloh%ﬁemyﬁanm r&nggfsﬂﬂﬁernmm dtdVaiubly OCess,
but does not clear eny otherregisters.ClearCounts~ Awlite to this register
cl ears the CDot Count, MDot Count, and YDot-Count, registers if bits 0, 1, or
2 respectively. are. set . Consequently awite of 0 has no

ef f ect. FeedbackTsenseRead only feedback of Tsense fromthe | ast

SenseSegSel ect pul se sentto segnent SenseSegnent. |Is only valid if the
FeedbackValid bit of theStatus register |Is set.VsenseRead only feedback of
Vsense fromthe |ast SenseSegSel ect pul se sentto segment SenseSegment. |s
onIy val i d |f t he FeedbackVaI | d b|t of theStat us regl ster s set. RsenseRead
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From the sinplest point of view, the PGQU provides the Intertace between the
| rage RAM 11 and the MemJet Interface 15, as shown In Figure 41. Thﬁ;g§k5%4
takes a planarized |inear RGB obtained froma CFA format captured

fromthe I nageRAM and produces a 1600 dpi dithered CMY image in real tine
es required by the Menjet Interface. In addition, the PGU 99 has a Test
Pat t er n nodgo oydaseh enabl es the CPU 10 to specify precipgglayoodiensh nozzl es
are fired during a print. The MII 15 provides the PGQU 99 with an Advance
pul se once the 24-bits have been used, and an AdvanceLi ne 25 pul se at the
end of the |ine. 15 MAR 2004 WO 011 20548 PCT/ AUD0101074 -48The PQAJ 99 has
2 image processing chains. The first, the Test Pattern node, sinply reads
data directly fromlImge RAM 11, and fe24vats it in a buffer ready for

out put to t b tellked id MRrpRREE Pikel BEAMNbR] m.d.h@estgme@a.i HidtkyQinads! Rdhbe Qaaistan Is

functions ( N ta| ns the
functions: §%§P ??qg&gatqgef é"%%valueg%ggko@g ?é &tuﬁﬁ}%\@%éd W\ﬁwgmé anc%we

Range Expan¥3'{ris Bapredie Q-anphine highest velugls mewew 2 THhhe inferpegiategues gre mapped

Up- | nt er pol &tpeoprifonalyaitérineiete aeslidtwetted wins® for Printer 69 The PGU 99
contains all of these functions with the exception of Gather Statistics 60.
To performthe GaMateamaRialiy, the ereatonpedgimed ihetragpiagion of LowThreshald¥@ td Afpllgwedlyst ogr am
Unit 8 thregsdaleME® tdrail& R siRh hér@l or channel ), and applies sone sinple

al gorithPrs. The remai nder of the functions are the domain of the PGQJ 99 for

reasons of accuracy argxSPeqPixefC T PhNshdl@FeRERgeSPEeLatprll d be too nuch
nmenory required to hold the entire image at high agsguracy, and speed,

because a sinpl e @RWe10 MQSC#M!@S“Wl gh- speed
demands of the Menjet printhead 2. The Ireheds L TREP!Y variety of
paranmeters, including RGB to CMY conversion tables, constants for

perform ng white bal ance and range~expansl on, scale factors for resanpling,
and i mage access RengeSveiefactor shéwd bedinited to & rogximuptvaltié lo reduceitfe riskwl expersingd® chai ns

caanfef deg rangk thd ﬁ.ur@ déhis oﬂ'béﬂ:uﬁm\%tLo»dThFeﬁh‘on A%k BT?WO T{]@mrﬁmstlbmh 8eRAM 11

to Bu r e ot her ai n

consi st s Of eg w?h gé/&a a#a%f Scaleégc(fo%fwdltpeﬂ%{ert ?r eacP colmicplarnesa tan% ?ngycneegds tolll

per f or ms Inﬁﬁ@cﬂé‘ﬁ%\?’l%w'n\m?te Bal ance and 20 Range Expansion. The second

process 112 perfofns, Resa I|n The thir rocess_65 perforns sharpening,
Goheskp B e i

the fourth proces 8?%‘?““8?98% B e %hal process 113
perforns the upl néufg&aﬁie égép;@&vesﬁﬁgilﬁ%od?&% waazfég bé |§1§ n(h”égvfné bl Ll%mﬁoﬁ@ntﬂ” nter.

The processes are co et ween
processes, HRaaepef Witeiee BoyAued? T‘%Vrmﬁt?t“fﬂ%"a‘%‘ha” dl%?"'ﬂ/ﬂ?%f' 3&3‘!5'&' PTPPIt 2‘(9848
PCT/ AUOO/ O 10254 a-1d Bivkbsult (Fotits aftintdglae 8 ef fiaction)@s Sdise ertcitabeidfitterinsage procesging atvein.i | y

rever se 161 d@fa.carbot¥#6td tna ﬂ'nanbrWOréﬁref th onkirB Pnalé atoReaiRe s®iid, b’lﬁ‘ ﬁe Eﬁ%aﬁ@édaﬂ Ese
processes and i,fements are

process. Ti ul ar re

t hen nore ar’**ﬁeﬁﬂi%f"eﬁ"%“" e Ty RO it T | °"P?1“é’°’b&??5‘?‘ﬁ iment & 5als. Shgis Pt Tabl
21. Tabl e ZI"aGBEﬁsf‘%'P'ts#'z‘@lQ’ GI"E?I”"I"’irt The logigaherpagssds S"QH"'E‘F!S“'S{@

Si zeBuf f er (byt es) Conposition of B fferBuffer 1188Red Buffer = nes of 6
entries (c~ 10-bi < ERapntto bave, 3 foopel @ duiner iy subtrgctipn ﬁ‘ééhabf'" 65'%9‘}"‘%{3 (d~
10- bi t s eac howThasholgyA2de 0 mennedia fOf @kewlse.ma miltipticatiopfmugt hame » iceling 6J 268 fdnithes each
= 97.5 byt eskgériperion? the resultdo RANBUT viell&highér thhn Biigh THre3BoldDf3 wWill be mappediot28s.each =
12 bytes3 colors x 4 entries Q 8-bits each = 12 bytesBuffer 333 col ors( RGB)
(~ 8-bitwm earisBuffesimpleds 0403 col ors(CW) x 6 Il nes x 1280 contone pixels ~
8-bits eachBuffer 593 x 24 bits TOTAL 23D264 Apart from a nunber of

regi sters, sone oThetGfé oply oroddss @singlevator santpanent mea pikel (xypdoadinétaTb eed@e theenor y
co {rﬁonegtea Ig&éh,ﬁrﬁ@d aBe e HEBP hA/B the bﬂermlcém%gent Jéﬂm & odoh p:xNQImfawymeqwdr ement s
within rocess

Unl t Si ze
Requi r enent SEOt ate) a'WOS"[e%wlﬁﬁ PaRce " ?éﬁy& p%g eesaél%f' e'"aP*‘“&?oﬁ""é/F ow: o
L1, 1523 ker Me|nged ra @reersa3d45lupp With ?‘ESF&W&PR&%MT“W’@VGWM corgepgent fi@er si on
tabl es, eac barflcitedl postiahy Butlwet rabdpio resinigiobiut @hd Igrelsin | Grtwanaay | hatdedrean@id hebd@Di t her
Cel |, 50x50>é§,—mgjer,§,'|;g§5|ué?attern AccessO TOTAL 18D391 10.2.1 Test Pattern
Access Tje Test Pattern Access process 110 is the neans by which test
patterns are produced. Under normal user circunstances, this process wll
not be used. It is primarily for diagnostic purposes. The Test Paftern
Access 110 reads the Image RAM 11 and passes the 8-bit values directly to
Buffer 5 118 for output to the Menjet Interface. It does not nodify the
8-bit values in any way. The data in the Image RAM 11 woul d be produced by
the CPU 10 using the Image Access Unlt 9. 25 10 MAR 2004



WO 01/ 20548 PCT/ AUO0O/ 01074 ' -50 The data read fromlimge RAM 11 is read in
a very sinple waparound fashion. Two registers are used to describe the
test data: the start address of the first byte, and the nunber of Hﬁﬂ@&znm
Wien the end of the data is reached, the data is read again fromthe

begi nni ng. The structure of the Test Pattern Access Unit 110 is shown in
Figure 43. weopaksbe seen in Figure 43, the Test PatteparAsiasssUnit 110 is
little nore than an Address 5 Generator 119. When started, and with every
Advanceli ne signal, the generator reads 3 bytes, produces a
TransferWiteEnabl e pul se, reads the next 3 bytes, and then waits for an
Advance pul se. At the Advance pul se, the TransferWiteEnable pulse is
given, the next 3 bytes are read, and t#s wait occurs again. This continues

until the Advanceyenewaumeve tW?ﬁlrr&i‘BrGSh Lmuercas.ecaﬁpéaem faseaaeg@meéoru@m t he

current addre t er ns of e

simply read®" ﬁ'}eeée esgiufon a|°f1'é”§° Q’Fgﬁﬁl ?%’Y ??iwf"l[i]' aﬁ@ﬁ"\ﬁﬁ °P?§' &fﬁ'\f?'@atBuffer

5118. The f v31es t*BPNStca'\mméthP Rrintge imageln cttreta'BM inghips &1€00gpi)y The caeﬁéhneg@h %0 p,

t he next | sthempiidtieedis therefdrfederdos. S 8-bit address 1, and the third is witten
to Buffer 5's 8-bit address 2. The Address Generat or 119 then waits for an

Advance pul se bef Tee akgwoextrerhecasesitecondiderig agai n. The addresses gener at ed

for the Lmge RAMntL%wI@{BQo s fdoiidn amﬁmwerﬁdm,ﬁsa%a aed om/%,ﬁa%ﬂco@rs shown
In Tabl e523. Table 23 T,e ern

a
NarreDesor | pt i ont 5 TACHBERIIE PR IF {0 149 PYLERUBAL TE RSB FIATAB L BorET b e
i s not enabl ed. DathaBeningtkemeliend migriconvassionfat thelow resafition; Hewpveniteas the disadvan-
RAM~-Dat aLengt hNumagy of@équiBinddiyibré Shah 18-bitpér colért dmadientft® bé ereved Br s Grisisuistsde

Illustrates the aﬂ%eeo?ﬁmtegﬁé&%%lgéa%%u §Im%oré%§mda%urﬁiggweﬁ€¥%ﬁ%p &éﬂr@es are

not shown. 20 Do Forev
into Buffer 5 (0)Psoip-hgrones Ragerdyaniees ﬁf%“'ﬁ!]?fafsé‘?'e'ﬂ""(‘ﬂ‘a' 'sﬁiﬁ? AﬂFﬂFf”Read Adr
into Buffer 5 (2)ing Apfintraglinterpoliedwaiuppergycte. Rermmai ning-1 if (Renmaining = 0) 25

Renai ni ng =4Dat a'—lﬁ@ﬂ:ﬁl@ts to the &n%&/ﬁ&pﬂmm&%l gﬁ%g'aﬁ;colﬁ'a%l?ﬁr{ MO/ 01074
It is tHe responsgh

mmaningtul | or o nEe e Slenh 8% rsaanepries MG SARRT PRI erE fneen e o
segnent s of cyan {efisadgantageef saauiring agcala-¢p Unit thelis eapgbly of prodsing hbhsulficipteraergent a,
and Byte 2 for yehbtoviuepblgddaival sisBor@ihg %mbﬁlﬁgianabcﬂorf:@ﬂerﬂdﬂﬁll&ﬂeﬁl ayer-xel s

separated by 1 NokdepRbfide k. thbWamening Kerl AudPhl lof eﬁéu@gesgw b cpadeb® Nol ds

t he generated dots from e entire Print nerati on

consi sts of a 24- M eeManyeadnage-dyorsesiilh br shampgpiao. 6‘@5‘?@?“5&”@&‘ 89h3 Windawst | e
fromthe UHRU 113kepigntorthecuipatiiraage {eekh dottainien eamuhb&ef @a00reritry lies)since @ eBsiriglet

regi sters to hol dprni@ciél @e@yds SRREmd, 8k yollo@ dbts RBreddrfldis(rbmslainEiaft ke N
AccessUnbt), and a 24-bit register used as the buffer for data transfer to
the MII (Menj et | Kditeerfotitbesp.casbh ke ito @cment fhafacethétrtignfintltpeint loltput lisaiielel rithe 24- bi t
Transfer r e%ﬁ&oﬁfané"b&ﬂe@utly %écdistiRe a MididWdund- Pl lhGarpiRg, MdackiG@inat 7S or
the single %e hift register. Buffer 5 therefore acts as a double

buf fering meEh §°r'1“|bs° e8P he generated dots, and has a structure as shown in

Figure 44. 10.2. g'[rgléglat%ﬁ %Ll;lngrpﬁé{g geaﬁ lnfbrﬂa%@tab&loﬂﬁbntghg?%[g%w (.%ro? n

internmedi ate resol utl cont one gener at ed by
the Col or C8#efdibRteptegiREJasolion. Linyed oy éssg"é?iupog? RAAe"eRgytignn %°r pmegiate 15

Hal ft one anebséietibm mugitbe pavoerorgh td aiBwithe asivaitages of sgeh ehareringoketmeigizeckpd soldror t he
pri nt er .29 Theonsérdiéh iing! B& teaRtbreMatStekdiRibn lrnﬁst deﬁ@mdﬂmgn thst RRreRB NS loSRéf

di stance b eé“ﬁ'ﬁ StfaHI}EﬁB tootﬁghﬁ?re.%mftgnm?le\% ma% effect ugg ?le saonge aggglelgeov&agr are

bei ng gener erent or on a
di fferent | FiAdeiaPRolgin ﬁg*eg’éwéqsemtem(ratfm@ame) effect is that 6 different

physi cal |ines ar ne time nter - odd and even
dots fromdiffere ?c%o b Bﬁfg "T‘?gﬁel% o (il @P'eﬁ&'f"?ﬁ’é@ olotets: dAep e seRps
concept is terishanted &yl 2 3AdRI henlogde integm Senseauently @a fiitarpetliate resiutiani o6 1280 cantane 20 The
practical upikéirovidss folpaiceitdd®sEof iqalith 0@ 84001bidbvel ldetE T e later S3alBd o280t b4bof r om

the even cyahmelireanidiPiidihg tdiSoABIENt @ dots to the odd yel | ow dots. In
order toggm ni r?lze ag:?enecrat an of RGB and hence CWY, the nediumres contone

pi xel s tﬁat generate those high-res dots are buffered in Buffer 4. Since
the ratio of mediumres lines to high-res lines is 1.5, each nediumres
line is sanpled 5 tines in each dinmension. For the purposes of buffer
lines, we are only concerned with 1 dinmension, so only consider 5 dot |ines
comng froma single pixel line. The di stance between nozzles of different
colors is 4-8 dots (depending on Menjet paraneters). W therefore assune 8,
whi ch gives a 25 separation distance of 16 dots, or 17 dots in inclusive

di stance. The worst case scenario is that the 17 15 MAR 2004



wo ov2os4s PCT/ AU00/ 01074 -52dot lines Includes the |ast dot line froma
given pixel line. This Inplies 5 pixel lines, wth dot lines generagjﬂgaﬁ
1, 5, 5 5, 1, and allows an increase of noul e separation to 10 Td W
that the contone generation process witing to the buffer does not
Interfere with the dot generation process reading fromthe buffer, we add
an extra neslooinosss |ine per color, for a total of 6 |Ilpgeaupmiosol or. 5 The
contone buffer is therefore 3 colors of 6 Iines) each |line containing 12B0
8-bit contone values. The total nenory required is 3 x 6 x 1280 = 23040
bytes (22.5 KBytes). The nenory only requires a single 8-bit read per

cycle, and a single 8-bit wite every 25 cycles (each contone pixel is read
25 times). The structure of Buffer 4 is26shown in Figure 45. Buffer 4 can be

i mpl enented as si NgHeGdedwbest Bssample, RARSE To dofistielbadidiovBlare®rellidMoltnetFANg at
t he nom nal régﬁﬁ&hﬁglsgﬁgmw%@t Pg@oqapo%onqﬁ&er ation process, or can _be
as

i npl emented as ter wthonly a single read or wite
access per gyehe.gﬂ%ﬁwfg‘.@uﬁ is set to white (all 0) before the start of
the print process. 10.2.4 Upl nterpolate, Halftone, and Reformat For Printer
Al t hough the Up- | ivblegpnihated)ds kitd Hideomr @lanetde fAeCrEX i@Bdiutibroverskdh oNntheédolof psnes 113
are defi nedcé?isoe%% @yls@allhdﬁ;}(tﬁe R%b?eo?gdnﬁfgd g’xé?s Iﬁ’eacrcr‘@ hs‘fUﬂ b§221‘h9 lnf%%dl%gc“ on

3.2.10 rgspectlvel nment sin rocess I n

har dwar e rTB'f‘eésn’@HPé ?"Brﬁ“%f’y ‘P?P@s ?"St’fﬂgmrﬂt@' (F‘H’Bﬁf f'?P Rer BpeeptaLited| at e)
Hal ft one an@anefF&ﬁmermhe kaMHR@QUI@BSMOQ thetkenel srsyometridy Gin¢eged {ridbfub baved) 117
contai ni ng tikderibbiets Ml SFiHRM inkibiYepledéHttisrBmthin tHe ICBA BBRHIpEce! tRSiRlid bdsAshs | Mage.
The out put | Sue akeﬁ%&«lll?ﬁd»@e‘}erg't values in the correct order to be sent to the
Menj et Intertace or subsequent output to the printhead via Buffer 5118.
The 24 output bi tfhedk pl@i‘tﬂ%ﬁ t%gorginﬂst(lna\ﬁsoaspgde% lnp@p&oﬁﬁgﬁs idBerddl 6n 3" b't

shift register ess occurs from
the Advance®fRd r%ﬁ'\'?%ﬁ tgf;fr?ﬂge’ %@?‘lg'f’éegﬁ'ﬁ'ﬁ? P{Pg""w%’“f%s w'Wf@‘ﬁ"“PHﬂ‘hUQF&J %13
starts up, despeadeparding grmintiermat Farrpdrnd plug then, thefpliqwingselaipnshipheitduced, and are
20 clocKBd into the 24-bit shift regi ster of Buffer 5 by a ShiftWiteEnable
signal. After the 24th bit has been cIo i a TransferWiteEnabl e pul se
is given, and the next 24 bits are géne :a+k fter this, the UHRU 113
waits for the Advance pul se fromthe MI'™ he Advance pul se arrives,
the TransferWIteEnable pulse is glven K %ﬁf%wr 5 118, and the next 24
bits are cal cul ated before waiting afar “ZI actice, once the first
Advance pul se is given, synchronization has occurred and future Advance

pul ses will occur every 24 cycles thereafter. The Upl nterpol ate, Hal ftone
and Reformat proc¥®® can be seen In Figure 46. 25 15 MAR 2004 WO 01/20$48
PCT/ AU00501074 -53The | ftone task Is undertaken by the sinple 8-bit

unsi gned conpar at’®r~ PYGAEIHRE MR s to the conparator come fromthe

St aggered Dither J'l,ooljd%é @gﬂp&y ffer 4 117. The order that these values are
presented to the n5| ghe ator 120 Is determ ned by the Address
Generator State R nfbiurh fe3 pix¥i1per Ppf Bikd &mpbhat the addresses into the
1280-res image natch the segnent-oriented order required for the printhead.
The Address Generigh (o, Sispdeperiiing br i@tich22 t her ef ore undertakes the
Up-Interpolation and Reformatting for Printer tasks. Rather than sinply
access an entire Thisneeand that giverm® strtiag pdsitighin iMpGtCIpalde] Wé) cancgeferétbl @ Mew @fest Mt t he

| d t
3. gelg)cw{ hg,ggu?ﬁ .g?aiuln&, p%sa}ﬁam& 9&!%93@%%%0&394. ﬁ19f9§%{§%$§e§?}:@a§g? 'tgg

rrate a

cont one buf PE® (‘Igﬂ‘”é‘r'"p& s"i??“a"éfﬁd"‘*lﬂ'i’s‘ffg‘? ﬂb'°?"fi‘8t” 'ﬁé‘%&'tﬁﬁ%ﬁ“&l‘ﬁﬁ”i’%euses

t he corr ect recenstugion ndgesambling.di t her cell 121 to nmatch the staggered
addresses. The Hal ftoning task is the sane 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
segnent will be 10 the sane for the remaining 7 segnments. A 50x50 dither
cell prgyides a satisfactory result. As described In Section 3.2.9, the
sanme position in the dither cell can be used for different colors due to
the fact that different lines are being generated at the sane tine for each
of the colors. The addressing for the dither cell is therefore quite
sinple. W start at a particular rowIn the Staggered Dither cell (e.g. row
0). The first dither cell entry used Is Entry 0. W use that entry 24 tines
(24 cycles) to generate the 3 colors for all 8 segnents, and then advance
to Entry 1 of row 0. After Entry 49, we revert back to Entry 0. This
continues for all 19,200 cycles in order to generate all 19,200 dots. The
Fﬁlftone Un|t then stops . and 15 wafts for the AdvanceLlne pul se mhlch
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Each of the 6 effective output Ilnes has a register with an integer and
fractional conponent. 5 The integer portion of the register is usedi WARZ%L
select which Buffer line will be read to effectively upinterpolate t

color for that particular color's odd and even pixels. 3 pixel counters are
used to nmaintain the current position within segnent 0, and a

si ngl e. t enpwoatesgount er P ADR (pi xel address) is usedpeoagbdset i nto the
remai ning 7 segnents. In summary then, address generation for reading
Buffer 4 requires the follow ng registers, as shown in Table 24. 10 . 15
Tabl e 24. Registers Required for Reading Buffer 4 Register

NanmeSi zeCyanEven8 bits (3:3)CyanCdd6 bits (3:3) Magent aEven6 bits

(3:3) Magent aCdd6 bits (3:3)Yell oweven6-#i-ts (3:3)Yell owddd6 bits (3:3)Cyan
P ADR14 bits (11: m@am; a\d%m 06 tidperidhg oBWiRtneHs iIRagdPRd Hoek totated byl d-or3 P

the 6 buf 1 ePd Prases iapl 8BE HRleBR bt fjaf ke f vingtd b el ens b ien Frifsy) oo

(remenber t Imdetiort 4180 degemed s antiglocledrponent is effectively a divide by 5). For
exanple, if the odd and even output dots of a color are separated by a
di stance of 1_dot, aftP't®FFectef Retatignan Kignd k2 fetatiandsanti-clockwis®l o 20 t he
nozzles of the next by 8 ¢lots, the initigl valggs would beggg shown in
First Lipe coj um in Tabl LRgé“on(ap&@oﬁ@,;‘,h set of; 19, 200 dots'; has heen
gener ated, each ofortMaese | count@rAs nust |nbfenlentkzby 1 kradti snal
conponent, relpsigmeato ng t he fact gbhat welare sanpkl ng[amh digkel 9§ tines in

the vertical Plsspoddy VAR 2 9 0 g W‘CH'TTETTS- 9% ion, The

resul tant val o thenr—be—asgghown— e ar—Tgbl e 25.
rafnic 33 96" 0 0.5 ‘o”s

Note that 5:4— 1ni‘igﬁ:Os“.cet.‘".cearc nr'vﬂb"m Res- ﬂh' 25.

Exanpl e Inita»Lihgé?-u#—a-nd—gec-and_lﬁ s forlh Fg&f elRegi sters
Nanme Cal cul ati onFj eSS Li Buf f Second Li ne \Y/ Buf nEvenlniti al
Posi tion0: 000: 10Q+/ r?&%e@ \L}'grrlef "“f‘["b"%ﬁ"%ﬂﬁ ‘%v%ﬁ‘&ﬁ%&fﬁ% p el
(8)1:412: 02MQ@Wm@wwaﬂwﬁwngzedezdzb'@mwlrméﬁwgewmatew@os

( 8) 3: 333043 yal, BoTSOGKGHYE; Ithensaky @ntdd f&mmféreazbutiheorﬁatb(sbé Eigurb 1 én PeB@iTs brer S
then, deter giNf iny3bigh. bfbfe tﬁé?@ntrpth'é lﬁa%gpol't'irﬂ'bﬁéfo mat, tHe Eéjl ggémp?e Hho/ Fhof 10
color's odd_or even pixels. To determ ne ich o 13 3| umres

pi xels are r‘hégﬂf‘fFQ?Fﬁpt he specific line of Buffer 4 vve use 3 Pixel Address
counters, one for eaexb.@@hoa.nd@ms%aﬁhxmrefovmpﬁ%xtscount er (P ADR) which
i's used to i ndgx—tnte—each—segreri—rEach—segreht s—Separat romthe next
by 800 dots. | nedfarmtres pi xelMappihgs di stamee s 1601m;ﬁ| nce 800 |'s

di vi si bl e exact|Isfanbard 30) we psdoy needizese [hss [ ntegsgoezsor t1on of the 3 Pixel
Addr ess count er spass\mt:genera &0l Ne=B a6ldr EGR|S 1 OF 0.79185 €VEN CY pi xel s,
then thgs8 addr 258V ETITHgRG Tt d,f-téﬂd I aTdsh st e 8 atldr esses for

t he even yell OV’Thdernhlf $35e D%m'@ép)h 1.ﬁ odd b’ytﬁb" regenta; and yel | ow

pi xfel S. ghillgop{ 8€E55—a+—twel-5ets t 2|4 ev-eR—then—24—odd, IXSP ADR)
per f or me [ N 8hs
MRScan BE s 1383, 5 F63tand bEo s g amgiggﬁ@opﬁg%égg Vrraé{ces o)

to 0 15 and advance t he 8
next buffer '?sﬁ‘lé‘e?"§ haBWineide a%awaﬂ?“‘? '|'°dEﬁ‘1‘Elé¥‘f‘?1'§sa(’tW‘9tPF?é°s€onvert to CWY
process). T? dA &ts the steps in a sinple form Table 28. Address
CGeneration for Reading Buffer 4 20 #AddressCal cul at i onCormentP ADR = Cyan P
ADR Cyan P ADR +=m}, (egpaéoeeee&ﬁatbss.a«wgﬁﬁéus Rine SRS Wihe ?ehomu %&9 efOMENt O

and advaoce, to i xel for 160Advance to
cegnent 1 (E&n%eﬁﬁmﬁew PP b D A o g'éegwrﬂ*erzate inss:

( cyan) 3Cy an Eihepahin temyRpl tagymmber of Ry@iadhisdercesentalivesio gavdie ore@n image is 750 x 1000, the

( cyan) 4Cyan imege cddid/Agbily KDRidHs b6 05%0\a500 EThis@oF@pRRes BedaGepdn ihe Cheakdrsard: P ADRP

ADR += 16 OAF,A‘@'Q Gﬁhet d?eeﬁ SQJT? Q,Rer%géﬁ i@ %M?eg EM% is E&AmPn ryedlr{\ejnggrﬁda\ﬁg 2 ce t 0

vance (o

segnent 6 C%n%; QéanEven aﬁ
15 MAR 20049 TR el B magedacapuctiotor reagiepings he ARpReF ofintemelafioymefiadgyss VBuf f er

4 5 10 15 PomgrAysGDs@t 0fen plohd cacerstuClidndutbitnpryrObiarricont @:@xestmigiear eblicdbbd P ADR = |

agent a_P ADiRear interpolation to bi-linear interpolation and heuristic reconstruction.
25




Magenta P ADR +=1 (nod5) Generate address for even pixel in Magenta segnent
0 and advance to next pixel for nmagenta9Magent aEven: P ADRP ADR += lﬁg AR 2004
" Advance to segnment 1 (magenta)l0Magent aEven: P_ADRP ADR +-- 160Advan Q Ro
segnment 2 (nagenta)1lMagent aEven: P ADRP ADR += 160Advance to segnment 3
(rmagent a) 12Magent aEven: P ADRP ADR += 160Advance to segnent 4

(magent a) 13vagensaEven: P_ADRP ADR += 160Advance to segmeiiauboioiors

(magent a) 14Magent aEven: P_ADRP ADR += 160Advance to segnment 6
(rmagent a) 15Magent aEven: P ADRP ADR += 160Advance to segnent 7
(magent a) 16Magent aEven: P ADR YP ADR = ellow P ADR Yell ow P_ADR += 1 (nod
5) Generate address for even pixel in Yell ow segnent 0 and advance to next
pi xel for yell owl7Yell owEven: P_ADRP ADRe8+= 160Advance to segnent 1

(yel I ow) 18Yel | owEnRmabnimy IrButiR oftinatdd (e EHaEs) tolnpE@bmiRdtesds conceptually the

(yel l ow) 19Y P, DR += d e to _segnen .

(yel | ow) ZOYSH‘%%%ﬁ :{fﬁ%ﬁ b'ﬁ%’i‘%%% y"gﬁ%’é"‘{s& nZI"eeg r%er?% m%"o" of the image,

(yel | ow) 21 Yérgedhpreaisiation afpisels otapaes withretetien (pieE & 0198 degeagrdapending on print format).

(yel | ow) 22 Y&brtimgrase plard thalBibwiAg iRationshibGdldglvance t o segnment 6

(yel I ow) 23Yel | owEven: PWADRP ADR += 160Advance to segnent 7

(yel | ow) 24Yel | onEven: P_ADRP ADR = Cyan P YADR Cyan P ADR += 1 (nopd5) Generate
address for even pixel in Cyanysequ®n}+® pnd advance to next pixel for
cyan25Cy3nCdd:P_ADRP ADR += 160Ad e tb segnment 1 (cyan)etc. The
pseudocode for generating the BUffsét 11f addresses |Is shown here. Note
that it Is Ilsted as a sequentwhf(jz bk, steps. Table 26 shows a better
view of the parallel nature of the 6berat ons 20 during the address
generation. % Cal cul ate start positions CyanEven = 0: 0 CyanQdd = CyanEven +
0: 1 Magent aEven .wiewanCOdd + 1:3 MagentaOdd = MagentaEven + 0:1 Yel | owEven =
Magent a0dd + 1:3 25 yell owOdd = Yel |l owEven + 0:1 1 5 MAR 2004 WO 01/ 20548
PCT/ AU00/ 01074 - 5%Docoridingtpringnedigaasisese on print size) Cyan P ADR o 0 Magenta
P ADR = 0 Yellow P ADR = 0 Do 400 tinmes % generate the even pixels for the
first sdf of 24 bfY&cordpalafmpirrutspaeeger portion of Cyan P ADR Cyan P ADR +=
0:1 Do 8 tines Re%dau';‘gd%;n4gsl lxegz(r\(na I§ven WE' xel =P ADR) P ADR += 160 EndDo
P~ADR = | nt eger poFr’st"l on of l\%lge & P SHeGe® ﬁenta P Adr.+. 0:1 10 Do a tines
ReadBuf f er 4( | i ne=)aaent i =P ADR) P ADR += 160 EndDo P ADR =

| nt eger portion o%%Ygngﬁyﬁgkm bé%kﬁ@w P Adr += 0:1 Do 8 tines

ReadBuf f er 4(1 1 ne=x&)ih QWERYLLS anb bit& b7 HranbORb naébepo%Eﬁ:resl pidls patEioig g ner at e

the odd pixels for th irst set of 24 bite P ADR = integer portlonh of Cyan
b ADR Gy FPORESR % 0o g ot o el o moue oo lowatatep esautions arg
20 P ADR +=wh@QunitateidR: PSQNDRR0, B:17HQ © 60 G17GP 1004, thé scla dastatsdor freAllidreNoglevit a P
Adr +. 051 Rendts st mgurdRBASIBERIM iflable 16 NYRORI WRDEE PasBiok Ghagh fohliR) thd enfileR +=

igowﬁgdggoiﬁnalge @%gpléd%oeg@éthgg&mtgﬁcgf Yell ow P ADR Yellow P Adr += 0:1

Table 10. Green Plane Scale Factors for Image Formats

Format Mapping mps 1/mps
Standard 30 1000 = 1280 1.28 0.78125
Passport 31 1000 = 640 0.64 1.5625
Panoramic 33 500 = 1280 2.56 0.390625
20 Thumbnail 32 1500 = 1280 0.85 1.17648

These scale factors allow the mapping of coordinates between CFA resolution input space
and medium res space. However, once we have a coordinate in CFA resolution input space, we cannot
perform image reconstruction and resampling on the samples in the same way as red or blue due to the
checkerboard nature of the green plane 46.

Instead, for the purposes of high quality image reconstruction and resampling, we can
25  consider the green channel to be an image rotated by 45 degrees. When we look at the pixels in this



WO 01/ 20548 PCT/ AU00/ 01074 -58 Do a tinmes ReadBuffer4(line=Yell owQdd,

pi xel .p ADR) P ADR += 160 EndDo R~ Now can advance to next ~line~~ 155 MAR 2004
CyanEven + o:1 CyanQdd += 0:1 MagentaEven += 0:1 MagentaOdd += 0:1

Yel | owEven += 0:1 Yell owCQdd += 0:1 EndDo EndDo 10 10.2.5 Buffer 3118 Buffer
3is a straightforward set of 8-bit R G B values. These RGB val ues are

t he shar pemnedompsgisum res (1280-res) pi xels generat ed byctriaeoosh@spen process
85, and read by the Convert to CWY process 66. It is not necessary to

doubl e buffer Buffer 3 116. This is because the read (Convert to CW) 15
process 66 only requires the RGB values for the first 39 cycles, while the
write (Sharpen) process 65 takes 49 cycles before being ready to actually
update the RGB val ues. 10.2.8 Convert t29-CMy 88 The conversion fromR@ to
CWY i s perf aghtras sthown tiEgui@el, | Migh @6ty irhage Recof@rGdtior dnd Gsaimpimy meodlswehdsbed in
Section 3.2,4,. The conversion process 66nust produce the contone buffer

pi xel s (Buf?er 4) 117 at a rate 20 fast enough to keep up with the

Upl nt er pol at e- Hal Iao@.gbem Relrobite dRlaRceBafvednltfe samipiBd FixdRAR the KA PARacHAL 4e 1S
used for 25 cycles (5 tinmes in each of the x and y di nensions), the

conver si on pevosea sThe astuat disEpcatiptween 2bpledpietsds 7 Has dlustredinSigus 2¢ycl es for al |
3 col or conponents. The process as described here only requires 14 cycles
per col o% conponeTtte,solutiob For thia greerngherinelREB, iy &l padam dzgel ecdnytructiop @od @édmeling39

cycles. TIf fhétabd a6 Athosghi i NaRERebRELcHdniieriOBbf ad thrbsampimy rdd@Rd BIGS @RS O

t he i nput I el§ re than 49 cycle th Buf f er 116 1

Foqui 1o doubiree Bar B drent e deOfiRe e abishaE et i b e or gl 4B, ocess
65 after t hhighegifigguencyin the signg isijiferent taiize reigliopshipJey the gedRrshiyRBEOYSO!D @ddltion, H9 The
conver si on kengpeolilo bereatmalized ol that itHee@ rdistandeciep@bradamples bebbmedet dsifarkaslémm 17

| ookup t abl ggrdafes S Bk frRbrmbiR6d GEENESY Sohvidian RIsSHRSE coofaiited Must¥é@MMbedea 8B L O
Magent a 91, cycles to

nd to Yellow 92. Ho er, since we have 2
berf or m eacHETINe PepeSpreqTg i cesr SR e plseihe O i BRNOTBIong: f acy
trilinear | mter poThetfirsbistoumaptunrotatad CEngbacednte eotated CF 4 seace. iThie ean b iatcemplisiedt i on
process 1830 |'s nosandidgiig aReerRdtEby NBOEIRS Sve ARNGAEAG bydb debes HMHE fhlsi=nt 0 the
| ookup tables is ,ﬁy{ai ghtforward. W use the 4 nost 5 significant bits of
each 8-bit col or conponent for address generation, and the 4 |east
si gni fi cant ®bi t s Bfe sesapdis B-sesiethecapraipatesdmpesehebr nofmesfized [ameh whiEhean bgjadeemt-ween
val ues retrieved pisteaby Metiph P vah eidase byai2es. The addressing into the | ookup
tabl e requires an adder due to the fact that the.l ookup table has
di nensi ons of 17 Thasdiwe trankfammatiofs cambine torseeite laynultiplightion fattgriohty2. £orbedpiettyrasmber X
byI éL_? :_s anwg‘agl}aﬁce:}fm&@é’_ | ted?CFA saiué Lt &I o nﬁér&hsﬁgﬁﬁz gQBrgélg%Frdecrﬁge S’d'ldﬁ'hﬂ
mul tiplier, an diplyin A bit n r n | y
Tor e borp | KTy SHh e Btefbo By e BTRSLe 7 K bnd FR@nahesMlick el o
be perforne# faster, we use a single adder to generate 10 addresses and

have a single cycle ipterpolation unit, Conseqguently we are able to

cal cutate the i nt BPpBRIEHER Seieo it Peisg So0reg ieth 6 B JPURERY r om
RGB | n 14 cyansigasing what o¢eraas we genatgteca Ipg of migdiumypsslutioncpixals fem g CFASpasatnedt 3
times in or e Gived & BARIARY ordiyst In CRR G bace, WaeiehtxeoVandwiSdnes 1288 timaxdy ar e

possi ble, b &’efé I T T I rcol or
conver si on E@pgglm Fbgl e og(ﬁé?? te%?! @g%g'togr?k%#%tﬁ E%B&}@reag?slc? é%‘%ﬁ? ttt-i‘)?l|c/)nrc'ﬂ_%at elADR
= 289R2ADR ZNABEeRTHEIAFIR2 AIOFMSA KR5S ATRVAmERHRY Ip ratey PICRCIR® Lropgss +

166Pi RGed BAORnin FADR28. 1P3 = Pi to P2 by B7P2RGt+1 B+1ADR = ADR + 2718P1R+1
GBADR = ADR + 1P4 = P1 to P2 b‘l\,/t BOP2R+1 GB+1ADR = ADR + 16P5 = P3 to P4 by
GLOP1R+1 G+1 BADRSiacespys5 % sipgSy 1V2pmovegenpin Yniptated 355 rpacehy] Hmes eaysiss to equg)
P2byB13P6 =mbB&ment ifdandy bis1/(hgs¥2d Thie affilothusiowle evaed it matanhthecnoitnglized kahengl € ADR
regi ster angnAdgifg eduabs tenoaSlibihtioR BT RSSons&HR b nBRmbm b/ hdith dnRfkddP
tables. 6 sets of 8-bit registers can be used to hold Internediate results
- 2 registers hold 25 values | oaded fromthe | ookup tables, and 4 registers
are used for the output fromthe interpolation unit. Note that the Input to
the linear interpolation unit is always a pair of 8-bit registers Pl/P2,

P3/ P4, agd 1 5 MAR 2004 WO 01/20S48 PCT/ AUD0101074 -60P5/P6. This is done
deliberately to reduce register selection logic. In cycle 14, the "V'

regi ster 131 holds the 8-bit value finally calculated. The 8-bit result can
be witten to the appropriate location in Buffer 4 117during the next
cycle. A block diagram of the Convert to CMY process 66 can be seen in
Figure 46. Assum ng the process is first run to generate cyan, the

resul tant cyan contone pixel is stored 5 into the cyan 1280-res contone
buffer. The process is then run again on the sane R@G | nput to generate the
magent a pi xel. This nagenta contone pixel Is stored Into the nmagenta
1280-res contone buffer. Finally, the yellow contone pixel |Is generated

o o ~NS 1 Y



pi xel is stored into the yellow 1280-res contone buffer). The address
generation for witing to the contone buffer (Buffer 4) 117 is
straightforward. A single address (and acconpanyi ng Col or Sel ect blﬂébMMgmUL
used to wite to each of the three color buffers. The Cyan buffer Is
witten to on cycle 15, the Magenta on cycle 30, and Yell ow on cycl e 45.
The pi xel oagfsass is increnented by 1 every 75 cycl egrhagbdiogsraal | 3

col ors have been witten). The line being witten to increnents with

wr appi ng once every 5 AdvanceLi ne pul ses. The order of lines being witten
tois sinply 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 output fromthe Resanpl e-CGr@at eLunl nance process 112, where a

15 conpl et e cREpaddIshubtedto s lovénfent? Bt KbriePk ard kerhdl §rabl mlistsqmsdtonﬁtpe The

output fro es Lot rocess 65, which requires a 3
X 3 set of n}lg‘%eﬂgﬁé%eevcggﬂ'gag cfoerg'feﬁgﬁ" ?{m?Ee pi xel bei ng shar pened.

Consequent |y, duri ngﬁm"sbﬁa,pﬂg,\mn{;rm&sf&ﬁnad‘,he,r,,ﬁtsl s need for access to
the 3 x 3 arrayoftummance—~vatues—as—wett—as—the—gorrespondj ng RGB val ue
136f or the centler |um pance pixgl .Unbtatete |S §E}°WMT§ t he next B |um nance
val ues and the |cqipespondibp. R E%!FEF'“VCLI b< degmelid at ed by

t he~Resanpl e- Crleat eLum nanﬁﬁg)process_llZ viel of pccesses to
Buf fer 2215 I's {shown 20 in Figurle 49%P5The act'dlé‘l rrp eme@fPati on of Buffer 2
115 is sinply gs$tadatd x | 6.26 24 ent|ro7g1B-bit {RAS2 w t h {baestaddresisi ng on read
and wite provijeassgort h¢osedT ecti Vieyssbg TT1 ng 1abs val ues]ofgiZ-bit lcol um

counter can be IFRRdr&MIE N 661 W U h WRPPI ERKES OVI de o gasct Tcat| buffer,
whi ch effectiv Tﬂ‘urﬁﬂﬁhﬂ (5 Uoé'su s—t ||¥ 5 8vou et loagérmsm -t b'b’o1t fre—entire buffer's

data by 1 col umrpesttien—Hre—+Haet—that—we—don regtt+e—t+he-f ourt h col um
of RGB data is nofyf8h &N [ of not
. . | ableS4 § tfa)gtéhad%@ ﬁJeééﬁl %E é_ (ﬁl\&ﬁﬁ?f ?l}mbgngss%%}{ ntgn

having to i %enent con‘g T‘%@ g1 Ven
cycle, the dELh seacppay hgé a%P‘?”t"f‘%ﬂ‘? hagya § valyeah grogterdiian 1 ’P%‘éd’""éﬁ'a Wi5 write
processe8 hasser i hedpespertprintformbl mhinat for anp pishexdtiers. Hoverataiven batitteeyds aposti,t h t he
printhead. andlthat MR of @34 MEYed 1o otf) IABsizeOdiiasidgOwik ndd bSRAIEBIE, & @M Q4074 The

Shar pen Uni ar task escrl bed in ction 3.2.6.
Since the s%sasg'geelggaii't’%ﬂepn I°§n1a % éu(r)'r e'daqer?? ""Buf fer 3116, the Shar pen

Uni t 65 nuSb.268eIReushsthudtian FIgr 16034 Ride n@ R _Process 66, which Inplies a
conpl ete RGB pi xel must be sharpened within 75 cycles. The sharpening
process invol ves 'Ehehke@hﬁ@&ﬁruénbr{ filterto xfuséd Wilbdeéhaoh @ hidrbelcon BELBS Thdrd |9m~§)}§e RGB 5

data and st gigd o 'Bel@ nu%% %ﬁqma%%&gm %@tr%lldgﬁﬁro?aggra&gpé irﬂé @ketnhcﬁ'

conmponents, as des {; 35. The
hi ghpasgsf i F?’@F""E?Eﬁrdct'f’% aﬁd ‘H’S@% Y 1A ragRTRiRd dmaop A s8fisfagiofy gdepffinthis ?ﬁﬁﬁ 8P¥¢i on
kernel , as sdmpiem frinmthé-diopansion Beng radaestrixteghceptared arbinid therestimmted pdsttiorl Xateed-20¢er 10
cycl es. The1fx, k&t x€y Oleto the alsre btgodsBUMNY with B saril foln@! weldhly rdbflite!l BeffidelBS t he

center pixel, ¥al (her i xel shifted left by 3 bits). The next 8
cycl es subt rocfitct #ﬁg reeﬁ?ﬁ'?ﬁ@h%r%ep i xel values, with a floor of 0. Thus the

entire procedure Wabek&a Q&ﬁ@ B&Iﬂrb.&h Rekup Yab@ﬂvntﬁq(tﬁﬁes f@’eﬁkhecol'kpco#dayﬁl'\tv Ea%ht h e

rrultlpllcatl S a _cons

representat o hg? &?@c'eﬁs LAS Valmée ne 'E& s?%e'a‘ﬁ T ‘k‘?l&pa% ?”EDE‘LS"&?‘V& ed by
sof t war e byc'?BQ?é‘"é"('Pw wage st bﬁ"‘e' SPR®®- T“Gt"&’Pt signfiesnt bits of therfaptiopaticoponentin e R, G,
and B vabugmn(awmrhil apaicearblusag toihdeR o) theakeheldobtidiedts tibls. Bihbiere 62 efitrlés |ﬂﬂleCKC| es
72, 73, andyehy Whsid . j t he
| ast 3 cycl % rel b %n g%tﬁﬁfg(nyés%‘!td}rgde%\%?}t %gﬂ(g%t %rn M% 'yﬁﬁeeg%{#?gorri ng In
Buffer 3. TH& §T"?‘U'E9c 8T t he Sharpen unit can be seen In Figure 51. The
adder unit %gg §nnect d to Buffer 2 115 is a subtractor with a floor of O.
TMP 140 Is | 0 2¥R h8xthefirst L val ue during cycIeO(of 75), and
then the next 8 L ract resul.t si gned,

}é% fg‘]i ﬁ}’% Cﬁ-"?\ rﬁu %J ar r?enetd beto Otfehng (Pm&l;’éd ?c&a}l | the

since the subtractlon e 9), the
11 bit tot aP"afPﬁ"'”ﬂ\ﬂBefﬁ‘Pe"'? Be ARpliad; ip, F'Pé%fAtﬁwyt'%‘ r"é'“f Hewevsy, gt ffypmw GeRturg | 9 but
under sgft weesautiorowme dahot baye tedill colreinformetoo rat ezain pidet. lastiadl &6 exly haelebdVwidetdren back
to TMP 140. gredd af aGiver $iRDsdsitidh. SiargBhing d36h EdRF Blbrle iRdeBendbriid §ifel n&éjto% sﬁlﬁg‘]e
fraction is truncated), so the limt fromthe multiply unit is ) a
scale factor of 119 is used, the maxi mumvalue witten will be 228 (255 X 8
/ 9). 20 The scale factor is 8 bits of fraction, with the high bit
representing 118. The variable scale factor can take account of the fact
that different print formats are the result of scaling the CFA inage by a
di fferent amount (and thus the 3x3 convolution will produce correspondi ngly
scal ed results). The sharpened val ues for red) green, and blue are
calculated durlng Cycle 72) Cycle 73 and Cycle 74 and MW|tten to the R
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maki ng the fetch during the next Cycle 0 valid. Sharpening can only begin
when there have been . sufficient L and RGB pixels witten to Buffer é ?%
that the highpass filter is valid). The sharpen process nust t her ef by 8AK 200
stall until the Buffer 2 wite process has advanced by 3 colums. ' 10.2.9
Buffer 1 114 20 Buffer 1 holds the white-bal anced and range-expanded pi xel s
at the origypalsapture spatial resolution. Each pixel pegagbotifd W th 10
bits of color resolution) conpared to the I mage RAM | nage st orage col or
resolution of 8 bits per pixel. Buffer 1 Is arranged as 3 separately
addressabl e buffers - one for each color plane of red 145, green 146, and
bl ue 147. A sinple overview of the buffers is shown in Figure 52. During
the course of 75 cycles, 16 entries aresir-ead fromeach of the 3 buffers 3

times by thend?&aﬁmoma%sm&seeﬁne&l@memah& chéhnel bt are\magalsu%t b Gud\dat ten to
the 3 buff epends on the scale factor and the

current sub® %"éé'@? gfﬁ'@g’f'{W"Sﬂw"g%r”f'ﬂ‘anqﬁgsarrpl ing). 15 MAR 2004 WO 01/20$48
PCT/ A0/ 01074 - OghHGyiARdre nfonl 3 tr%mwndlﬁ af RBE 4, 3§%:&Q%tsp§e Wigdlag and

witing can occur W't
process, 4 [ymiggnce 'sa?eéa'?‘é"a(ﬂ""? fre FAM@inges °6f"° golprdRiyrmation (supfoassiils & LP@@Pthel s ver y
| ar ge (e g. lumiparze ghanodi B cay thep bb shaRaneira2r(bycadding i@ peaportion] o he thigh-paseieredan be

read mul ti pl@sidni RS Iikahdag Faaloltiﬁef &«.e msagkeﬁone lbe B&HSdried %k foHcE &5@NBMR9) -
uir If we are not

Event ual Py, _h
Vol el T BN R g Bl &l S S arttenss P £ P B o) o

scaling up SO e’ new p| Xe t he next p| xel

generation cycle Iﬁdwe?ar wg"Eathbcni rZ&h Gﬂtﬂ%loﬁ%megﬁ% step‘é if b8 Qs P& trf'atefféch(ﬁ’ ﬁ&ﬁ@as sport

factors in T %ble R aiﬁ‘ i‘" wor st case for sca

format 31: %Pagfeei PR Laitek 1A' °é["":9°v$‘? GiteckiRp cRageHBP {“’"6‘P"° °B’B‘2§)°ge

i ndi cati ng tHange iathg peinarice ofa givampikebcapda welbdpprodmated tyian e@ialCRgngp imdiedar BA%i t i ons.
However, eagy B, OWsrdidre 4 sy gomdndid (€ RigiPpdsdrilenl, v aBPA dhopdhibrodt B8 tedulliq¥d) 1o Thi S
means t hat Qrtl5 nfesanpl es are required per row (worst case is 4, not 3, due
to a worst case Initial position). Mwvenent in Y indicates the requirenent
of an adbitgesal coaver ReEeiLWoM, nmaking 5. Finally, an additional sanple
colum is required for witing. This 10 gives a total of 8 sanples per row.
7 rows are requi rwelcdniter heSilE (176 L'SAMPIIE spate whers @ lisxistbeftinly Ghifsrhl Fo @hvelRCB

pi xel's for ﬁ&-ﬁheﬁ taopaaetmrmﬁhm&émgmmsmgm\é m b rxax@ {l;lof REe Al @Y% (3. 125
= 2 x 1.5625). Movenent ds one sanpl'e row above an el ow. &nsequently
a total of “Wows are reqU| red For nore details see Section 10.2.10. The
red and bl ue planes have a D value for Passport of 0.78125, indicating
that. 4 | ocations can be @onRAGBd MUX(R,G,$)sanpl es. An additional sanple is
required for witi ngLWﬁlIe the remaining 4 are being read. This gives a
total ofts5 sanples per row, which Is further 15 Increased to 6 sanples to
mat ch the 9588 High s FildrL8lart up purposes). 6 rows are required to cater
for nmovenent in y. For nore details see Section 10.2.10. Each sub-buffer is
i npl ement ed as. a AW paisd fiterdde carcthen Be bisplidda6 the RMinakce inraatior. BPeaveldds ftbing Sanpl e
per cycle. ess
than 200 by;ﬁgﬁd%fla%glwia%ﬁﬁﬁan@ﬁre%?d? £Hagaeﬁte ElEEoTﬁP%r%r%@ng kgtggtcl ik ItS é‘hRe d
Buffer6 rowd 9?"%? Lagtrsuteay besgaley at"%’%%@ﬁw °8éf"f°@f"6‘t ?fé'\‘ﬁép"R'"%w'%%mﬂ]"é’%‘ ﬁ

10- bi tsSGOG’E@hUtBGW@r'V.PB'"MmeWSSIHBwtﬂbie%tmor@@elamdsw&TOTAuSOO 10. 2. 10
Resanpl e and Create Lum nance Channel The Resa e and Create Lum nance
Channel ,process 1'1‘29‘1’%"‘PE‘%’ﬁ%"ﬁg‘{"HF@fﬁ‘BkerﬁféﬁEW%P”E@sfméﬁmsﬁ'38é’P’%HT"de I'n
medi um r esofoud 8 ® A cepaldion ip CFA spEcoa dppliee tor 1e8msplutiongpdck aismininé grelradhanmeled and

range25 e‘Xpﬁ‘IQg&Q fﬁscaﬁg tlﬁﬂ(drng ﬁ?&n@ﬂﬂ@hbﬂe%&ﬁﬁnthﬁﬁ?%ﬁ@tf HeR8GppiiBd ofHelmeRilm 3- 2. 5
on page 28. 04 WO A /2054ti PCT/ AUOO/ 01074

- 641 um nanc%’mguuf)n S@acefw(ﬂm"ﬂequ%?mrqlls'ﬁﬁnﬂ ‘xel, as well as the |um nance
val ues for the pixel T%Véehaaﬂwmcmmw'mrxa nmust be generated for
use in the | ater sli;g'r"Benl ng gga cessgxz;l'he t'ﬁﬁeﬁ*h?ﬁ‘ﬁggﬂ%sgr oduki ng the RGB

oc ha
value and 3 L %‘targ“{qr ‘9;1 nE e%\é oS oh "x3gr+§§: ver age of

the m ni mum and ven pi YE\| | nr‘a'ri n (see
Secti on 3. 2. 6. PRsSPOTEA T s t ePf%ctl véfy prRteEPRGR val ues for 3 pi xel

coordi nates - tfan9mmiedd i n| q@é8t ilon7-6&nd #Ae 5 pixel above and pel ow. Thus
we have 75 cycl{8bunmbnaiV@i ch| t 0.88al|cuR&b e [trwee,8r3x@di um res RGB sahpl es and
their corresponding L values. Buffering L values (and hence R@ val ues) to
save recal cul ation requires too nuch nenory, and in any case, we have
sufficient tine to generate the RGB values. Buffer 4 117 contains nmedi um
res pixels, but cannot be used since it holds sharpened CW pixels (Instead
of unsharpened RGB pi xels). 10.2.10.1 Resanpllng 10 The resanpling process
can be seen as 3 sets of RGB generation, each of which nmust be conpl eted
mnthln 25 cycles (far a total nHX|nun1eIapsed tlne of 75 cycles) The
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To cal cul ate a given color plane's nediumresol ution pixel value, we have
25 cycles available. To apply the kernel to the 4x4 sanple area, weilgMAR Y004
the 1 D kernel (indexed by x) on each of 25 the 4 rows of 4 input sanples.
We then apply the 1 D kernel (Indexed by y) on the resultant 4 pixel

val ues. The final result |Is the output resanpled pixel. Applying a single
coef fici entwgapdsaycl e gives a 1 5 MAR 2004 WO 01/ 20949A060k14%00/ 01074
-65total of 16 cycles to generate the 4 Internedi ate values, and 4 cycles
to generate the final pixel value) for a total of 20 cycles. Wth regards
to precision, the Input pixels are each 10 bits (8:2), and kernel
coefficients are 12 bits. W keep 14 bits of precision during the 4 steps
of each application of the kernel (8:6)32-bui only save 10 bits for the

result (8:2). Thupas benseiRie il dihebakaSnda helfuutinth liebesanih b N0 1 N
X y.

he fi.nal o ut or or Bis bits. The art o he

el i g 5P Seee Rr w3 o anfim oee Yo poetaun” ol et B TR A @eHEnY
process of hesiensard prigt formed, wa ¢90 ybe/23 x A(fiter\BB and thep gcalotbamesults, THapoees8df. Not e
t hat the Roproducing’s sitdie filtered (Cpixel ieét@WwsinFigurebe i nput from Buffer 1 114, and is
taken care of by the addressi ng nechani sm (see below). Table 30. The 20
Cycl e Resanpl e 10ThéHctl4) kedyat Lisei eanrbe lafypqule pf d<eat ofastandand HRihpase filldeeaurets. A bakké[ 1] Row
1, Pixel 1TirdatkiddidRPNighbass iex & lshowh Miveihabmstidtidn of Bk 8EP inFEME 46 4] Row 1, Pi xel
ATMP, V1BX[ 1] Row 2, Pixel 1TMP6X[2] Row 2, Pixel 2TMP7X[ 3] Row 2, Pi xel
3TMP8X[ 4] Ro%28.3 RiddElitered iy R&EIX[ 1] Row 3, Pi xel 1TMP10X[ 2] Row 3, Pi xel
2TWMP11X[ 3] Row 3, Pi xel 3TMP12X[ 4] Row 3, Pixel 4TMP, V313X 1] Row 4, Pi xe
1TMP14X[ 2] Row 4, Thexest thinggrdodsdio 38ideeme Aropgrlion of the BRI Kight pa=e filterkd lumiingede 4 TVP,
\C/;glw[ 1) VITbRLSMAcR JoMReTIMRAshes Sadidil WsARade4hr/ifdrMR doivakiedDékSIREE aoeunaeadomg f

neration i rom
RGB to L fo?“ﬂ%Sg”s’ﬁ%'sﬂﬁﬁ@ﬁﬁ"@@"a@%ﬁﬁgﬁ”%g"% éﬁpg%"g"?m\%y ] g’%ﬁyﬁé % E 1976
L"a"b" col of"9shaRSdIdTclPe ctlorjsgach ds bnepiy- (FenTegueity Vo £3R aveid the aoigr ppwersienss. WO
01/ 20548 PCatogdt)i®0byeti0imglan eqa® propartion efitiie high @assRE&Bed gninandet valge folRyGramd BeThehannel )
we aver d@e bhaet pfpsHidhonhéeRgh-fEBeiteridimade cBh bdaefidd By ReaRSoffa@bdeddfor. L = M N(R G
B) + MMX(R, G B) 2 The generation of a given pixel's R G and B values is
performed in par afkl iethe higinpdssiteid0 lumingnse big, andibie tht ednathnt bdaldBactor) e tdhiefine
gener ati on @f trhnsRtnal§hof HaREithg e ECnd BSs findwgc! €s. This makes the total tine
of generating an RGBL pi xel set 24 cycles, with 1 cycle to spare (since the
process nust be conpleted,within 25 cycles). The value for L can thus be
safely witten ouf ERBlffler 2 115 In the 25th cycle. Address generation is
descri bed bel ow. & sigglke 8(limited cx2FF2sich) or can produce 3 bits in 3 cycles,
whi ch can subsequgn;Ly+Eg used for 10 selecting the 2 inputs to the adder,
as shownsin Table 31. The‘division by 2 can sinply be incorporated In the
adder. Table 31. Selection of Mn and Max based on 3 conparisons 15
M NVAXR>GG>BR>BREY FRHRAN O 1eR(FHOTERY ¢4 BROTWBELOINed wittDhgrscele tagtprén the highpasgi nce
t he add ner sleypradsiyseelsection 52.612)H0r b Singldstalgtastonum val ue, the order Is
uni mportant. Consequently, of the 2 inputs to the adder, Inputl can be a
choi ce bet ween R @nedth&shapdenihgnas broviepplidddo the RERPIxpE the fma@ ean be &nveftbrito CHYi ¢ i s a
m ni m zat i o83 iRbrdériichbePRMeddgit.i ate bit patterns from Table 31. 20 10.2.10.3
Address Generation for Buffer 2 The output fromthe Resanpler is a single
RGB pi xel, apd 3 dovverttacmesgl) pi xels centered vertically on the RG pi xel
The 3 Lygalues can be witten to Buffer?) one each 25 cycles. The R G and
B val ues nust be thesrétizal tewhs, te cayarsian fdf ReBBdo OIY Bsiepg:ycl e 50, since the
second pi xel generated is the center pixel whose RGB val ues nust be kept.
The Buffer? addre€s=den®i sts of a 2-bit colum conponent (representing
whi ch of the 4 cojugans &s to be witten to), and a 3 bit value representing
Li , 25 L2, L3, R, G, of B. The colum nunber starts at O each line, and

increnments (with aﬂpﬂ g) every 75 cycles (i.e. after witing out L3).

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




15 MAR 2Q04 WD 01/ 20S48 PCT/ AUO0/ 01074 -6710.2.10.4 Address Generation for
Kernel Lookup The nethod of cal culating the kernel address is the si%rmy{aml,
described at the end of Section 3.2.5 on page 28. Each kernel is 1

di rensional, with 64 entries in the table. The 6 nost significant bits
{truncated) of the fractional conponent in the current kernel space are
used to i ndeyoi/esa the kernel coefficients table. For tleatowesisel6 cycl es,
the X ordinate Is used to index the kernel, while in the next 4 5 cycl es,
the Y ordinate is used. Since the kernel is symetric, the sane kernel can
be used for both X and Y. For each of the 1280 resanpled val ues, we need to
produce 3 pixels - the pixel in question 181, and the pixels above 160 and
bel ow 162 that pixel. Rather than gener3dt-e a center pixel and then nove up
and down fr g&urale @bnvéerSiod, 84 wellaX @ lallow\&? fUlLRd ERhESCINK, dhd $hthers] 6 Rore BEbu@rRMREEse t he
two pixels Ja%re go(ﬁé@pcg%ow it. The second pixel 161 generated is taken to be
the center pi xeF. then return to the original row and generate the next

3 pixels in the naxtwbbiidfond dsililtOe shdnl i FguhP¥s. 135 1B b&alsk i 10
55, we generate 3| pi xel ﬁ‘ for gﬁ&@ of ‘{Rge 1280 . OfSItI ons. Thus we have a
current posPTPeBHEYHMRED frayke X9 With regerdgdo 1ha MRRRNG R themagesgpsongaqWi g % or v
i n origi nal Piintgygamu theeentergemuy i dypigplp canfrinedivieliiwihingheserisoraemito t hese ker nel
coordi nates. Looking at Firgure 56, we see the two cases for rotated and

unrot at ed | nput s PRiEE thapperoghBesg dpnsforeations\pxiadstively. gxoglleqtiesulis can baebtaibrd O,
wi th their viabtrieibead eqreersi@riiesedon 8 bats ¢f 8D fvbkup tableatThe nokdp adescentbithe veglitast of nps

{see Sect i ORandfornalidns dFMe dpBic BREA iKdeAy | RGEDNnrse Ebfesard FediilRE: onb Mbleldae I ed

d bl hannel s, AX = 1 d 0Y = 0. See Tabl e 9 e 11 f
Appr opr i at o MR HoR R Oy 1R M08 Mo v vy e P rep R SOE R Tt e

t 0o novement iNGrRERTIQR cerrRe uReskingive thedfipgh osuitias thopaentriginroningiidediipl tha tablas- iThe procesge add
AX to X andissbdvinrirefigure2d. from Y. In the unrotated case, this nerely
subtracts 0 fromY. Likew se, when we advance in Y, we add AY to X and AX
to Y. W& can do t TFri-linedsdnteipeiationyequiseseaedingr velugs flomythel ildokup rtapleh pndo@refeipo des. The
addr ess "§enqrearnterpoidiens (kR iraekst difAlion 2 A sehd, And | AireitinG). ABSHrédisA cirfde DY

sof tvare, afgh,g0nk neindible'Bies SABHnG ul Jele s 5RPEBls, 1 © MOVEMTENL N Vin

ker nel space. e address genéracf on ?d’gl c IS shown in the foll ow ng

pseudocode:  Col urfiesBel e ok @%{e'ﬂ&{uﬂé‘ﬂ' c%{)&‘ﬂlz ATRERRARY & the RinSbAmSRnMHeX DO

NLines tinmes (however many output lines there are to process) Kernel X .

Col unmKer nerefomeanded size for egsh (aplp Rdhisaaplivationis hox 172617 ithessh @imBpilst A Pixddlx 15
MAR 2004 WO1DthbI 6 318 bites (ess tanskKBer nel X + DeltaY Kernel Y KernelY + DeltaX
Generate Pixel Kernel X = Kernel X + DeltaY KernelY = KernelY + DeltaX - 68
(novenent in YY) (Teolodesint the fV-pej-diensioe tablas. therB-bit)inp(traolprgempeneity ary yreated as

PCT/ AUOOI50 1 @ved-péistmeriber£[Ria) Ghe Hbitkof inBdeXgive thd Intis¥Ndra tHael bifs df flatoh arX ubsdiaare ment
in X) Kernely = fal umKernel Y - DeltaY (nmovenent in X) EndDo Col ummKer nel Y
= Col umKer neler' + Del taX (novenent in Y) Col umKernel X = Col umKer nel X +
Del taY (nov nt As shown in the pseudocode, the generation of
3 pixels ocg'g?s 1‘5 SBtprE{e}gPoAssoci ated with 10 the generation of each pi xel

iGZ 2 afldip_ti olns, V\/fﬂemdﬁﬁFbsi]@loﬂ@fdﬁ)@id@ﬁﬂd\dhﬁ&%ﬂﬂ:sfﬁatﬁb@tﬁgﬂﬁt&ﬁozlé;éd t&hiﬁfﬂnal print
nerat erl X e .. EAC per | XEe as IS cycl es,
consi sting g °I§f%§§¥s %?es'jrs‘%?t(':ﬁ%e?aﬁ"%g?ibﬁ%g'f"ﬁ'és' ¥rnel via Kernel x

(coefficients O, Amough it certdiy poBiiirho BMinéharif WieldoRteltadBX L0 (1:5R bb® Mk yVi a
Ker nel Yz(ocog.f fici Not e that all

s 0 - fol | owed by 9 it cycles.
Val s e gEernheatiantenpt wihistve e eotine. TrgJesBpe it 3 el
updat i ng of levélSivgn thatthercoptenra 6P0 dphiesuttsswith bectumert ipta dithered bitirvel doks thepscugasnelr at i on
of Bijfferdl bKIIR€R infod6lation frond. 62021pid)1600 dpiwilPad Be wisibid b Mmédium FE&'b]?.ﬁﬁ\ vi‘aﬁ&ﬁo}!erﬂtl‘t flfigs
sinply indig¢at : i i nates for the 15 kerne
wr apped dur ?‘%&g?#é%g?xeelg{ﬂ'%a@glﬁug‘%rg&g{%&ﬁw%darg{ouﬁéhg can be either above 1
or below O, but the result Is always positive. The two carry out bits are
al so sent to the Rotatel WilteBal ance/ RangeExpansi on Unit for use in
determning the relative input lines fromthe Inage. 10.2.10.5 Address
Generatign fo I . . f . ich
consi st sﬁof ’aﬁﬁ%&?&’i‘ﬁf ai ﬁ%&%ﬁﬁﬁéﬁiﬁ%ﬁ&&%ﬁ%ﬁiﬁéﬁ g:%‘?iéﬁﬂ one
for each col of"f5hemyeoses pigisdocyygtf er can either be read fromor witten to
during each cycle. L - MN(R G B) + MAX(R, G B) 2 The readi ng process of
75 cycles is broken down Into 3 sets of 25 cycles, one set of 25 cycles for
t he generation of each pixel. Each 25 cycle set involves 16 reads from
Buffer 1 followed by 9 cycles with no access. Buffer 1 is witten to during
these 9 cycles. The 16 reads fromBuffer 1 114 are effectively 4 sets of 4
reads, and coincide with 4 groups of 4 reads to the kernel for each color
pl ane. 25 1 5 MAR 2004 WD 01/20548




PCT/ AU00O/ 01074 -69The address generation then, Involves generating 16
addresses for calculating the first pixel (followed by 9 wait cycl elggM 2004
generating 16 addresses for cal culating the second pixel (followed é\ﬁ
wait cycles), and finally generating the 16 addresses for the third pixel
(followed by 9 wait cycles). Each color plane has its own starting Buffers
address parwgei/pes. As the 3 sets of 16 addresses are genauenresf or each of
the 1280 positions along the line, and as the sanpler advances 5 from one

| i ne of 1280 sanples to the next, the two carry out bits fromthe Kenel
Address Generation Unit are used to update these Buffer 1 address
paraneters. 10.2.10.6 G een buffer 148 Address generation for the green
sub-buffer 146 within Buffer 1 114 is n®-e conplicated than the red

sub-buffer 145 anﬁx@teHﬁ:a@HQ ntBUfrfvﬁ%s Ieifg b Sihg!d Wibl 4Rd ﬁhwfgﬁ%ﬁ @ Value b Elagbreen
channel repres nate |i es

consi st of 88&%)‘&"5 W@Weﬁ?&?f°asg'ﬂ'ﬂ/"9mf'égp'xe§s @1 g'f’?%gee? eriw RS SAETs M nust
ef f ect i vel y resyt raayeppaaeblediy Autgingrche tixels 2 to)bayqitaered, th°t°F‘@r'é'hatrtEﬁ ms@@“% many
green pi xel gevél baitakexsl tr@rcoMbrid@alfs. Xl pfocesrasheWplin AMgured@ans t he readi ng of nore
sanples In the sanme anount of tine - there are still 16 sanples read to
gener at e eaah.9pi xelftonaegredi um res space, but there is a higher likelihood
of advancing the buffer each time. The exact |ikelihood depends on the
scal e factor usedTheHoinksedr2, Is il capatieofonting dots if a bisavel dashloRAN must therefprel | cal

buffer is U%aﬁeﬁmttmnt&rm :&5drmhadm image)Rord ERBifcafi e hwutﬁa.gp&s@ dét8 entry
RAMwith a lo%greg gt lheratrler aa aglc d%er ceﬁ n(\)/mn aﬂec%gtgnew l%' e rﬂgﬁgrthgl% Eu' es The

rel ati onshi ween ress and 7 oqgl posi gure
57. The sanﬂ’k\,’émqgﬂ Buffer 1 146 repr esent a checkerboard pattern |n the
CFA. Consequently sanpl £s In ro dresses 0

65) may represent "EEPJP 't?b?‘?mﬁ'?ek"é'f’%'s °§f@°§%ﬁ&a' cugﬁ"ttp?f3'°'?:'l']|:h]”élh't°r fﬁ"ﬁg i t hi n
the entire ithedgbi contare Wetsmﬂtedhammdlthqﬁeeﬂivﬂtagen Putryt hikob his genewted (Pthppwise)
degrees or RAbutpul Bit & 0 i§ gdnlefatsd ! ThR loBiBut ibib witieGentuglly B8 serlbBE FHABBAd dd cobteia Wwe Nap
A kST sRle Rf1c el PR v ob e Bt UpfRed MRS B b Ll Sk O 1
interpretatio ere are two

addr essi ng) “ﬂ'@f?é?fdlgl’fﬂ‘@l‘?"%m@?ﬁ‘t‘@’i‘ the current line is represent ed by odd or
even pixels. This_neans that ro ergta ave the
same addressing al"°ca%e PENR" '"Eihehﬁp?hié‘sgar%" Eﬁ ?‘sgg%éﬁ' @I nce 'SY’VI% hhol d odd
25 15 MAR aﬁw&f"\mﬂ@ 2 peg B4 the ST MABIDY gate Tot. diffgrefyilings| ia theLqﬁwéml'% eyclet He odd
rows Wth i nrggridgrmé diféterdcoldrddldots affeetivbil Gives asagaetthy @i ditlger 88 even rows Wt h
i mge rotation 90 since they both hold even pixels. The decision is

summari zed | n Table M@Ptonifigybagss32n be[deerdn Fpune 31g Sanpl i ng Type 5

Rot ati onfsurrent Li nePi xel sTypeOEven Li ne80ddType 200dd Li ne8EvenType
190Even Li ne8EvenTipp#rerhthediher ref &3 derandspe “?“Y‘f? tioc g outpy Alote.fse P”ﬁg"evvl ndow
s the way wedednhea6eao dpetiats, tret call eizd sheuldbd farger than 35« 8l v sidiion, Thaliow! e dlelgr ee

rotation Is Fb@é‘seﬁéefw 16 ﬂrttcﬁthteﬁrtre\é@srgﬁéﬁrmel B1res of?h'i drtﬁesesm &b bdySeadd on
3.2.5. Assum n enerate a single

resanpl e, m@v??gﬁg?{%? ”P%‘E‘*’Baﬁ@#’%"ﬁ g&ﬁﬁvﬁb epﬂét%&e Q'&’Hﬁa ing the two types of
4x4 sanpling w ”dﬂ‘%ﬁheﬁﬁell%*lg‘@!?s%”sd: is?ek’d(;een't:ﬁ%h tJQrod’Nc& Pr&“%lrt%t%@ult@’%d%%é s

sanpling types | ook simil E%a ch the
4x4 mappi ng FEYIAOREENMRR Freh aiRe’ P divah e 'ﬁﬁ@'@ f°’|ﬁt§}ﬂ|°fe25%(bbytels fe %’?’?"éﬁeévs t he
mappi ng ff t1HKBLype 1 4x4 sanpling to the green sub-buffer. Only the top 7
rows and right-nost 4 colums are shown since the 4x4 sanple area is

cont ai ned W10y RefermatfotPrinter 89 ea. The mappi ng of buffer pixels to sanple
rows for the Type 2 sanplin rocess is very simlar, and can be seen in
Figure 61. 15 | n [es Tratmrigsassibeigrecheing sent to theyprintes i§jferdhedots; tp de fognalieghiglodie t her e
are two way Sorct qedecoeRig ng-tratneomthesa Dl sinugt be benRo e pdntrmadin Se ofredtppier 1

addr essi Ng i.94 idiEat § AEasdefiledhisk@by2 speaki ng) as processing rows 2 and 3 of
Type 2. Likew se, processing rows 2 and 4 of Type 1 is the sane (relatively
speaki ng) as pr oc@aeidog canmeProducadlid thd cafect'BwaeroramnMé(lwuhd upGrdrpolstd BAE GitheroW
addr essi g %tcﬁbﬂ?&n;r %’tgﬁteﬁ%ajra?tgth?&qreggrgﬁ), orlt d&%al%&ég& Jalte i1 QHcEh fidmy G Ven

a starting posr and a startlng type
20 (mrndomst3F?W??kﬁ”sﬂ%°@ﬁﬂ”ﬂ§ﬁ§¥éFﬁpP ﬁ&HWB é@mﬁﬁr the 16 sanpl es by
means of an 8 entry table (for traversing the two sets of 4 sanples). Wen
we read the first sanple value we add an offset fromthe table to arrive at
t he next sanmple position. The offset wlll depend on the type (AL B=0, 1
). The offset fromthe fourth sanple Is the anpbunt needed to arrive at the
first sanple point for the next line (and nust take account of the nunber
of sanple columms). After generating each row of 4 sanples, we swap between
TypeA and TypeB The Iogrc for generatrng the addresses for a srngle set of

A~ o - o — e~



-71 Do 4 times For N =0 to 4 Fetch Adr Adr . /Adr + Tabl el TypeAB, N]) nod
78 EndFOr PCT/ AU00/ 01074 TypeAB = NOT TypeAH 5 EndDo The | ookup t abl®eMAR 2004
consists of 8 entries - 4 for Type A 170, and 4 for Type B 171 address
of fset generation. The offsets are all relative to the current sanple
position (Aar). Table 33. O fset Values for 18-Sanple Address C3eneratl on
Type ABNO f s9b 012644400110214033710111141211337 15 At t he penduaioid7ine 16 reads,
the TypeAS bit will be the sanme as the original value (loaded from
W ndowSt art Type). Reading a single set of 16..sanples'is not enough. Three
sets of 16 sanples nust be read (representing 3 different positions In Y in
unrotated I nput space}. At the end of the first and second set of 16
sanpl es, the kernel positions are updat®d by the kernel address generator.
The carry bits fragobbi ouppeatin 86 &nits M6 plrthestd bytieMenieif@Mack @5, t he next set
of 16 sanples. The two carry bits Index into a table containing an offset
and a 1-bit 4f | ag.cplheoREAND MEMORYdDed to the w naowstartndr, and the flag
is 20 used to determ ne whether or not to Invert w naowstartT~. pe. The
val ues for #he tagp@cagergshown I n Tabl e 34. Table 34. Updating
W ndowSt art Adr and W ndowSt art Type Kernel X CanyQut Kernel Y Carryout O fset’
Ty D?OOON;) changeOfnbl Fores ihdotbbrbled v &inipRidra-bimtraliBreCraLcore hbto Wr&%%e\ﬁ&@l{( 2084|8
PCT/ AU00/ 01 7 t.hi : erne
posi t1 on a?%P?“aepa*ﬁ%@@im%ﬁﬁ%%%&f@%?"datﬁséfﬂ’e"iﬁéﬂﬁ%‘“f%@?&?@%ﬁ@%@%{% nput
space. Thi s 9¢tiepracluding dferuserrintasipcenf)vjdg yarigly FbERY eoresiaee syabiaiftean be 8y RPCBRs?'f er ent
of f set / Type AGe witid suffigiem gprocesisihgepawsr ta perdbrm the remwirdaiicidalidnst éné sentroif firstisng fasto t he
current W Napuieh B rerd3hsuiad edfectaRfg ause that represents a position two
novenents in Y away fromwhere we want to start the npaenent. Consequently
we | oad wi ndowst asihddall ofithélimapeproossdingris deyforened byomadiamad Haeiwa®ethe OPU dassinatb| es:
Topstart Aar hmq%aag&tp%mqrammem% 856 Br 03 IxtfelPBly &Wﬁﬁo@wer ¥misPod ierfobigh €Nt
The two s fromthe rn

i ne of 1280. carrz/_ out tlag ro _Ke '{E{ﬂ addrﬁgsgger]erator are
used to | ookUP" FABPRPeIECIY JUrtia f BIM{HFSIPRE MB1F BH™e: BN FBSTOPRERe A and
whet her 1@r mgtable core ing Bhilips G2 Biceoraomtypies runpiing b atfouyidMHz he addition is nmodul o 78
(the size of the ?reen RAM. The results-are copied to w ndowstartAdr and
wi naowst art' rype fhsre isgenqed tayaaiaim intiygfiop met continuyity hetwqen diffgrent Penteagypedels.  Tabl e
35. Updat i n@iféepdcaichifdbsigasnthy bofaSicated byydjfereteramddchiretSawithya rdaklangnelicahs&arr r yout
O fset’ TypalPROEPG «58ahe 8Qike hidpéidehck Aldksehi LdnbdNRk SNRBOR naf §cBimed in
processi ng th} 12‘3?,%t sﬁw of 3 sets of 16 sanples, the next |ine of 1280
begi ns. HowdP&F PHE MO dPLss of the first sanple for position O within the
next |ine must be ] ' t AR I Lpto the
correct places i nA%§#|¥Jé’[aIt€$g%§E§%%§IF?A@{/s staﬁsan?%g%ﬁgi@%ﬁéfgt%ﬂgﬂﬁémsane

posi tiomsi n Buf f efle diu R-col@iichRE (vkthe &RER uRIE WitiPHIEFACH B ABNRmERHabHRA /.
poai ti onoAar

. ver we nust ry .about ich_t deal ing with,
B hce the. ¢ TR ARG eodt® nit B optle I o bunkPecatobl o Bl Sl o
initial aosithatrtisUaryp TRiFINQUdesTiRserighand padlal Befa¢espendi ng on the cant' out
flags fromthe kernel address generator..Since we are noving in unrotated Y
i nput space®% he TRASREMBOMY s 't he same as for updating wi naowstartype,
except that it is,perfornmed. o i,ti.0no~r in T ew val ue for
poei ti onoType Is éSBF"];'QW\'aﬁ’{ e 8§§'ts1§t}“t' / 8r,a'\égﬁt8 t%%]c%gad\hg?ea@agzre dte%e%gseﬁi n
sanpl i ng of We{EUrchesgn bﬁG%quldi"@r'?°6'Pr°t“ﬁé1$/1 line. 20 The sanpling process for
a given 27928(21:£osi tion |line cannot begin until there are enough entries in
Buffer 1, plidted PRRORAMBAMYe Rot at el Wi t eBal ance/ RangeExpansi on Unlt. This

wi |l occur 128 cycles after th rt of each new.ljn ee Section 10.2.11
075530, 7 ped” Eees 1 s e SEirea B s EEEtyaled e oS B BcgineB R oxtt

sub- buf f er Tdde depsenot hayp toymenipRath/images; theredsinonsedipte latgp scrigelf dres: She RAM $izebuf f er
IS 30 byt es, deftrlis dhtfe OPU E@kehae.q. RlabiURGRERLMs, Qbrofiing EaMBg cadéfions OrBjisidrBizédg 6 25

?Et lr:: Szr eTE%FC()%U%Lm%OB%%QB%}g@%/lélgddr ess and | ogical position is shown

25



PCT/ AU0O0O/ 01074 -73For red and blue, the first 16 sanples to be read are

al ways the top 4x4 entries. The renaining two colums of sanples areg MaR 2004
accessed by the reading algorithmat this stage. The address generation for
these first 16 sanples Is sinply a starting position (in this case 0)

foll owed by .16 steps of addition nodulo 36, as shown in the foll ow ng
pseudocode: wébRoasSt art ADR 5 Do 4 tinmes Do 4 tinmes ADRpeTABR/Ge7® MOD 36 End
Do ADR = ADR + 13 MOD 36 End Do 10 However, this address generation
mechanismis different fromthe green channel. Rather than design two
addressing mechanisns, it is possible to apply the green addressing schene
to the red and blue channels, and sinply use different values in the

tabl es. This reduces design conpl exity:3TFhe only difference then, becones

t he additi on4npdwdry MémoryDEbces® 16¢f addi ti on nodul o 78. This can be catered
for by a sinple multiplexor. Looking at the various address generation

tabl es for hgreen,Tham_Ii’UO\dHﬂﬁ'rydREc:ldagistmemnﬂs detpdr Foe ShtibfAng Gl @ittackdsti, Tret | 3
apparent t r an
ho bl L. 1505 pielefodifdBtel iy FRR CPiooiel Rnos Y108 el BRad 700
saf el y i gnof Herrierersligws foraramery mapred VR g7 RAFUEOIASi val ent of Table 33, shown in
Tabl e 36, has two _sets of ldentical 4 entries. Table 38. O fset Values for
18- Sanpl e Addr es COMMUNMICATION INRERFASER) 20

TypeABNO f set 006D1602603131061161261313 As with green address generati on,
We nove twi g‘é in%%oéﬁ"t'ﬁ"@c’&m%f’?ﬂﬂ‘g"to the next entry of 1280. For red and

blue there is no | i ng between novenent jn kernel space and npvenent in
the 25 | nput spac@'?:sql sé%&”?@%"@%"%om%"gﬁ? {°(r4}?.'"t?5&a?%' FPRedibHs B TheligBey of 0o
i s added t ose@raw|scontrgiied bi ge GEH 18.dWHe sesigl Rya qlowa thednansfen ofdmeges terand Gor@ the0. 4 on
page 69). ABrintcaiheshd lallows IDROF (GiditalyPrigtubirder FerimatiKrintk) of trabisfelred PAMEY under bxtem&AR 2004
WO 01/ 20S48 R}/ AUO0/ 01074 - 74be set. Looking at Table 34, the only

possi bl e occurrences are xernel x/ xernel Y values of 00 or 01. In the case of

00, the gr egn solax cmP semalNTERP2G9 t O ei ther WndowStart Adr or
W ndowsSt'8rt Type, so this is correct for red and blue also. In the case of

8\3-, dWeWS}[NanE t o adwhisls tTNﬁ)sthﬂdQM@bﬁBEﬁﬁlrpfrts?-m?éiféa'totthe(}ﬁiérfﬁal la*imbw-spge% bus 18. 4 and
ndowsSt ar r can af e r.red an
Bl e, The whPag - gRidtortbiiong AR ¢ ek & Gl 88 i VontFens BELRI | ng
in an over| DG HBP%t case as shown In f=figure 65. 5 At the end of the
third set obf 16 senjiedt chafazadies t aar and Topstart~rype nust be updat ed.
Since we arg novi i i ~Y=0 to xerneiY), the carry out from
xernelY wll al \Na&gu"]lggheéﬁcg%%dgéejﬂépgﬁlﬂge equi val ent of Table 35 is shown here
in Tabl e 37° Not el"adk 4w ampyst of pprer piipledgnggeadest pawprintselywbhen tirgre is insuffidestrapaipor t ant
for Red18r Bl ue. tdprdnktbe ®questelpptatformgt. TopSt ant Adr and TopStart Type (Redl Bl uej
10 Kernel X Carryout Kernel Y Carryout O fset'00001108L1 ~1 - ~ -fl- The
process of advanciPAdpapandenhgying tvg pads isfto copERGt tg betk the fon-gamsiad@l Ship pandiethaext i s
the same asprinobirgneetip 5 Jdig sfhadielined MhéaNo Qi dhips e infplemesietyBs AltBéntidaéh dhipg St set
of 16 sanpl g f My & hiY Fb Is! &, Qpc(ﬂﬁhtpl'irﬁ’%]faﬁifnuf_a'\ctgrer]c wuldrl.ﬁ% %%%H&L onand
Type Is irrel evant, neration of the next Tine cannot ggl n GAETT ther e
are enough T8RP n  Bufferl . Red and blue generation nust start at the
same tine a;f g/re%n eneration, so cannot begin until 128 cycles after the
start of a Mew | ITABTRRUELALNRS 10 2. 11 ). 10.2.11 Rotate, Wite Bal ance

and Range Expansi task o oadi fferl 114 fromthe

| mage RAM 11 i_nvo%%é&% _ﬁgg‘g’f@%‘s"g%m"r‘"ét'%?‘?’%ﬁ% fip 5y e t@laél °&R€%’E"’"§r¥&i°’?‘3‘l?&e
expansi on 1%quired, for maiataining, g bes) passible pes, quplity, and jepilepenter ypingamAuthenticption pi xe| s
nmust be pr oChirlddrhk 256 lBsibfidata dre hlimedtedaniays: f or t heir use by the Resanpling
process 112. This nmeans 20 that during a single group of 75 cycles, this
unit nust be able tortteld:Prip meé@.b'ta%a store 6 red pixels, 6 blue pixels,

and 13 green piX@faf. | TREesWt | ONal rotati qRegif, i S undertaken by reading

pi xel s In the approptiateort arver—prxet—has—been read fromthe
appropriate pl ;Lgp Ln %ﬁi Imqusfgﬁgé&gfﬂlg‘qs%%a] bifs), white balanced and its

val ue adjusted|dccor fR¥g to }$REanumReE('BRIBANSI on cal cul ation |defined in
Section 3.2.4. [*he pBRess s| Badhyurnber@Bbisys a si ngl e subtractfion (floor 0),
and a multiply (255 ceiling), both against color specific constants. The
structure of this unit is shown in Figure 66. 25




15 MAR 2004 WD 01/ 20548 PCT/ AU0O0O/ 01074 -75The red, green and blue | ow
threshol ds 72, together with the red, green, and blue scale factors ﬁgi %ﬂ?
determ ned by the CPU 10 after generating the histograns for each cbh R

pl ane via the Image H stogramunit 8 (see Section 9). Dependi ng on whet her
the current pixel being processed in the pipeline is red, green, or blue,

t he approprwebskaw t hreshol d and scal e factor |Is nultipplraxeshiawt o t he
subtract unit and multiply unit, with 5 the output witten to the
appropriate color plane in Buffer 1. The Subtract unit 172 subtracts the
8-bit low Threshold value fromthe 8-bit | mage RAM pi xel val ue, and has a
floor of 0. The 8-bit result Is passed on to the specialized 8 x 8 multiply
unit, which nultiplies the 8-bit value-¥ the 8-bit scale factor (8 bits of
fraction, Int eger—l )ramm yﬂ.ttm,tzapma.qwor ts of the resuIt are kept and
represent B bitsTof—mteger—and—2—brts—of—fracttron—Fhermuttq plier 174 has
aresult ceilingMyl 25%Hccesy if any bit hi Beseriptiohan bit 7 woul d have been
set as a result{3of theobulti pngarmtuanlng"mmm(asalta)t i nt eger res ult is set to 1
s, and the fraqonaliggart S¢ bya‘n%k‘ﬂrope‘r%s’(ﬁ%%ﬁ&) fromthe—subtTRction unit 172

and nul tiply urigt "’“RQtt‘.e jorrty |nth|s unit is perforned by
t he Address Generatof—t5—w A "f" y—the—state—rafhi ne for the
unit. The addreds genBPatio Nggeﬁ%\}’érpﬁg?ifra&(la B 1 factors on f given cycle,

only one”access nB9mde 10 the | nage RAM 11) and on_a_giyen cycle, only
one” access can |e_madBOt o Buf ¥elew ink prepprtiesf32pi 75 avai | abl e fycles, 3 sets
of 16 cycles ar@ use@RPor reading Buffer 1. The actual usage|is 3 sets of
25 cycles,.wth1882rerds fol | esatlrékpshsiomE b (48yis) €S. That grves a total of
27 availabl e cyGhRS TRD 25 I REfadm bils, difidFbnt Redih Bip (4®0i] €M)~ [hi s neans the
two constraints f—thetrmngof —tthe—wt+tes—to Bufferl

coinci de with 15%t1& WAt t cycles of the Resanpler 112. 10.2.11.1 Address
Generation for BBfFeEPRE"GWe the resanpl | ng process is running, we are only

concerned i th wraddDgho ginEHE Lrﬁittogttrgtm?atnms RS, MRy R SRR RS 112

is not radi ”ﬂ romit Bach 75
cycle peri off,enugR fo5 the currenty "tP?‘éfle%E""é\PHF?‘aﬁf‘FbeaF'bP"“t/\P“lstsfaﬁ?f theyeaunt RlPapEs anpl er
i S not runniemginingyushbendecreneriteddarcthapinBeifsf@y chiphg thb 8BY. as possi bl e, whi ch neans
a wite to Bufferl 114 each cycle. Address 20 Ceneration for Buffed
consequent | §3r unPABRELERINIERFACE rachi ne that takes these two cases into
account. \Wenever_a value is | oaded from|mgeRAM 11, the adjusted value is
witten to the apPrappleHbterace$ eopnects hBRCP 8 torindiidual siptiq electrieg) signals. XHelERIS is

Gener ati on &ie to Baritrél@ach of these edrdédtions By Mbriasmappsd VEViEtheldwHsss bus OB Sictiohor each
of the red, 4b;°p,e°,ggga,gg,egg}n§9ma Mifggrs. The initial address for Rea-rar,

Hi uer~dr15and oreenAdr is at the start of each line in each case, and
after each wite TaﬁleBllﬁtfo@iE*\econﬁé&ﬁ)nﬁddfe@sﬁlle\ Pefeeents by 1, with wapping at
36 or 78, depending on whether the buffer being witten to is red, green or
blue. Not all col orsTaie!4Gonapqtionasn ParalighIntesfags c| e period. A col umm of green
will typically|require shing at the r off red or blue, for
exanpl e. 15 .".’l-;\';’ e’r’Q‘;‘ (‘IS@EU%HZ 8548—Pg .bmcg',su ﬁbg logic is shown in
the fol l owi ng peoudocefs’ i Wite to Red Huf ferl
at RedAdr RedAJCULOMRemOlAy + 1 nnd 36 FP%e 5 if lthe colod to wite ie Bl ue
Wite to Bl ue BiPReMost Bl ueAdr Bl ueAd?"t= BlueAdr + 1 m}d 36 Else If the
color t@owite|iCerriigselenodfite to GeegnPBufferl [t G eenfdr G eenAdr .

G eenAdr + 1 mpd@lastBriggad| f 10 10. 2. 11.[20Addr ess |Generati1 gn for | mge RAM
Each pl ane can [B&tus€8d sdgmeRidvefdl [ WO Ofdtentati gns - rot qted by 0 or 90

degrees (anti C'WWF&R eff eu|4ve1 Yy &S |r oW W se or

col um-w se recu,_.,a&Y s 0 tTepianar jHrege—t ade+-++of, we al | ow edge

pi xel replicatitg s coRStant—eeher fel’ reads mx‘c'de Aage bounds, as wel |l
as i mage w appi Ps_as Paddpart 31| 15 At the start of

each print line we nust read the | magef¥11 td%oad up|Bufferl 114" ~as
fast as possible. This equates to a single access to a sanple each cycle.
Resanpl lbgg can only occur once 5 colums have been | oaded, which nmeans 5
colums.of 6, 6, and 13 sanples, for a total of 125 cycles. Plus an extra
cycle for the final value to be witten out to Bufferl 114 after being

| oaded from | nageRAM 11. To nmeke the counting easier, we round up to 128
cycles. After the first 128 cycles, the checking for the requirenent to

| oad the next colum of sanples for each of the 3 colors occurs each 75
cycles, with the appropriate sanples | oaded during the 20 subsequent 75
cycles. However, the initial setting of whether to |oad during the first
set of 75 cycles is always 1 for each color. This enables the final 6th
col um of each col or mnthrn Buffer 1 to be frlled At the end of each 75
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Note that since we use (0, 0) as the start of coordinate generation,

MaxPi xel and MaxLine are al so pixel and |line counts. However, si nce AL f5s
generation is run fromkernel carry outs and AdvancelLi ne pul ses fromthe
MIl 15, these outer bounds are not required. Address generation for a |line
sinply continues until the AdvanceLine pulse is received, and may | nvol ve
edge repli ogbopiasssconst ant colors for out of bounds, omrcirxeg1EXel
wrapping. If we have an address, Aar, of the current sanple, and want to
nove to the next sanple, 10 either on the next line or on the sane line,
the sanple's coordinate wlll change as expected, but the way in which the
addr ess changes depends on whether we are w appi ng around the active inmage,
and rnust produce edge pixel replication3sen needed. Wien there is no

wr appi ng of sighe | jfaganteresoe @l | pPrint formats except Passport 31 ), we
performthe actions in Table 38 as we advance in line or pixel. To rotate

fig LW&E_G by ?OngﬂFs@@@m J:rh@(mﬁelﬁhc&dnrmw) RIOAURS 7 iRciudbd IN e TE 3!?J)r>ié|%hngVa| ues.
ooki ng at Table ; i e t. ~ . en
pi xe1 Sense PPeyes Biess B clbiond M el Pyl SbglAEn Ay REL G 10t
si npl e rul edBuiildp Spif Test)ged fungtional blesk isglatpa- 44 92’8’I“°5|dé’6[“?°/e§'t‘ihlﬁrﬂr°ad} agYRISY, i f a
const ant coloadrallichip @&Rg tiedinf. or out of bounds coordi nates, that val ue can be
selected in instead of the value stored at the appropriate address. 20 25
15 MAR 2604 éWD O LIMAGEABANPET/ AUOO/ 01074 -78To al | ow wrappi ng, we sinply
conpare the previous sense (-,0,+) for Line and Pixel with the Table 38.
Actions to Perf or Theviinage RAWW Hris used to stordhe edptued iniage 62. Thé Imrage RAM & nivfitlovel|
ChangeLi ne GERaN@8rsHardal)zo Aglrtheﬁm?embmld'&‘amrtheiom hasbebr SRQRRADr = Adr +
APi xel Adr = Adr +QLi neO+Adr = r +CLi ne+- +0Adr = Adr + ePixel ++ a. W
conpar e the curr eme tétdl aRoudt d meabre reqdirediforAbd planerGediinkdr IRTE irsagel isAG00,00e bywabL i ne.
If Line < A i .he value =". 10 If ActiveStartLine s
Li ne < Actl Séé’gﬁgﬁ%tﬂyeﬁ'gagﬁggwdtgﬂgllo‘\'/véil ue "0". If ActlveEndLine s Line, we
cal| the val®ue "+R: 750xSQRESEHPLYS t he current Pixel ordinate with
ActiveSt®rt Bl xel aimdoAsdoi=3efoodbytesel . If Pixel < ActiveStartPlxel, we call
the value =", If a i s LIne < ActiveEndPi xel, we call the
value "0". I Actlég-;esg%ggoxz%o%g& |e>?el, we call the value "+". new sense..

vaen tﬂe sense i St imifR i#@ﬂeﬁﬂ}@;&ﬁé@%%ﬁ%?ﬁit.a&r%%?ﬁ#tmﬁdlrﬂaae Hietbdr&n Gt bgtt
en e ordj nate hecones e.. Novi.n 0, updat e
the Adr wit aggh’@ﬁ@ta eﬂ%ratﬂrg%gtt?g's-'éha%%gd'g déees I '}°§ar}avﬁg'rsegtnﬁa'£1d§mvavgw setgz){gii' é\gest art
addr ess f or memerydiipyskgecess thp imagepixelsyia thedmapaAcgeiMifice to 15 the start of the
next |line once the current |line has been generated, we can do the
following: Nf a MAGRGAPTUREUMITAR and the pixel sense changes fromO to
+ (indicgting we have gone past the edge of the ima(ge)g< we r&&l ace Adr with
the LineStartAdr AMimpesfiertute Usjt seofaingel Fe pgipnplfreqyirepx he imagq GrRlureGhans t he
sanme. |f a chéaesgibed i Skatior 3.1 &he lmagk Gahlere|Uninecceptsipixe! deth ain the dmdoe Senser Intesface
(I ndi cati ng ggBinkkAYe tBHED dd@Sie 4 1B6kuSEES 98 bnd Gy WARE B linddkzes REE IR@s out to
Del t aCol um Adr anp repl ace ki ne ActiveStartLine. Pixel remains
?nar forma .Tl{eﬁrgoces éﬁs own in

rom i
the same. DEPYVHEBFEHR™AS address of uieea'for generating the address 20

of (Pixel, Actlvegh EHSPE)NTEIEF?EEQB xel, ActlveEndLIne-1 ). The logic for

| oadi ng the set nunber of sanples (either 8 or 13) depending on color) is
shown in the foll gy pdoelfRit RS (1 4818 stath mbshine @Y eRds| cBiRroRArMbtioA to the

Firet Sa ePj adr_ = Fi.ret8 | eAdr Do N, t.i mes or 1 i xel Sense
Pi xel Se @e( p¢"4y}g mags ?fﬂ?°ﬁé’]§§§{%9e%°lf¥“ﬁ£§%°ﬁs“8‘t Bfe Ao g’gs"ig' %ﬁ?@%ﬁ%"&@ 1/ 20548
PCT/ AUOO/ 01 0Vust of e IRlNg fikelydo be p Eoyre icelfDaribeimage sansqr maguigcturgyiihe &Y P15l Senae
== | nAct i vel dontlofied(by INeTmagé Baptureanit SbdMdckies@ynat ant ) Sanpl e = Conat ant Col or

el se Sanple = Fetch(adr) Endlf Iine line + 1 If ((LineSenae(line) "+")
AND wr apl mage).1 adimage SshsorFobaedtt aCol uim | ine ActiveStartLine El self
((Line9enae(line) "0") AND ((ol dLineSense =_ "0")) adr . adr + DeltaLine
Endl f EndDo 10 Theltweghta vagety ofimageciansprsraresdyritable.cie dnlyregnsisanihe Beyergslor filter

Fi r at Sanpl eRimsplcFARTHS BEjer Bt SR heMEF of afiribiitds WHth a@eMheskerggener at or section
that responds to carry out flags fromthe Kenel Address Generator, as well
as AdvancelLi ne pulses fromthe MII. The logic for this part of the address
generation is shown in the foll owi ng pseudocode:



Fi rat Sanpl ePi xel = 0 FiretSanpl eLine = 0 15 Firat Sanpl eAdr .

Fi rat Li neSanpl eAdr ActiveStartAddreea count = 0 Do Forever |If 1 R 2004

((Ker nel XCar xyQut) OR (AdvancelLi ne AND Kernel YCarryQut) OR (count c %W\ B](g

N Sanples for this col or plane (see paeudocode above) Endlf ol dPi xel Senee =

Pi xel Senae( Fi r at Sanpl ePi xel ) 2~ ol dLi neSense = Li ne9enee( Fi r at Sanpl eLi ne)

| f (AdvancekonsodD Ker nel YCarryQut) count = O Firat Samprrauiongers

Firat Sanpl eLine + 1 Firet8anplePixel = 0 If ((LineSenae(FiratSanplelLine)

"+7) AND wr apl nage) FiratLi neSanpl eAdr . StartAddresa FiretSanpl eLi ne =

ActiveStartLine 25 Elaelf ((LineSenae(FiretSanpleLine) _ "0") AND

(ol dLi neSenae =_ "0")) 15 MAR 2004 WO 01/ 20548 PCT/ AUOO/ 01074 - 80

Fi rstLi neSanpl eAdr = FiretLi neSanpl eAdr3% Del taLi ne Endlf FirstSanpl eAdr =

Fi rF st Lit geSalrrpl _eAdrheEhasg%I daptr6@ by tho XMDST kst (v?h'% {akiRy1Bks) T Spumeltits RdvSaBa ePi xel

= Fi r st Sanpl_ePi x + 1 count = + 1 . _

((Pi ol Soned] .°P'§tﬂ§%{?f‘éﬁ°ea%?°x%ﬁ"3“%"@%;:‘9&ﬁlﬁ%ﬁaﬁ ponse iseias an asgect o o132,

Fi rst Li neSaMh & Reelution piH56®x {08 parpies. the mostlialyrixgl arppgeent iy tagBayer color filter

(( Pi xel Sens afrdyl (Crr),Sanpdck Pix 2@Ix9l block afr@fyd i\ 2@mpadictiFishosh Herigee 18" p. )

Fi rst9anpl eAdr ~ FirstSanpl eAdr + DeltaPixel Endif Endlf EndDo 10.2.11.3
Regi ster Summary HBasbicentonp earepleni Rh@.ror §f(corresgprsting tosred, [gegen. rand bludyespeaively) ésf or e

Eri gg [ gg 6an 10-BROote tlﬂ_cheébhaﬁﬁ otk BRIt ZoREinéiRfofnatidh abeuPbly oA of RT|G. JrBfE%tirﬁate%n idrrage
y edre i xel val ues, an

provi de a ngﬁtvhel:@lf@ééfrﬁﬁnégﬁﬁ%% p%@%hsfggthggﬁag%gs L"II!Seé’iogtt ers Required to

be set by Caller PgfcHASs &hiibtrdd9pdie sohnb bmOANE M Ghtdnt ol (FRRY SupflessRR.S

Par amaterng{)tl r’rqﬁﬁ]'l | e ?I?&Bg‘e re d‘f to replicate inmage when out of inage

bounds UseCot ST SR (N BPPReReR I a8t epl i cation or wrapping occurs on reads

out of Imag ou constant color is

ret ur ned. Regﬁgti \r)éd@txg%?féﬁrggssmhe address of red sanple (ActiveStartPi xel,

ActivesStartLine) i JRBROGSRIE L REMTheRbihd-he SRIPE REBNGL na! Rdb. |t Bnds He t hE

image in reg, sl{r)_ac'g inrel a({gl on to |l1ne \%Act | veEndLi neR‘Ep“e5 él r\%{ |l ne out

of bound® f ST HERPHEEEST 1P EETPL LI e 8 HFED- MRS B PE B Vot 1 & pi xel

f or the i mads)itp bitsofiadgreagceomg ifrom the I twhiterthe 2bits pfkable$pleatare gendratelhy)thel IRedee f i r st

pi xel out ofcapart DAis Stéd Médime b180e i n red spaceDel t aLi neRThe anount to add

to the current address to nove fromone line to the next in red

spaceDel t aPiT:8el RT$mTeMacHRE 970 add to the current address to nove from one

pi xel to the next on the sane line In red space 15 MAR 2004 10 15 20 25
WO 01/ 20548 PCT/ AU@Omanb@arture 8hit's Stat MachB® 97 fRogrates entol Rgrglsifor the Inage Bensgret by

Cal I er bef Ofiferite 105%?9133%%5&&&3%@%@%6Ehiehbe@E?ﬁ!'f&r%QﬂArMHBlﬁQ?hﬁge@ﬁﬁuﬂt to
add to the current address to nove froma pixel in the last |ine of the

Active i1sage ar eaThecodtidEsighaleenpioXtl ISI@A infdie thikilS! &1 stdrt dapturdif pixels, stop capturing
pixels etc.

The 2-bit address sent to the Lookup Table 96 matches fhe current line being read from the
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 regardless of the orientation of the
camera.

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

increment as pixels are written to each plane,

25



the Active image area In red space. .Constant Col orRRed col or value to use

i f address out of bounds and UseConstant =1G eenActiveStart AddressGThe
address of green sanple (ActiveStartPixel, ActlveStartLine) in 15 MAR 200t
| rageRAMAct i veStartLineG . The first valid line for the inmage in green space
(inrelation to |ine 0)ActiveEndLi neGrhe first |ine out of bounds for the

| mage in grwebymEeceActi veStart Pi xel GThe first valid pipgevéomiors he i mage in
green space (in relation to pixel 0)ActiveEndPi xel GThe first pixel out of
bounds for the inage in green spaceDeltalLi neGrhe anount to add to the
current address to nove fromone line to the next in green

spaceDel t aPi xel GThe anpbunt to add to the current address to nove from one
pi xel to the next on the sane line in gteen spaceDeltaCol umGThe anmpunt to
add to the eghrendegafley €ss to nove froma pixel in the last line of the
Active image area to the same pixel on the first Iine of the Active inage
area | n green sparhe.rhage Shaure Gl comtdiisranbmbet of registerel ue to use i f address out
of bounds and UseConst ant =1Bl ueActi veSt art Addr essBThe address of bl ue

sanpl e (ActiveSt art PiTakie 15. Registeypigiimpge|Gaptuse Unif | rageRAMACt i veSt art Li neBThe
first valid|li for elmageln blue sp relation to |ine

0) ' Acti veEn i&a, +he st 'h W?ggﬂlwtg" the—trage—+n—bhue
SpaceACt| Ved gﬁpng Y{—'|1§Thp N“f“bifPfR')‘E'lse?F tr\qv((nl for the | rage in—blug space (| n
rel ati on®t o] ¥pxReys 0) ARt | _,é‘iEﬁ'H?W&'é“l’%’f‘Héﬂlsf“i' image pixel qut. of boundg. for the

| mage in bl peurspBiee DRt alliRiveBTmatheivafelcneds add to the current address to
nove from opeurentRew tjd2t hg Reectrrently beingimompsadeDel t aPi xel BThe anpunt] to add to
t he current | R&R €ss [t20 NOVide Addis i Intag@RX to stobs thd T@xtRen pixadiSettigarsarre | ine in
bl ue spaceDel t aCol umBThg eddressiof red plana defore inagéeapturer Aftenimagachdptere.dhis ¢ nove from
a pixel in phe |ast |line |dpoistanwill ppinttothe byjefiertheredplan® t he sapme pixel on the
first |ine pRextthe Adtatve [T edsireas inimage RV tocstosgiherextGreenipbieltSBbp 8BHI ue col or
value to usp if addrless duaddreTs ofgseeA@8nehefpra i ey After ¥REP £28I8a| dnce and
Range Expan“i on_Pardnet er é%ﬁ?'ﬁ%ﬂ%‘%‘&'ﬂ?ﬁhﬂwﬁ rt('ﬁ;aqr??ﬂplé'l.'ﬁ‘\tr;mf ed_flromred

i nput vaﬂ)ues@"éBenLov'ﬂ’lresh"'diPél‘!SﬂI@B‘i"'t‘"‘?Paﬂi‘%‘é’k ?‘%ﬂeé'@'qatplﬁ?h F'égﬁtrr‘“Lrput

val uesBI ueLpwThr eshdl d8- b re%s?‘éw anﬁwﬁeb a%;ftr{:?b f ijjlé" s

val uesRedScgal-eFactont3-biHt —Scale E“ar*.;,e expans+en-of red

pi xel sG een cEYerEeA 8- Add’S?s;!‘i' %ef%ﬁ‘feﬂpwﬁlﬁ’ﬁ“ ?"t‘?rls range expansiod of green
pi xel sBI ueSEEYeaPdt dr2- bi [{Addressitouse fox pYSR raws LRAdPWE!S r ange expansion |of bl ue

pi xel s 15 MBv@004 2AD (1AdBBSABUsS fqp 9dd rowis) eyREPREENCES (1] Si | ver Hr ook
Resear ch, 1poe&oddut hent i cloAddmess tofisedan sddredsl/edd pife] Si | ver br ook Regear ch,
1998, Aut hen&bcat o 1Chi . whthg 4 FhIdtdnd thé 4apurd\Miiingla@meisla@ps thaimage dn has been
described w th referlence {taptepdd i witeehampitaomiicaiitby itie statelrachinepfteci at ed, by
t hose skisl | €d i n thg art | MaxBewsiof MarRirelphavebasateel i n many ot her florns. The
fol |l owi ng nunbered par agraphs provi de the addressee with a further

i ndi cation of thelnsadgien. 81 Inpee Sanseeniariaee, Srantede Ghruabeer! ’?ﬂdﬂPésl Thi gact

| nventive f eayistarseml dapuiid 60R®IMagd Sedsor Othosedat ures Wi I | al so be clear fromthe
di scl osure therein. 10 15 20 25 1 5 MAR 2004 PCPO2 -83 W claim

PCTI AUO0/ 01@7. ReamAGEACdESSSapitenber 200 1. A net hod for sharpening an

i mge, the nmethod including the steps of: receiving a data set indicative
of the image; ext MzclkmagegAcessilnit©ipeddudes tiermaeape for larfiryl 10ftp @enesshibe iepeinset ;
shar peni ng therdl i1. fthe AP 0RAIER piBIRAdHChe krgd iR InlgeRAMEM i ah@fkitd phtisiBadRe €
channel ;5pand i ncorporating the revised | um nance channel into the data
set, wherein the pikas@onibageas foeihe biirpdse dEMadeserdge (d.d @b thetuspy1706r fortsingle- pass
filtering tg'%gb Pt’o&dsﬁrllg #moea@mrﬁgaamﬁbem ﬂrawm%ag woéegmge&alp»mwce

channel ; revi se m nance channe é

initial | umsﬂ"éﬁg"@g?:ﬂ%ﬁﬁ’ewa Y3 e?ﬁﬂ‘a&"sﬁ?’éﬁé‘fag?rﬁ?%ﬁespF%%BW’P%??”H#*f‘W %1tered
| um nance clirsagese brecific tesh inagestioatied vig the WiSR)pr cailddle 21-hit Mozzihising values lade diractyact i ng
i ncl udes t heyagddaio Ré pridBleddwia ek dshModeldi the Brint Génelatepalv@a.channel from the data
set. 3. A nethod according to claim2 wherein the data set has a red pl ane,
a green plane and a blue plane and the nmethod includes the step of deriving
the initjal |um nance channel fromthe planes. ~ 5 4. A method according to
claim1 wherein the data set includes the initial |umnance channel as a
separate channel and the extracting includes the step of accessing the
initial lum nance channel. 5. A nethod according to any one of the
precedi ng clains wherein the high-pass filtering utilizes a 3 x 3

convol ution kernel. 6. A nethod according to any one of the preced(ng
clainms wherein the high-pass filtering 20 utilises a 5 x 5 convol ution
kernel. 7. A nethod according to any one of the preceding clains wherein

t he high-pass filtering

Re r\||+ houn
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utilises a 7 x 7 convolution kernel. 8. An apparatus far sharpening an

i mage, the apparatus including: input neans for receiving a data set

indi cative of the inmmge; extraction means for extracting an Initiall 15 MAR 2004
| um nance channel fromthe data set; sharpening neans for sharpening the
Initial |um nance channel to forma revised 25 | um nance channel; and
AVENDED SHEE® oiitds8l AU 15 MAR 2004 ' ' PCP02 PCT/ AUOO/petATGodRaeri ved 11
Sept enber 2d0 .g4_ processing neans for incorporating the revised | um nance
channel into the data set, wherein the sharpening neans high-pass filters
the Initial |lumnance channel to provide a filtered | um nance channel; and
forms the revised | um nance channel fromthe sumof the initial |um nance
channel and a 5 predeterm ned proportie#i-of the filtered | um nance channel

9. An appar at us aefeQinejeltcds® UAk QiigTa SraifitiiviidlackddS nidlahiah td RiAgEARINS, BRI ves
the initi al\%;{)] sma@%ﬁg&ﬂﬁgg‘g rgﬁmrég%h%tl SEhs 10- An apparatus accor di ng

to claim?9 erein as a red ane, a green plane and a bl ue
pl ane and the ext racu'amw:rmrmgﬂerd ves the initial lum nance channel from
t he pl anes. [TI—AT appgratusyaccordimyto trarm 8 wherern—thedatja set

i ncl udes the_inNemal | UniB#8nce 10 channel aBewsrletionar at e channel gnd the
extracti on plo@peAddressi vt he| Addrass tlredd unwriteimbrmgeiddhnel . 15 20 25 [AMENDED
SHEET I P AodeA{ 3 0 = Read from ImageAddress into Value.
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8k88" 9x 98/ : ¥ &temlneﬁﬁ{ow%ﬁé) RigH (o) mg:agg;%&;ﬁ%w ﬁalééquhg%malnder of the print
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a] cal] ca] ca@J]Zéa] cal] ca] caU] cal] ca] ca] ca] cal] ca] caU] cal] ca] caU] cal] ca] cal] ca
]ca] cay] c calUl caFFl FFFF GeGGHI >1 vi xI | JJKKK
K#K) K6KBKR qKK Tff’%‘f’fﬂ”’dﬂ ca] caV] ca] caU] ca] ca] caU] ca] ca] ca] caU] ca] caU] ¢
a] ca] c”a] cal ca a - ,
N o] enll o] nU T HOPERty I B iort Gasp oo B HGmarsh apsprheie A0 AR B L LSV
V~yt ni c”YScigpara BAY sy ecaqseaw]omaq'tma]hemtbwquqmymemqfcm]mawtmatotm cal] ca
WV] cal] ea] cadficpimtimds] ca] ca] ca] ca] ca] ca] ca] ca WV] caVWGWAY
ZpZszZZ) [*[I[RI T[o[q[ [[[[\\\VOV\\\
11*™{ uoi c] WB2U] c &thteMAcravEjasn BEasters 403 ca] cal] ca] cal] ca] caU] ca] caU] ca] caU] c
a] cal] ca] cal] ca] caU] cal] ca] ca] cal caU] ca] cal ca]jca* """ $ (_j_s

faza| aaaab! b%- 'B‘l{a@p}eéﬁawmtqomsmﬁ]pg@}dmde described in Section 3.2.2.1. It Is controlled

by the registers shown in Table 17.

Table 17. Registers in Image Histogram Unit

Name Bits Description
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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 characleristics) and the amount of power available
to the printhead. The typlical 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

10

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

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

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

15 Tsense. Each entry is 8 bits, and represents a fixed point value in the range of 0-4us. The process of
generating the AEnable and BEnable lines is shown in Figure 39.

The 256-byte table Is written by the CPU 10 before printing the photo. Each 8-bit pulse
duration entry in the table combines:

] Brightness settings
. Viscosity curve of ink (from the QA Chip) 5
. Rsense
20 . Wsense
. Tsense
T e Vsense

10.1.3 Dot Counts

The MJI 15 maintains a count of the number of dots of each color fired from the printhead 2.

The dot count for each color Is a 32-bit value, individually cleared under processor control. Each dot

25  count can hold a maximum coverage dot count of 69 6-inch prints, although in typical usage, the dot
count will be read and cleared after each print.
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While In the initial Printcam product, the consumable contalns both paper and ink, it is
concelvable that a different Printcam model has a replaceable ink-only consumable. The initial
Printcam product can countdown the amount of millimeters remaining of paper (stored in the QA chip §
- see Section 5.2) to know whether there Is enough paper avallable to print the desired format. There Is
- enough ink for full coverage of all supplied paper. In the alternative Printcam product, the dot counts
can be used by the CPU 10 to update the QA chip 5 in order to predict when the ink cartridge runs out
S 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 draps 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

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 respactively) are identical in structure.
10 :

10.1.4 Registers
The CPU 10 communicates with the MJI 15 via a register set. The registers allow the CPU to
parameterize a print as well as receive feedback about print progress.
The following registers are contained in the MJI:
Table 19. Memjet Interface Registers
15 Register Name Description

Print Parameters

NumTransfers The number of transfers required to load the printhead (usually 800). This
is the number of pulses on the SRClock and the number of 24-bit data
values to transfer for a given line.

PulseDuration Fixed point number to determine the duration of a single pulse on the Col-
orEnable lines. Duration range =0 - 6 ps. .

NumLines " The number of Load/Print cycles to perform.

Monitoring the Print

20 Status The Memiet Interface's Status Register

LinesRemaining The number of lines remaining to be printed. Only valid while Go=1.
Starting value is NumLines.

TransfersRemain- | The number of transfers remaining before the Printhead is considered

ing loaded for the current line. Only valid while Go=1.

SenseSegment The 8-bit value to place on the Cyan data lines during a subsequent feed-
back SenseSegSelect pulse. Only 1 of the 8 bits should be set, corre-
sponding to cne of the 8 segments.
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10%g & () -

Dmlsg z\ent )

[:\esegmen SenseSegment. IS only vall if the gedbackValid bit

Status register Is set.

o)

Rsense Read only feedback of Rsense from the last SenseSegSelect pulse sent
to segment SenseSegment. Is only valid if the FeedbackValid bit of the
Status register Is set.

Wsense Read only feedback of Wsense from the Iast SenseSegSelect pulse sent
to segment SenseSegment. Is only valid if the FeedbackValid bit of the
Status register Is set,

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

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

YDotCount Read only 32-bit count of yellow dots sent to the printhead.
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@B o 10%85&sdt NumiSiEto H&he number of times the nozzles should be fired

Set the Go bit and then wait for the.Go bit to be cleared when the print cycles have com-

pleted.

PRINT GENERATOR UNIT 99

The Print Generator Unit (PGU) 99 is an implementation of most of the Print Chain described

20 in Section 3.2, as well as providing a means of producing test patterns.

From the simplest point of view, the PGU provides the interface between the Image RAM 11

and the Memjet Interface 15, as shown In Figure 41, The PGU takes a planarized linear RGB obtained

from a CFA format captured image from the ImageRAM, and produces a 1600 dpi dithered CMY image

in real time as required by the Memjet Interface. In addition, the PGU 99 has a Test Pattern mode,

which enables the CPU 10 to specify precisely which nozzles are fired during a print. The MJI 16

provides the PGU 99 with an Advance pulse once the 24-bits have been used, and an Advanceline

25  pulse at the end of the line.
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White Balance 62

. Range Expansion 63
. Resample 64
. Sharpen 65
] Convert to CMY 66
] Up-Interpolate 67
] Halftone 68
10 . 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
the PGU 89 for reasons of accuracy and speed: accuracy, because there would be too much memory
required to hold the entire image at high accuracy, and speed, because a simple CPU 10 cannot keep

15 up with the real-time high-speed demands of the Memjet printhead 2.

The PGU 99 takes as input a variety of parameters, including RGB to CMY com)ersion
tables, constants for performing white balance and range-expansion, scale factors for resampling, and
image access parameters that allow for rotation.

The two process chalns can be seen In Figure 20. The most direct chain goes from the

Image RAM 11 to Buffer 5 via the Test Pattern Access process110. The other chain consists of §
processes, all running in parallel. The first process 111 performs Image Rotation, White Balance and

20 Range Expansion. The second process 112 performs Resampling. The third process 65 performs
sharpening, the fourth process 66 performs color conve'rsion. The final process 113 performs the up-
interpolation, halftoning, and reformatting for the printer. The processes are connected via buffers, only

a few bytes between some processes, and a few kilobytes for others.
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Green Buffer = 13 lines of 8 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
10 Buffer 5 9 | 3 x24bits

TOTAL 23,264

Apart from a number of registers, some of the processes have significant lookup tables or
memory components. These are summarized in Table 22.

Table 22. Memory requirements within PGU Processes

Unit (bsyltz:s) Composition of Requirements

15 | Rotate/ White Balance / Range 0

Expand

Resample / Convertio L 1,152 | 3 kernels, each 64x4x12-bits

Sharpen 0

Convert to CMY 14,739 | 3 conversion tables, each 17x17x17x8-bits

Uplinterpolate / Halftone / Reformat 2,500 | Dither Cell, 50x50x8-bits

Test Pattern Access 0

TOTAL 18,391

20
10.21 Test Pattern Access
The Test Pattern Access process 110 is the means by which test patterns are produced.
Under normal user circumstances, this process will not be used. It is primarily for diagnostic purposes.

The Test Pattern Access 110 reads the Image RAM 11 and passes the 8-bit values directly
to Buffer 5 118 for output to the Memjet Interface. It does not modify the 8-bit values in any way. The

data in the Image RAM 11 would be produced by the CPU 10 using the image Access Unit 9.
25
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20 Do Forever
Adr = DataStart
Remaining = DatalLength
Read Adr into Buffer 5 (0), Adr=Adr+l
Read Adr into Buffer 5 (1), Adr=Adr+l
Read Adr into Buffer 5 (2), Adr=Adr+l
Remaining = Remaining-1
if (Remaining = 0)

25 Remaining = DataLength
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10.23 Buffer 4 117

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

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

The size of the Contone Buffer is dependent on the physical distance between the nozzles
on the printhead. As dots for one color are being generated for one physical line, dots for a different
color on a different line are being generated. The net effect is that 6 different physical lines are printed
at the one time from the printer - odd and even dots from different output lines, and different lines per
color. This concept is explained and the distances are defined in Saction 2.1.1.

20 The practical upshot is that there is a given distance in high-res dots from the even cyan dots
through the magenta dots to the odd yellow dots. In order to minimize generation of RGB and hence
CMY, the medium res contone pixels that generate those high-res dots are buffered in Buffer 4.

Since the ratio of medium-res lines to high-res lines is 1:5, each medium res line is sampled
5 times in each dimension. For the purposes of buffer lines, we are only concerned with 1 dimension,
8o only consider 5 dot lines coming from a single pixel line. The distance between nozzles of different
colors Is 4-8 dots (depending on Memjet parameters). We therefore assume 8, which gives a

25 separation distance of 16 dots, or 17 dots in inclusive distance. The worst case scenario is that the 17
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the dot generation process reading from the buffer, we add an extra medium-res line per color, for a
total of 6 lines per color.

5 The contone buffer is therefore 3 colors of 6 lines, each line containing 1280 8-bit contone
values. The total memory required is 3 x 6 x 1280 = 23040 bytes (22.5 KBytes). The memory only
requires a single 8-bit read per cycle, and a single 8-bit write every 25 cycles (each contone pixel is
read 25 times). The structure of Buffer 4 is shown in Figure 45.

Buffer 4 can be implemented as single cycle double access (read and write) RAM running at
the nominal speed of the printhead dot generation process, or can be implemented as RAM running 4%
faster with only a single read or write access per cycle.

10
Buffer 4 is set to white (all 0) before the start of the print process.
10.2.4 Upinterpolate, Halftone, and Reformat For Printer
Although the Up-Interpolate, Halftone, and Reformat For Printer tasks 113 are defined as
separate tasks by Section 3.2.8, Section 3.2.9 and Section 3.2.10 respectively, they are implemented
as a single process in the hardware implementation of the PCP 3.
15 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 Memjet Interface 15 for subsequent
output to the printhead via Buffer 5 118. The 24 output bits are generated 1 bit at a time, and sent to the
24-bit shift register in Buffer 5 118. °

The control of this process occurs from the Advance and AdvanceLine signals from the MJI

15. When the UHRU 113 starts up, and after each AdvanceLine pulse, 24 bits are produced, and are

20 clocked into the 24-bit shift register of Buffer & by a ShiftWriteEnable signal. After the 24th bit has been

clocked in, a TransferWriteEnable pulse is given, and the next 24 bits are generated. After this, the

UHRU 113 waits for the Advance pulse from the MJI. When the Advance pulse arrives, the

TransferWriteEnable pulse is given to Buffer 5 118, and the next 24 bits are calculated before waiting

again. In practice, once the first Advance pulse is given, synchronization has occurred and future
Advance pulses will accur every 24 cycles thereafter.

The Uplinterpolate, Halftone and Reformat process can be seen In Figure 46.
25
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git@ /@r@/&ree ted i‘b% b/lmig(usd Cgmparator 120 determined by the Address Generator State
Machine 122, which ensures that the addresses into the 1280-res image match the segment-oriented
order required for the printhead. The Address Generator State Machine 122 therefore undertakes the
Up-Interpolation and Reformatting for Printer tasks. Rather than simply access an entire line at a time
at high resolution, and then reformat the line according to the printer lookup requirements (as described

in Section 3.2.10), the reformatting is achieved by the appropriate addressing of the contone buffer

(Buffer 4) 117, and ensuring that the comparator 120 uses the correct lookup from the dither cell 121 to

10

15

20

25

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 pasition 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 3.2.8, the same position in the dither cell can be used for different colors due to the fact that
different lines are being generated at the same time for each of the colors. The addressing for the dither
cell is therefore quite simple. We start at a particular row in the Staggered Dither cell (e.g. row 0). The
first dither cell entry used is Entry 0. We use that entry 24 times (24 cycles) to generate the 3 colors for
all 8 segments, and then advance to Entry 1 of row 0. After Entry 49, we revert back to Entry 0. This
continues for all 19,200 cycles in order to generate all 19,200 dots. The Halftone Unit then stops and
waits for the AdvanceLine pulse which causes the address generator to advance to the next row in the
dither cell.

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
from pixel 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 pixels. Figure 25 shows a simple dither cell 93, and
how to map it to a staggered dither cell 121 of the same size. Note that for determining the “oddness” of
a given position, we number the pixels in a given row 0, 1, 2 etc.

The 8-bit value from Buffer 4 117 is compared (unsigned) to the 8-bit value from the
Staggered Dither Cell 121. If the Buffer 4 pixel value is greater than or equal to the dither cell value, a
“4" bit is output to the shift registar of Buffer 5 118. Otherwise a “0” bit is output to the shift register of
Buffer 5.

in order to halftone 19,200 contone pixels, 19,200 contone pixels must be read in. The
Address Generator Unit 122 performs this task, generating the addresses Into Buffer 4 117, effectively
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dimension. The resultant values will then be as shown in Second Line column in Table 25, Note that 5:4

+ 1 = 0.0 since there are only 6 buffer lines.

Table 25. Example Inital Setup and Second Line Values for the § Buffer Line Reglsters

First Line Second Line
Name Calculation Value Buff Value Buff

CyanEven Initial Position 0:0 0 0:1 0
CyanOdd CyanEven+0:1 0:1 0 0;2 0
MagentaEven CyanOdd+1:3 (8) 1:4 1 2.0 2
MagentaOdd MagentaEven+0:1 2.0 2 2:1 2
YellowEven MagentaOdd+1:3 (8) 3:3 3 3.4 3
YellowOdd YellowEven+0:1 3.4 3 4.0 4

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 s divisible exactly by 5, we only need use the

integer portion of the 3 Pixel Address counters. We generate the 8 addresses for the even cyan pixels,

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

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

Table 26. Address Generation for Reading Buffer 4

# 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 += 180 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)

4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4 (cyan)

5 CyanEven:P_ADR P_ADR += 160 Advance to segment 5 (cyan)

6 CyanEven.P_ADR P_ADR += 160 Advance to segment 6 (cyan)

7 CyanEven.P_ADR P_ADR += 160 Advance to segment 7 (cyan)
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)#1090& ()-' & )#1099& ()- BBBBBBBeE+ )#1090& ()- )#109%& ()- )#10%W& ()-

)#1008& ()-' &' - )#1098& ()- )#1098& ()- BBBBBBBBhL, )#10%4& ()-

) #1090 ()-' & )#1090& ()- )#10%@& ()- )#109%4& ()-' & BBBB C COOCAW=

) #1094.094.09910% 71098& ()- f53 10% & ()- )#10%& ()-'&"

) #1098 () - OC( C7TC<CQCD| [ : W= ) #1 &@AL0%84E () - @ 10% %& ()- S, 10% %& () -
S10% %& ()- s 10% %&aHiq 26. Addrosk@nsiftion Yor ReddiigiBuitel@ [ | W= ) #1 +S 10% %& ()

910% %&' () - ——STOY&{)=s +StOMy&R- s OO PR~ —F
10% 9%&' () -: SR@GHHI 2){Adgass ) # |L- 'Chigoiatiewr () -| DL- Comment
8 CyanEven:P_ADR P_ADR = Generate address for even pixel in
Magenta_P_ADR Magenta segment 0 and advance to
Magenta_P_ADR +=1 | next pixel for magenta
(mod5)
9 MagentaEven:P_ADR P_ADR += 160 " | Advance to segment 1 (magenta)
5 10 MagentaEven:P_ADR P_ADR += 160 Advance to segment 2 (magenta)
11 MagentaEven:P_ADR P_ADR += 160 Advance to segment 3 (magenta)
12 MagentaEven:P_ADR P_ADR += 160 Advance to segment 4 (magenta)
13 MagentaEven:P_ADR P_ADR += 160 Advance to segment 5 (magenta)
14 MagentaEven:P_ADR P_ADR += 160 Advance to segment 6 (magenta)
15 MagentaEven:P_ADR P_ADR += 160 Advance to segment 7 (magenta)
16 MagentaEven:P_ADR P_ADR = Generate address for even pixel in
Yellow_P_ADR Yellow segment 0 and advance to next
10 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)
21 YellowEven:P_ADR P_ADR += 160 Advance to segment 5 (yellow)
22 YellowEven:P_ADR P_ADR += 160 Advance to segment 6 (yellow)
15 23 YellowEven:P_ADR P_ADR += 160 Advance to segment 7 (yellow)
24 YellowEven:P_ADR P_ADR = Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advance to next
Cyan_P_ADR += 1 pixel for cyan
(mod5)
25 CyanOdd:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
etc.

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

20 during the address generation.

% Calculate start positions
CyanEven = 0:0

CyanOdd = CyanEven + 0:1
MagentaEven = CyanOdd + 1:3
MagentaOdd = MagentaBven + 0:1
YellowEven = MagentaOdd + 1:3

25 YellowOdd = YellowEven + 0:1
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Do 8 times
ReadBuffer4 (line=Cyan0dd, pixel=P_ADR)
20 P_ADR += 160
EndDo

P_ADR = Integer portion of Magenta_P_ADR

)
/
]

Magenta_P_Adx += 0:1
Do 8 times
ReadBuffer4 (line=MagentaOdd, pixel=P_ADR)
P_ADR += 160
EndDo
25 P_ADR = Integer portion of Yellow_P_ADR
Yellow P Adr += 0:1
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Do 8 times
ReadBuffer4 (line=YellowOdd, pixel=P_ADR)
P_ADR += 160
EndDo

% Now can advance to next “line”
CyanEven += 0:1
CyanOdd += 0:1
MagentaEven += 0:1
MagentaOdd += 0:1
YellowEven += 0:1
YellowOdd += 0:1
EndDo
EndDo

10
10.2.5 Buffer3 116

Buffer 3 is a straightforward set of 8-bit R, G, B values. These RGB values are the sharpened
medium res (1280-res) pixels generated by the Sharpen process 85, and read by the Convert to CMY
process 66.

It is not necessary to double buffer Buffer 3 116. This is because the read (Convert to CMY)
15  Process 66 only requires the RGB values for the first 39 cycles, while the write (Sharpen) process 65
takes 49 cycles before being ready to actually update the RGB values.

10.2.6 Convert to CMY 66

The conversion from RGB to CMY is performed in the medium resolution space (1280-res)
as described in Section 3.2.7.

The conversion process 66must produce the contone buffer pixels (Buffer 4) 117 at a rate
20  fast enough to keep up with the Uplinterpolate-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
to the input RGB values for more than 49 cycles, then Buffer 3 116 will require double-buffering, since

they are updataed by the Sharpening process 65 after this time.
25
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' Lowever, since we have 25 cycles to perform each tri-linear interpolation, there is no need for a fast tri-

linear Interpolation unit. Instead, 8 calls to a linear Interpolation process 130 Is more than adequate.

Address generation for indexing into the lookup tables is straightforward. We use the 4 most
significant bits of each 8-bit color component for address generation, and the 4 least significant bits of
each 8-bit color component for interpolating between values retrieved from the conversion tables. The

. addressing into the lookup table requires an adder due to the fact that the.lookup table has dimensions
of 17 rather than 16. Fortunately, multiplying a 4-bit number X by 17 is an 8-bit number XX, and

therefore does not require an adder or multiplier, and muitiplying a 4 bit number by 172 (289) Is only
slightly more complicated, requiring a single add.

Although the interpolation could be performed faster, we use a single adder to generate

10 addresses and have a single cycle interpolation unit. Consequently we are able to calculate the

interpolation for generating a single color component from RGB in 14 cycles, as shown in Table 27. The

process must be repeated 3 times in order to generate cyan, magenta, and yellow. Faster methods are
possible, but not necessary.

Table 27. Trilinear Interpolation for color conversion

Cycle | Load Effective Fetch Adjust ADR register interpolate
1 ADR = 289R
15 2 ADR = ADR +17G
3 ADR=ADR +B
4 P1 RGB ADR=ADR + 1
5 P2 RGB+1 ADR=ADR + 16
6 P1 RG+1B ADR =ADR + 1 P3=P1toP2byB
7 P2 RG+1B+1 ADR = ADR + 271
8 P1 R+1GB ADR=ADR +1 P4 =P1tc P2byB
9 P2 R+1GB+1 ADR=ADR + 16 P5=P3 to P4 by G
20 10 P1 R+1G+1B ADR=ADR +1 P3=P1toP2byB
11 P2 R+1G+1B+1
12 P4=Pi1toP2byB
13 P6=P3toP4by G
14 V=P5toP6byR
As shown in Table 27, a single ADR register and adder can be used for address generation
into the lookup tables. 6 sets of 8-bit registers can be used to hold intermediate resuits - 2 reglsters 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
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P5/P8. This is done deliberately to reduce register selection logic. In cycle 14, the “V” register 131holds

the 8-bit value finally calculated. The 8-bit result can be written to the appropriate location in Buffer 4

117during the next cycle.

A block diagram of the Convert to CMY process 66 can be seen in Figure 48.

Assuming the process is first run to generate cyan, the resultant cyan contone pixel is stored

5 into the cyan 1280-res contone buffer. The process is then run again on the same RGB input to

generate the magenta pixel. This magenta contone pixel is stored into the magenta 1280-res contone

buffer. Finally, the yellow contone pixel is generated from the same RGB input, and the resultant ysllow

pixel is stored into the yellow 1280-res contone buffer).

The address generation for writing to the contone buffer (Buffer 4) 117 is straightforward. A

single address (and accompanying ColorSelect bits) is used to write to each of the three color buifers.

The Cyan buffer is written to on cycle 15, the Magenta on cycle 30, and Yellow on cycle 45. The pixel

10

address Is incremented by 1 every 75 cycles (after all 3 colors have been written). The line being

written to increments with wrapping once every 5 Advancel.ine pulses. The order of lines being written
to is simply 0-1-2-3-4-5-0-1-2-3 etc... Thus the writes {25 x 1280 x 3) balance out with the reads (19200

x 5).

10.2.7 Buffer2115

Buffer 2 accepts the output from the Resample-‘CreateLumlnance process 112, where a

15  complete RGB and L pixel is generated for a given pixel coordinate. The output from Buffer 2 115 goes

to the Sharpen process 65, which requires a 3 x 3 set of luminance values 135 centered on the pixel

being sharpened.

Consequently, during the sharpening process 65, there Is need for access to the 3 x 3 array

of luminance values, as well as the corresponding RGB value 136for the center luminance pixel. At the

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

by the Resample-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 6 (24 entry) 8-bit RAM, with the
addressing on read and write providing the effective shifting of values. A 2-bit column counter can be

incremented with wrapping to provide a cyclical buffer, which effectively implements the equivalent of

shifting the entire buffer's data by 1 column position. The fact that we don't require the fourth column of

RGB data is not relevant, and merely uses 3 bytes at the saving of not having to implement complicated

shift and read/write logic. In a given cycle, the RAM can elther 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.
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10.28 Sharpen

The Sharpen Unit 65 performs the sharpening task described in Section 3.2.6. Since the
sharpened RGB pixels are stored into Buffer 3 116, the Sharpen Unit 65 must keep up with the Convert
to CMY process 66, which implies a complete RGB pixel must be sharpened within 75 cycles.

The sharpening process involves a highpass filter of L (a generated channel from the RGB
data and stored in Buffer 2) and adding the filtered L back into the RGB components, as described in
Table 12 within Section 3.2.6.2 on page 35. The highpass filter used Is a basic highpass filter using a
3x3 convolution kernel, as shown in Figure 50.

The high pass filter is calculated over 10 cycles. The first cycle loads the temporary register
140 with 8 times the center pixel value (the center pixel shifted left by 3 bits). The next 8 cycles subtract
the remaining 8 pixel values, with a floor of 0. Thus the entire procedure can be accomplished by an
adder. Cycle 10 invoives the multiplication of the result by a constant 141. This constant is the
representation of 1/9, but is a register to allow the amount to altered by software by some scale factor.

The total amount is then added to the R, G, and B values (with a ceiling of 255) and written to
Buffer 3 during cycles 72, 73, and 74, Calculating/writing the sharpened RGB values during the last 3
cycles of the 75 cycle set removes the need for double buffering in Buffer 3.

The structure of the Sharpen unit can be seen In Figure 51.

The adder unit 142 connected to Buffer 2 115 is a subtractor with a floor of 0. 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 scele 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 (2565 x 8 / 9).
The scale factor is 8 bits of fraction, with the high blt representing 1/8. The variable scale factor can
take account of the fact that different print formats are the result of scaling the CFA image by a different
amount (and thus the 3x3 convolution will produce correspondingly scaled results).

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

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 cyclicel nature of Buffer2. The
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3 C,L3 C=C+1

4 c, L

5 C, L3 C=C+1

10 6 C, L1

7 C, L2

8 C, L3 C=C-1

9-71 No access

72 C.R

73 C,G

74 C.B C=C-1

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

Sharpening can only begin when there have been.sufficient L and RGB pixels written to
Buffer 2 (so that the highpass filter is valid). The sharpen process must therefore stall until the Buffer 2
write process has advanced by 3 columns. '

10.2.9 Buffer1 114

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

Buffer 1 Is arranged as 3 separately addressable buffers - one for each color plane of red
145, green 1486, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 16 entries are read from each of the 3 buffers 3 times by the

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

25 depends on the scale factor and the current sub-pixe! position during resampling).
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The buffers must be wide enough so that the reading and writing can occur without

interfering with one another. During the read process, 4 pixels are read from each of 6 rows. If the scale

factor is very large (e.g. we are scaling up to Panoramic), the same input pixels can be read multiple

times (using a different kernel position for resampling). Eventually, however, the next pixels will be

required. If we are not scaling up so much, the new pixels may be required before the next pixel

generation cycle (i.e. within 75 clock cycles).

Looking at the scale factors in Table 9 and Table 11, the worst case for scaling is the

Passport format 31:

. The green plane has a A value for Passport of 1.5625, indicating that 4 locations can be con-
tained within 6 CFA pixel positions. However, each row of green samples only holds every
alternate pixel. This means that only 4 samples are required per row (worst case is 4, not 3,
due to a worst case initial position). Movement in Y indicates the requirement of an additional
sample column, making 5. Finally, an additional sample column is required for writing. This

10 gives a total of 8 samples per row. 7 rows are required for a single sample. To generate the 3
sets of RGB pixels for each x position, the maximum movement in y will be 4 rows.(3.126 = 2
x 1.5625). Movement X adds one sample row above and below. Consequently a total of 13
rows are required. For more details see Section 10.2.10.

* The red and blue planes have a A value for Passport of 0.78125, indicating that 4 locations
can be contained within 4 samples. An additional sample is required for writing while the
remaining 4 are being read. This gives a total of 5 samples per row, which Is further

15 increased to 6 samples to match the green plane (for startup purposes). 6 rows are required

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

Each sub-buffer is implemented as a RAM with decoding to read or write a single 10-bit
sample per cycle, The sub-buffers are summarized in Table 29, and consume less than 200 byles.

Table 29. Sub-Buffer Summary

Buffer Composition Bits
20 Red Buffer 6 rows x 6 samples x 10-bits 360
Blue Buffer 6 rows x 6 samples x 10-bits 360
Green Buffer 13 rows x 6 samples x 10 bits 780

TOTAL 1500

10.2.10 Resample and Create Luminance Channel

The Resample and Create Luminance Channel process 112 is responsible for generating the
RGB pixel value in medium resolution space by appropriate resampling the white-balanced and range-
expanded R, G, and B planar images, as described in Section 3.2.5 on page 28. In addition, the

25
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luminance values for the given RGB pixel, as well as the luminance values for the pixel above and

below the RGB pixel must be generated for use in the later sharpening process.

The time allowed for producing the RGB value and 3 L values Is 75 cycles. Given that L is

-simply the average of the minimum and maximum of R, G, and B for a given pixel location (see Section

3.2.6.1), we must effectively produce RGB values for 3 pixel coordinates - the pixel in question, and the

5 pixel above and below. Thus we have 75 cycles in which to calculate the 3 medium res RGB samples
and their corresponding L values.

Buffering L values (and hence RGB values) to save recalculation requires too much memory,

and in any case, we have sufficient time to generate the RGB values. Buffer 4 117 contains medium res

. pixels, but cannot be used since it holds sharpened CMY pixels (Instead of unsharpened RGB pixels).

10.2.10.1 Resampling

10 The resampling process can be seen as 3 sets of RGB generation, each of which must be
completed within 25 cycles (for.a total maximum elapsed time of 75 cycles). The process of generating
a single RGB value can in turn be seen as 3 processes performed in parallel: the calculation of R, the
calculation of G, and the calculation of B, ali for a given medium resolution pixel coordinate. The theory
for generating each of these values can be found in Section 3.2.5, but the upshot is effectively running
three image reconstruction filters, one on each channel of the image. In _the case of the PCP, we
perform Image reconstruction with 5 sample points, requiring 4 coefficients in the convolution kernel

15 (since one coefficlent is always 0 and thus the sample point is not required).

Consequently, calculation of the medium resolution R pixel is achieved by running an image '

- reconstruction filter on the R data. Calculation of the medium resolution G pixel is achieved by running

. an image reconstruction filter on the G data, and calculation of the medium resolution B pixel Is

- achleved by running-an image reconstruction filter on the B data. Although the kernels are symmatric in

X and y, they are not the same for each color plane. R and B are likely to be the same kernel due to

their similar image characteristics, but the G plane, due to the rotation required for image

20 reconstruction, must have a different kernel. The high level view of the process can be seen in Figure
53. Address generation is not shown.

The resampling process can only begin when there are enough pixels in Buffer1 for the
current pixel line being generated. This will be the case once 4 columns of data have been written to
each of the color planes In Buffer 1 114. The Resampling process 112 must stall until that time.

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

values. The final resuit is the output resampled pixel. Applying a single coefficient each cycle gives a
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generating an RGBL pixel set 24 cycles, with 1 cycle to spare (since the process must be completed

within 25 cycles).

The value for L can thus be safely written out to Buffer 2 115 in the 25th cycle. Address
generation is described below.

A single 8-bit comparator can produce 3 bits in 3 cycles, which can subsequently be used for
selecting the 2 inputs to the adder, as shown in Table 31. The division by 2 can simply be incorporated

10
in the adder.
Table 31. Selection of Min and Max based on 3 comparisons
MIN MAX R>G G>B ' R>B
R B 1 1 xa
R G 1 0 1
€] R 0 1 0
15 G B 0 1 1
B R 0 0 X
B G 1 0 0
a. Don't care state
Since the add merely adds the minimum to the maximum value, the order Is unimportant.
Consequently, of the 2 inputs to the adder, Input1 can be a cholce between R and G, while Input2 is a
choice of G and B. The logic is a minimization of the appropriate bit patterns from Table 31.
20

10.2.10.3 Address Generation for Buffer 2

The output from the Resampler is a single RGB pixel, and 3 luminance (L) pixels centered

vertically on the RGB pixe!. The 3 L values can be written to Buffer2, one each 25 cycles. The R, G, and

B values must be written after cycle 45 and before cycle 50, since the second pixel generated is the

center pixel whose RGB values must be kept. The Buffer2 address consists of a 2-bit column

component {representing which of the 4 columns Is to be written to), and a 3 bit value representing L1,

25 L2, L3, R, G, or B. The column number starts at 0 each line, and increments (with wrapping) every 75
cycles (i.e. after writing out L3).
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The method of calculating the kernel address is the same as described at the end of Section
3.2.5 on page 28. Each kernel is 1 dimensional, with 64 entries in the table. The 6 most significant bits
{truncated) of the fractional component in the current kernel space are used to index into the kemnel
coefficients table. For the first 16 cycles, the X ordinate Is used to index the kernel, while in the next 4
cycles, the Y ordinate is used. Since the kernel is symmetric, the same kernel can be used for both X
andY.

For each of the 1280 resampled values, we need to produce 3 pixels - the pixel in question
161, and the pixels above 160 and below 162 that pixel. Rather than generate a center pixel and then
move up and down from that center pixel, we generate a pixel 160 and generate the two pixels 161,
162 below it. The second pixel 161 generated is taken to be the center pixel. We then retum to the
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 positions.

Thus we have a current position in kernel space. As we advance to the next pixel in XorY in
original input space, we add appropriate delta values to these kernel coordinates. Looking at Figure 56,
we see the two cases for rotated and unrotated input space.

We consider the movement in X and Y as AX and AY, with their values dependent on the
print format, and hence the value of mps (see Section 3.2.5). For the green channe!, AX = AY = 1/2mps.
For the red and blue channels, AX = 1/mps and AY = 0. See 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 kernel. Consequently, when
we advance in X, we add AX to X and subtract AY from Y. In t'he unrotated case, this merely subtracts
0 from Y. Likewise, when we advance in Y, we add AY to X and AX to Y. We can do this because
movement in X and Y differs by 90 degrees.

The address generation for kernel lookup assumes a starting position set by software, and
20 two deltas AX and AY with respect to movement in Y in kernel space. The address generation logic is
shown in the following pseudocode:

ColumnKernelY StartKernelY

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

GeneratePixel
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1098&' ()-, K 1099@&" () -kedhelx = Kernelx + Delta¥ (movement in Y)

KernelY = KernelY + DeltaX (movement in Y¥)

Generate Pixel

KernelX = KernelX + DeltaY (movement in Y)

KernelY = KernelY + DeltaX (movement in Y)

GeneratePixel

KernelX = ColumnKernelX + DeltaX (movement in X)

KernelY = ColumnKernelY - DeltaY (movement in X)
EndDo
ColumnKernelY = ColumnKernelY + DeltaX (movement in Y)
ColumnKernelX = ColumnKernelX + DeltaY (movement in Y)

Endbo

As shown in the pseudocode, the generation of 3 pixels occurs 1280 times. Associated with

10 the generation of each pixel is 2 additions, which can be performed during the course of the

GeneratePixel 25 cycle task. Each GeneratePixel task is 25 cycles, consisting of 4 sets of 4 cycles

indexing the kernel via XKernelx (cosfficients 0, 1, 2, 3), followed by 4 cycles indexing the kernel via
KernelY (coefficients 0, 1, 2, 3), followed by 9 wait cycles.

Note that all values are positive and fractional only. The two carry outs from the updating of
the X and Y kernel values are output to the address generation of Buffer 1 (see Section 10.2.10.5 on
page 71 below). These carry out flags simply indicate whether or not the particular ordinates for the

15 kernel wrapped during the mathematical operation. Wrapping can be either above 1 or below 0, but the

result is always positive.

The two carry out bits are also sent to the Rotate/WhiteBalance/RangeExpansion Unit for
- use in determining the relative input lines from the image.

10.2.10.5 Address Generatlon for Buffer 1

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

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

cycles for the generation of each pixel. Each 25 cycle set involves 16 reads from Buffer 1 followed by 9
cycles with no access. Buffer 1 is written to during these 9 cycles. The 16 reads from Buffer 1 114 are
effactively 4 sets of 4 reads, and coincide with 4 groups of 4 reads to the kemel for each color plane.

25
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The address generation then, invalves generating 16 addresses for calculating the first pixel

(followed by 9 wait cycles), generating 16 addresses for calculating the second pixe! (followed by 9 wait
cycles), and finally generating the 16 addresses for the third pixel (followed by 9 wait cycles).

Each color plane has its own starting Buffer! address parameters. As the 3 sets of 16
addresses are generated for each of the 1280 positions along the line, and as the sampler advances
from one line of 1280 samples to the next, the two carry out bits from the Kemel Address Generation

5

Unit are used to update these Buffer 1 address parameters.

10.2.10.6 Green buffer 146
Address generation for the green sub-buffer 146 within Buffer 1 114 is more complicated

than the red sub-buffer 145 and blue sub-buffer 147 for two main reasons:

. the green channel represents a checkerboard pattern in the CFA. Alternate lines consist of
odd or even pixels only. To resample the green channel, we must effectively rotate the chan-

10 nel by 45 degrees.

. there are twice as many green pixels than red or blue pixels. Resampling means the reading
of more samples in the same amount of time - there are still 16 samples read to generate
each pixel in medium res space, but there is a higher likelihood of advancing the buffer each
time. The exact likelihood depends on the scale factor used.

However, the same concept of using a RAM as a cyclical buffer is used for the green
15 channel. The green sub-buffer Is a 78 entry RAM with a logical arrangement of 13 rows, each

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

The samples in Buffer 1 148 represent a checkerboard pattern in the CFA. Consequently,
. samples In one row (e.g. addresses 0, 13, 26, 39, 52, 65) may represent odd or even pixels, depending

on the current line within the entire image, and whether or not the image had been rotated by 90

degrees or not. This is illustrated in Figure 58.

Consequently, when we map a 4x4 sampling area onto the buffer, there are two possibilities
20

for the interpretation of the samples. As a result there are two types of addressing, depending on
whether the current line is represented by odd or even pixels. This means that even rows with image
rotation 0 will have the same addressing as odd rows with image rotation 90 since they both hold odd

25
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.70 -
pixels. Likewise, the odd rows with image rotatlon 0 will have the same addressing as even rows with
image rotation 90 since they both hald even pixels. The decision is summarized in Table 32.

Table 32. Determining Sampling Type -

Rotation Current Line Pixels Type
0 Even Line Odd Type 2
0 Odd Line Even Type 1
90 Even Line Even Type 1
90 Odd Line Odd Type 2

||l ™

The actual 4x4 sampling window Is the way we effectively rotate the buffer by 45 degrees.
The 45 degree rotation Is necessary for effective resampling, as described in Sectlon 3.2.5.

Assuming for the moment that we only need to generate a single resample, we consider the

buffer addressing by examining the two types of 4x4 sampling windows as shown in Figure 59.

10
Although the two 4x4 sampling types look similar, the difference comes from the way in

which the 4x4 mapping is represented in the planar image. Figure 60 lllustrates the mapping of the
Type 1 4x4 sampling to the green sub-buffer. Only the top 7 rows and right-most 4 columns are shown
since the 4x4 sample area is contained wholly within this area.

The mapping of buffer pixels to sample rows for the Type 2 sampling process is very similar,
and can be seen in Figure 61,

15 In both Type 1 and Type 2 addressing of the 16 samples there are two ways of processing a

row. Processing of Rows 1 and 3 of Type 1 addressing is the same (relatively speaking) as processing
rows 2 and 3 of Type 2. Likewise, processing rows 2 and 4 of Type 1 is the same (relatively speaking)
as processing rows 1 and 3 of Type 2. We will call these row addressing methods Type A 170 and Type
B 171, as shown in Figure 62.

Given a starting position for the 4x4 window (WindowStarthdr) and a starting type
(WindowStartType), we can generate the addresses for the 16 samples by means of an 8 entry table

20 (for traversing the two sets of 4 samples). When we read the first sample value we add an offset from
the table to arrive at the next sample position. The offset will depend on the type (A, B = 0, 1). The

offset from the fourth sample s the amount needed to arrive at the first sample point for the next line

(and must take account of the number of sample columns). After generating each row of 4 samples, we

swap between TypeA and TypeB. The logic for generating the addresses for a single set of 16 samples

Is shown in the following pseudocode. The addition modulo 78 caters for the cyclical buffer.

25 Adr = WindowStartAdr
TypeAB = WindowStartType
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Do 4 times
For N = 0 to 4
Fetch Adr
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Adr = (Adr + Table[TypeAB,N]) mod 78

EndFor

TypeAB = NOT TypeAB

EndDo

10%& (Per/alhed®uUAW T
\ A 109%4t! & ()-B &
10% & ()-B ( O~ 10%<& ()-B x|[:vVWAW Y @ 10%< F& ()-

&1@ 109 & () -
Y "9l 10%FF& ()-:( &19! 10984 () -: EX| pdX7W
& "1 1094 ()- 10%40%0% &810%& ()- &F 621094 ()- &@s10%& ()-( Y

The lookup table cansists of 8 entries - 4 for Type A 170, and 4 for Type B 171 address offset

generation. The offsets are all relative to the current sample position (adr).

Table 33. Offset Values for 16-Sample Address Generation

TypeAB N Offsat
0 0 14
0 1 1
1o 2 14
0 3 37
1 0 1
1 1 14
1 2 1
11 3 a7

At the end of the 16 reads, the Typeas bit will be the same as the original value (loaded from

windowStartType).

T

Reading a single set of 16.samples‘is not enough. Three sets of 16 samples must be read
(representing 3 different positions in Y in unrotated input space). At the end of the first and second set
of 16 samples, the kernel pasitions are updated by the kernel address generator. The carry bits from

this update are used to set the window for the next set of 16 samples. The two carry bits index into a

table containing an offset and a 1-bit flag. The offset is added to the windowstartadr, and the flag is

used to determine whether or not to invert windowstartType. The values for the table are shown In

Table 34.
Table 34. Updating WindowStartAdr and WindowStartType

KernelX KernelY

CarryQOut CarryOut Offset’ Type
0 0 0 No change
0 1 1 Invert
1 0 14 Invert
1 1 2 No change
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cyclical buffers. Each buffer is 30 bytes, but has a logical arrangement of 6 rows, each containing 6

25  entries. The relationship between RAM address and logical position is shown In Figure 63.



S109& ()-*3 - 10%& ()-*3 - 100&' ()-*' + $% - ./ 1i K+43 - 109%& ()-*' +,)3
-109& ()-*3 -100& ()-*3 -100& ()-*'+ 3 - LO% ()-*1789; AGRE+43 - 10% B yar 7004
“100& ()-*3 - 109%& ()-*3 - 100%& ()-*' + 3 - 10%& ()-*3 - 10%& () - * GHMAKY! R 4Y
109 ()-*3 -109%& ()-*'+ 3 -10% ()-*3 - 10%& ()-*3 /
109 ()-*' + abcfklmpjL, 43 - 10%& ()-*' + 3 - 109%& ()-*3 - 109%& ()-*3
109%& () -*" woRibR¥® ()-*pu{|} eD, 43 -10% 193% " 10%& ()pcriubidors L09%2&8: () - 3
109%& ()-*"+ 3 -109% ()-*3 -10%& ()-* ||[:-4101 & 95 "10%& ()- M D095
"109R8&&' ()-M &0S2109R8& ()- N& "10%2&(& ()-L &@ 109%R&& ()- &9@3(
109R8& ()- MBI bA4101 & & | 109R& ()- &F 109 ()- & LSL0%R&E ()- & 410%&& ()-
& ' Y109&& ()-101011f12!1"P#| [: A4101 &1 9 "109%&& ()- 8y9109%&& ()-M
&S109R& () - &ELOYRE ()- &ySLOYR& ()- &STOYRS () - PH#a$$% &) [ : A4101
% %I. é?/;{g&( § ) - )9/ 9;_%();;;9%%(@&9( tha first ?)@garﬁgggjﬁgei&'a& dre alvia% the 3dp%xa &nttids: The

y - 09" -&& ''$' Q' 5! . .
&9- GLOY&S' ()’?"E@J’B%Wé&“"'(s)% ?g‘%ﬁ%@&%'ai?ﬁs&‘b@’%?dﬁxﬂﬁg piporhmathis 1998 (o () -

8&Ss*10%8&' ()-5'6' 9 Na e f'° o
6D9- GLOY&A! () - &9- iﬁ%&ﬁa‘%@% Té?giﬁéaf%&ﬁﬁ%f B bR Z j tergppgeiton (n this case 0
6Df'g's' """ follpyred py 16 mgf&@@&&mﬁlq m own in the following pseudocode:

6D9- GLOYRS&' () - &9- GLOYRE () - 89- GLOYRS () - 89- GLOURL ()-& ' '''{ CA4101

#9- GLOYRS&' () - &9- GEBURSafpore#3$

6D9- GLOYRS () - &9- 651D UREs () - &9- GLOYR&' ()-& ' ' ' ([ (dCA4101 # 9&610%BYR () -

of YA1098%&' () - $9- GLAYR& .La - 8#3% 6D9- GLOY&RL' () - &9- GLOY&&' () - &[ (()
)1)")/)<)K)vwa1o of Q(V??‘%_/ '6(%- 9 109B%& () -

9' f Z1098%&’ () - 10189 01804101898 T9Y7 "10948%& ()- 969Y7

"10989&' () - K)*Z** +F"4 PP vU410 9 9@/109B9&' ()-9 9>, Y 1098%& ()- M

PF! 1098%&' ()- 92 109BY&°R)*-139BLOYBYR ()- 9,, 109BY%& ()-:,/OR223R4| [:vU410 9
9y5109B%&' ()-9 90BEIEYBYR' ()- M \ 9l ! 10%18%t& ()- @ 9l ! 1098%& () - @

ROl 1 1098%&' ()- @ ~ O98e D e 09%&" () - 9s3109%& () -
9' yZ10%4& () - 108%4.089408% 9S910989& () - 9#937 - 109BYE () - 5>660777CB| [ VU410
9 9y10984 ()-9 9y Toyweh tis-address senperign echanisgids difergrp frery theqyqen Gagpgel. (Rath

9! S10984& () -tBBERN BBGHfressind thechsnistrs/ ilIONBEL!Y th aPly TBUEH BdIresingSciBe BIBERE ) - O

%&%g E g - 9Tend Bi@&ardnbre, Al IAHP Ko GilrarsH AR W ira/tbileb T r8ouddd“Udign(cbmiléicdy. The

STR - (¥

only difference then, becomes the addition modulo 36, instead of addition modulo 78. This can be
catered for by a simple multiplexor.

Looking at the various address generation tables for green, and considering them as applied

to red and blue, it is apparent that there is no requirement for a Type, since both the red and the blue

- 15  channels do not need to be rotated 45 degrees. So that we can safely ignore the Type value, the
red/blue equivalent of Table 33, shown in Table 36, has two sets of identical 4 entries.

Table 36. Offset Values for 16-Sample Address Generation (Red/Blue)

TypeAB N Offset
0 0 6
0 1 6
0 2 6
20 0 3 13
1 0 6
1 1 6
1 2 6
1 3 13

As with green address generation, we move twice in Y before advancing to the next entry of

1280. For red and blue there is no scaling between movement in kernel space and movement in the

25  input space. There is also no rotation. As we move in Y, the AY of 0 is added to Kernelx (see kernel
address generation in Section 10.2.10.4 on page 69). As a result, the carry out from Kernelx will never
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be set. Looking at Table 34, the only possible occurrences are KernelX/KernelY values of 00 or 01. In

the case of 00, the green solution Is no change to either WindowStartAdr or WindowStartType, so this

is correct for red and blue aiso. In the case of 01, we want to add 1 to WindowStartAdr, and don't care

about WindowStartType. The green values can therefore be safely used for red and blue. The worst

case Is advancemsnt by 1 in address both times, resulting in an overlapping worst case as shown In

Figure 65.

At the end of the third set of 16 samples, Topstartadr and TopstartType must be updated.
Since we are moving in X (and adding AY=0 to KernelY), the carry out from kernely will aiways be 0.
The red/blue equivalent of Table 35 is shown here in Table 37. Note that there is no Type column, since
Type Is not important for Red or Blue.

Table 37. Updating TopStartAdr and TopStartType (Red/Blue)

KernelX KernelY
CarryOut CarryOut Offset’

10

lol-alo
(<]

The process of advancing from one line of 1280 sets of 3 pixels to the next is the same as for
green. The PositionoAdr will be the same for the first set of 16 samples for a given line
(Positionoadr = O for red and blue), and Type Is irrelevant. Generation of the next line cannot begin

15 until there are enough samples in Buffer1. Red and biue generation must start at the same time as

greén generation, so cannot begin until 128 cycles after the start of a new line (see Saction 10.2.11).

10.2.11 Rotate, White Balance and Range Expansion 111

The actual task of loading Buffer1 114 from the Image RAM 11 involves the steps of rotation,
white balance, and range expansion 111, as described by Section 3.2.3 and Section 3.2.4. The pixels
must be produced for Buffer1 fast enough for their use by the Resampling process 112. This means

20 {hat during a single group of 75 cycles, this unit must be able to read, process, and store 6 red pixels, 6
blue pixels, and 13 green pixels.

The optional rotation step is undertaken by reading pixels In the appropriate order. Once a
given pixel has been read from the appropriate plane in the Image store, it must be white balanced and
its value adjusted according to the range expansion calculation defined in Section 3.2.4, The process
simply involves a single subtraction (floor 0), and a multiply (255 ceiling), both against color specific

05 constants. The structure of this unit is shown in Figure 66.



1099&' ()-" 1099& ()-" 10989& ()-:::::::_?vU410 9 #" 109& ()-" 100/8%'%[\’\0%
1099&' () -#3-" 1099& ()-" 10980&' ()-:::::::_?vl410 9 #" 1099& ()-" 109 %
1099& ()-" 1098& ()-#3-~ 1099& ()-::::::: <vU41l0 9 #3-™ 10%8& ()-"

10989&' ()-" 1098& ()-~ 1098& ()-#3-::::;;; DvU410 9 #3" 109& ()-#3-"

10984& ()-" WOWMsds) -~ 1090& ()-" 1099& ()-;;;::; { _?vUbtRaRoedilod 0%& () - "

10%89&' ()-#3-" 1099& ()-" 10989& ()-~ 1099& ()-;;/;0;1;N;; _>vU410 9 #
T6109%8& ()- A4t1098& ()-"N 1098 ()-#3-"N 1099& ()-" 1098& ()-; <<
<<<&<b<<<vU310!, 10% n n& ()- 'y LSIO% B & ()- ~ ~310% % & () -
T l0% % & () - 109%40%0% C 7! 10989 () - <<<<#=>a>>| [:vU310! " @B10% % & ()-
"Y1I0% % & ()- U 1098& ()-M "yL10% % &5%-)- | yl09898& ()-
10% % & () - >Y?7??7%hd}rbd; \okddd Bd titie Jowl (BPEs G108 76, togRerlwithGRé f¥d, Grden,-ahl bikie scale
109% % & () - Zuptrde X020 %0 & L) =) 0000 & () .
"10% % & () ﬁc@éﬂ%@&% _'v"{%dlbd !‘%, C%&?g%/géélg%ﬁ'"?zt@g‘ﬂ’i’°f6%5%°£°'( §olof plang via the
10% % & () - Fyeseiistearap ypich (ReeEpctio®)1 1096 9 & () - z?2?22222?yYOvU310! P 1
() - () - "()-2)7

10% % & ()-zP 1 182{369%%0{1 Lhe%hFe)rt%e clugg{nét %)ceﬁeﬁr?g przoz:e'sge% in the pipeline is red, green, or blue,

the appropriate low threshold and scale factor is multiplexed into the subtract unit and multiply unit, with

the output written to the appropriate color plane in Buffer 1.

The Subtract unit 172 subtracts the 8-bit low Threshold value from the 8-bit Inage RAM pixe!
value, and has a floor of 0. The 8-bit result is passed on to the specialized 8 x 8 multiply unit, which
multiplies the 8-bit value by the B-bit scale factor (8 bits of fraction, integer=1). Only the top 10 bits of
the result are kept, and represent 8 bits of integer and 2 bits of fraction. The muiltiplier 174 has a result
ceiling of 255, so if any bit higher than bit 7 would have been set as a result of the multiply, the entire 8-
bit integer result is set to 1s, and the fractional part set to 0.

10 Apart from the subtraction unit 172 and multiply unit 174, the majority of work in this unit is

performed by the Address Generator 175, which is effectively the state machine for the unit. The

address generation is governed by two factors: on a given cycle, only one access can be made to the

Image RAM 11, and on a given cycle, only one access can be made to Buffer 1 114. Of the 75 avallable

cycles, 3 sets of 16 cycles are used for reading Buffer 1. The actual usage is 3 sets of 25 cycles,.with

16 reads followed by 9 wait cycles. That gives a total of 27 available cycles for 25 writes (6 red, 6 blue,

6 green). This means the two constraints are satisfied if the timing of the writes to Buffer{ coincide with
15 the walt cycles of the Resampler 112.

10.2.11.1 Address Generation for Buffer1

Once the resampling process is running, we are only concerned with writing to Buffer1 during
the period when the Resampler 112 is not reading from it. Since the Resampler has 3 sets of 16 reads
each 75 cycle period, there are 27 cycles available for writing. 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

20 Generation for Bufferi consequently runs off a state machine that takes these two cases into account.
Whenever a value Is loaded from ImageRAM 11, the adjusted value is written to the appropriate color in
Buffert one cycle later.

Address Generation for Buffer1 therefore involves a single address counter for each of the
red, blue and green sub-buffers. The initial address for Redadr, BlueAdr and GreenAdr is 0 at the start
of each line in each case, and after each write to Buffer1, the address increments by 1, with wrapping at
36 or 78, depending on whether the buffer being written to is red, green or blue. Not all colors are

25  written each 75-cycle period. A column of green will typically require replenishing at twice the rate of red
or blue, for example.
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Each plane can be read in one of two orientations - rotated by 0 or 90 degrees (anti-
clockwise). This translates effectively as row-wise or column-wise read access to the planar image. In
addition, we allow edge pixel replication or constant color for reads outside image bounds, as well as
image wrapping for such print formats as Passport 31.

15 At the start of each print line we must read the ImageRAM 11 to load up Buffer1 114 as fast
as possible. This equates to a single access to a sample each cycle. Resampling can only occur once
5 columns have been loaded, which means 5 columns.of 6, 6, and 13 samples, for a total of 125 ¢ycles.
Plus an extra cycle for the final value to be written out to Buffer1 114 after being loaded from

ImageRAM 11. To make the counting easier, we round up to 128 cycles.

After the first 128 cycles, the checking for the requirement to load the next column of

samples for each of the 3 colors occurs each 75 cycles, with the appropriate samples loaded during the

20  subsequent 75 cycles. However, the initial setting of whether to load during the first set of 75 cycles is
always 1 for each color. This enables the final 6th column of each color within Buffer 1 to be filled.

At the end of each 75 cycle period, the Kernelxcarryout flag from each color plane of the
Kernel Address Generator in the Resampler 112 is checked to determine if the next column of samples
should be read. Similarly, an Advanceline pulse restarts the process on the following line if the
KernelYCarryout flag is set.

Since each ‘read’ effectively becomes 6 or 13 reads to fill a column in Buffer1, we keep a

25
starting position in order to advance to the next ‘read’. We also keep a coordinate value to allow the
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line simply continues until the AdvancelLine pulse is received, and may Involve edge replication,
constant colors for out of bounds, or image plxel wrapping.

If we have an address, adr, of the current sample, and want to move to the next sample,
10 either on the next line or on the same line, the sample’s coordinate wiil change as expected, but the
way in which the address changes depends on whether we are wrapping around the active image, and

- must produce edge pixel replication when needed.

When there is no wrapping of the image (i.e. all print formats except Passport 31), we
perform the actions in Table 38 as we advance in line or pixel. To rotate an image by 90 degrees, the
CPU 10 simply swaps the ALine and APixel values.

16 Looking at Table 38, the only time that apr changes is by APixel when PixelSense is 0, and
by ALine when LineSense is 0. By following these simple rules Adr will be valid for edge pixel
replication. Of course, if a constant color is desired for out of bounds coordinates, that value can be
salected in instead of the value stored at the appropriate address.

20

25
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new sense. When the sense is “-* we use the advancement as described in Table 38, but when the

ordinate becomes out of bounds (l.e. moving from 0 to +), we update the adr with a new value not

based on a delta. Assuming we keep the start address for the current line so that we can advance to

15

20

the start of the next line once the current line has been generated, we can do the following:

If a change is in Pixel, and the pixel sense changes from 0 to + (indicating we have gone past

- the edge of the image), we replace Adr with the LineStartAdr and replace Pixel with Active-

StartPixel. Line remains the same.

If a change is in Line, and the line sense changes from 0 to + (Indicating we have gone past

the edge of the image), we subtract DeltaColumn from Adr and replace Line with ActiveStart-

Line. Pixel remains the same. DeltaColumn is the address offset for generating the address
of (Pixel, ActiveStartLine) from (Pixel, ActiveEndLine-1).

The logic for loading the set number of samples (either 8 or 13, depending on color) is shown

in the following pseudocode:

25

line = FirstSampleLine

pixel = FirstSamplePixel

adr = PirstSampleAdr

Do N times (6 or 13)

oldrixelSense = PixelSense(pixel)

oldLineSense = LineSense (gLine)
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inActive = ((oldLineSense == InActive) AND (oldPixelSense == InActive))
If ((NOT inActive) AND UseConstant)

Sample = ConstantColor
else

Sample = PFetch(adr)

Endlf
5 line = line + 1
If ((LineSensge(line} == “+”) AND wraplmage)
adr = adr - DeltaColumn
line = ActiveStartLine
ElgseIf ({(LineSense(line) == “0%) AND {{oldLineSense == “0”))
adr = adr + Deltaline
Endlf
EndDo
10
The setting for such variables as FirstSampleLine, FirstSamplePixel, and
FirstSampleAdr is in the address generator section that responds to carry out flags from the Kemel
Address Generator, as well as AdvanceLine pulses from the MJI. The logic for this part of the address
generation is shown in the following pseudocode:
FirstSamplePixel = 0
FirstSamplelLine = 0
16
FirstSampleAdr = FirstLineSampleAdr = ActiveStartAddress
count = 0
Do Forever
If ((KernelXCarryOut) OR (AdvanceLine AND Kernel¥CarryOut) OR (count < 5))
Do N Samples for this color plane (see pseudocode above)
EndIf
oldrixelSense = PixelSense(FirstSamplePixel)
20 oldLineSense = LineSense(FirstSampleline)
If (Advanceline AND KernelYCarryOut)
count = 0
FirstSampleLine = FirstSampleLine + 1
FirstSamplePixel = 0
If ((LineSense(FirstSampleLine) == “+7) AND wraplImage)
FirstLineSampleAdr = StartAddress
25 FiratSamplelLine = ActiveStartLine

ElseIf ((LineSense(FirstSampleLine) == “0”) AND (oldLineSense == “0"))
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10.2.11.3 Register Summary
There are a number of registers that must be set before printing an image. They are
summarized here in Table 39. To rotate an image by 90 degrees, simply exchange the DeltaLine and
DeltaPixel values, and provide a new DeltaColumn value.
15 Table 39. Registers Required to be set by Caller before Printing
Register Name Description
Image Access Parameters
Wrapimage Tile image reads to replicate image when out of image bounds
UseConstant If 0, image edge replication or wrapping occurs on reads out of Image
bounds.
If 1, a constant color is returned.
Red
ActiveStartAddressR | The address of red sample (ActiveStartPixel, ActiveStartLine) in
20 ImageRAM
ActiveStartLineR The first valid line for the image in red space (in relation to line 0)
ActiveEndLineR The first line out of bounds for the image in red space
ActiveStartPixelR The first valid pixel for the image in red space (in relation to pixel 0)
ActiveEndPixelR The first pixel out of bounds for the image in red space
DeltaLineR The amount to add to the current address to move from one line to the
next in red space
DeltaPixelR The amount to add to the current address to move from one pixel to
the next on the same line In red space
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Int to 'add to the curren aﬁ%sk T’"'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.

ConstantColorG Green color value to use if address out of bounds and UseConstant=1

Blue

ActiveStartAddressB | The address of blue sample (ActiveStartPixel, ActiveStartLine) in
ImageRAM

ActiveStartLineB The first valid line for the image in blue space (in relation to line Q)

ActiveEndLineB The first line out of bounds for the image in blue space

ActiveStartPixelB The first valid pixel for the image in blue space (in relation to pixel 0)

ActiveEndPixelB The first pixel out.of bounds for the Image in blue space

DeltaLineB The amount to add to the current address to move from one line to the
next in blue space

DeltaPixelB The amount to add to the current address to move from one pixel to
the next on the same line in blue space

DeltaColumnB 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 blue space.

ConstantColorB Blue color value to use if address out of bounds and UseConstant=1

White Balance and Range Expansion Parameters

RedLowThreshold 8-bit value subtracted from red input values
GreenLowThreshold | 8-bit value subfracted from green input values
BlueLowThreshold 8-bit value subtracted from blue input values
RedScaleFactor 8-bit scale factor used for range expansion of red pixels
GreenScaleFactor 8-bit scale factor used for range expansion of green pixels
BiueScaleFactor 8-bit scale factor used for range expansion of blue pixels
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5 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.
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and a predetermined proportion of the filtered luminance channel.
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2. A method according to claim 1 whereln the extracting includes the step of deriving the
initial luminance channel from the data set.

3. A method according to ciaim 2 wherein the data set has a red plane, a green plane
and a blue plane and the method includes the step of deriving the Initial luminance channel from the
planes.

15 4. A method according to claim 1 wherein the data set includes the initial luminance
channel as a separate channel and the extracting includes the step of accessing the initial luminance
channel.

5. A method according to any one of the preceding claims wherein the high-pass filtering
utilizes a 3 x 3 convolution kernel.

6. A method according to any one of the preceding claims wherein the high-pass filtering
utilises a 5 x 5 convolution kernel.

20

7. A method according to any one of the preceding claims wherein the high-pass filtering
utilises a 7 x 7 convolution kernel.

8.  An apparatus for sharpening an image, the apparatus including:

input means for receiving a data set indicative of the image;
extraction means for extracting an initial luminance channel from the data set;
sharpening means for sharpening the Initial luminance channel to form a revised

25 luminance channel; and
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10 channel as a separate channel and the extraction means derives the initial luminance channel.
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