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Invention relates to a conpact printer systemable to print Ve 3?6?“62001
busi ness ca&§93|ze docunents from a device about the size of a pen. The
system i ncl udes various hot-connectable nodul es that provide a r%h&@/ﬂm3
functions, In particular the invention felates to an i mage processor for a
canmera nodul e. Reference nay be; had to co-pendi ng applications claimng
priority from Australian PromAi:eRaIESRRNCRCAMERAIMODHEE on nunber PQO560 dat ed
25 May 1999. The co- pendlng applications describe related nodul es and

nmet hods for 4 he conmpact printer system The co-pending
appllcatlons are ows: PCT | i cat QLR
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devi ces they could

support. For instance, it i S[TTRFATNGE L O canny a cplor printer for the
pur pose of instantly printing—ga K T known conpact digital
canmeras. A conpact printhead - pendi ng Pat ent

Cooperation Treaty applicati
application and hereby incor

Lol aVal
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areoedsly to the present

: PCTDx| cet

No. PC f | AUOO 00591 ML62PCTI AUPO! romamopses/ A( JD&FB05791052

11M62P(, " f 1 AUQ( | JO0592M | G3P{ THoNAD®IMB0SO0MIB PP n orfler to construct a
canera nmodul e for a conpact PripiRUocyIe em I PR necepsary to address the
probl em of control of the i o ) [ TEREST Or npt i on process. Met hods
of very large scale integratLQ%K%“. gioeteptypmnttRnuf act uring are known
but have not been applied tojthe | SeEpaet—p i nter system No

sui tabl e i mage processor 25 exigFéﬁﬁ S cank bt hat connects
directly to a printer nodul e] FCTADRYSIS rel
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BACKGROUND OF THE INVENTION
Microclectronic munufacturing tedmiques huve led (o the minjaturization of numerous devices. Mobile phones,
persanal digital assistant devices, and digital cameras are very common examplos of the ministurlzation tread.
15 One devioe that has not seen the advantage of microclectronic manufacturing techniques is the printer.
Commercially availablc printers are large compared to many of the devices they could suppart. For instance, it is
jmpractiou! to carry a color printer for the purpose of instantly printing photographs taken with known compact digital

cameras.
A compact printhead has beon described In co-pending Patent Cooperation Treaty upplications filed
20 simultaneously to the present application and heroby incorporated by cross referencc:

PCT Docket No.

PCT/AU00/0059 MI62

PCT/AUQ0/00578 1152

PCT/AUO0/0579 LMS52

PCI17AU00/00592 MI63

PCT/AU00/00550 MI58

In order to comsteuct a cemera module for a compact printer system it is necessary to address the problem of
control of the image cupturce and transformation process. Methods of very large suule intcgration and microelectronic
munufacturing arc known but huve not been applied to the needs of a compact printor system. No suitable image processor

25 oxists for a camera modulc that conncets dircally to a printer module.
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| N\VENTION I n"one form the invention resides in a method of RSB 29 June 2001

processing an lImage in a canera nodul e having an i mage sensor regording an

i mge, said gethod including the steps of: capturing en inmage fr%hWﬁthg

i mage sensor; storing said inmage in inmage storage nenory in a planarized

linear RGB form transformng said i nage2from planarized |inear RGB formto
| *a*b* form and transmtting said L*a*b* formimge on a bus of a conpact
printer systsuamMArRy oamat ieeNtiosr m the invention resides in an | mage

processor for a GREeka, AOREHiS ~AaY is Q Geudflor il §BcchiRy 15 Rags trh ddmerS @ISR wran

i mage, said |npge QLG &%ﬂ@?@m&&%mmm of central processing unit;

pr ogr am menor assom %twe!d th said central processing unit, said program
menory storin A executl o b §a| d central processing unit
to operiate sﬂ?"dg"é'é'l%é? 81‘@ %ﬂ one or nore Interface

e;
uni ts communiedehirgidimenieriminties ‘@M&FH"’C&’%P& modul e; | mage storage
menory St ori tgsafteig ehid LMk dirm iindge oy bistragenpeapittapyesmuni t i N conmuni catlon with

sai d i mage St Or AgR wdRATmY the ifvahtial rdl@R fn bufinagrQRQTSH u Bigeriimidilc havinglandraveccheniontaeg
sensor, sai dmgg%qf,mgg@%“&&m mﬁ.l’l ng said i mage fromsaid | rage sensor

and storing s nage |n sal d image storage nenory in a planarized |inear
ROB fo and™ B¥essing units in comyunication th3|d o0k

st or age rrermP'W"E“r"Eh@f'ﬂ?‘rﬁ‘% 6‘9 W@Wh@éWP?WIwmtermﬁo

| *a* b* formMGWWmsthwa’dS@F@W%WéMce 20 Further features
of the i nventreammoninictacdxsits@animgrdontng Fithommpiming ofstid damamimedyledescri pti on. BRI EF
DESCRI PTI ON  (ige MoladoRAly Merfng Jatd Inigecder to assist with describing preferred

enbodi gent s mxmwmwﬁﬂwmmw@mmwhm R araltpRocistigpunk Gl du0ivageg

figures in wy ¢l Rl i Sorm HR kS ensoF dndForig sdifimigs e A RiA wsrlUl €
FIG3|sarrerm%yrmugﬂ |sacommn|cat|onrroule FIG5 is a flash
nmodul e: 30 FPEEM P

,FIG7|saIaser gule FIGm+san
effects rroduvvaw@nemlusnwseﬁ*acvtﬂwé mags Hemerrempry terepth @id e KoL plapend WS | e
35 FI G 11 i s RaB frexrio itertiUbe for fRh@isd@ by sgerldl bediitfonser nodul e; FIG 13 is a first
conmpactke printer Crinfid @lirRbriheRventiod @I tdvides fran ifidiorit dsairpact printer

configuration; FIG 15 is a third conpact printer configuration; 40 FIG 16

is afourth g orPhb mWratl on: FIG17 is a block di agram of a
controller forREFﬁh nmer é ! » 2 Nl Ol Ahbagkam of the
i mgo capture uni f"%ﬂ%ﬁﬁl’—fﬁp r’:“’r" 'T"'_K%N" ﬁimmm' 53

NOU 2003 WD 00/ 72265 -3 FIG
19 is a bl oc® W‘&&F%ﬁt‘f‘wd‘t he i mage enhancenent unit; FIG 20 is a bl ock

di agr a? of t F&€ Whisperinisetodidice and range expansi on process; FIG 21 is a block
di agram of t h&x esanpirem@uocess; FI G 22 is a block diagram of the col or
conver si on pPIrRGES fambnlofpmadle; S a bl ock di agram of the sharpen process:

PCT/ AU001005Qg; DELALdufhiddontamid Tl ON OF THE PREFERRED EMBODI MENTS 10

Ref erring toyﬁ (51,1. L0 s there are shown various nodul es that together
.forma conpac prin i system | ndividual nodul es can be attached and

det aché® froftGheld 219) le: ‘printer configuration to allow a user-definable
sol ution to D&l néskepmpddeisi zed printing. | mages can al so be transferred
from one conF¥ct |k efecmoduls anot her wi t hout the use of a secondary conputer
system Mdulrse hauvehasasmimaduival user-interface to all ow straightforward
interaction. sfg ROMAAGApoPhdii: €r system configuration consists of a nunber of
conpactsspri ntm“mpsq%engdugonnect ed together. 15 Each conpact printer nodul e
has a functiqp, mQUteS to the overall functionality of the
particul ar con(*gact %a‘l nt er con ation. Each conpact printer nodule is
typically sh g s ‘?E% " physically connecting with other
compact pri nt'é‘i“nﬁdﬂ?@é“‘t“@“?’b‘f‘fﬁ‘tﬂﬁﬁ“"@oml ete pen-shaped device. The |ength
of the conpacdlG pr sk coslentipdrer deiperids on t he nunber and type of conpact

pri nt ersonodul 186 16C kR Bihact pikker cinbigd@don:onal ity of a conpact printer

confi gur at i Onu@lBP GNARuQidgrdnd s SRNTRAG tho Rinded ol oiMIGI2I] €S I N the given

confi gurati oM g 5y block dingram of the imugs capturs unlt;
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20 The conpact printer nodul es connect both physically and logically. The
physi cal connection allows nodul es to be connected in any order)] ﬁ@dmhe

| ogi cal connection is taken care of by the conpact printer Serial Bu

bus that pwewodegspower, allows the nodules to self confimvsucanesepr ovi des
for the transfer of data In ternms of physical connection, nost conpact
printer nodul es consist of a central body, a male connector at one end, and
a femal e connector at the other. Since nost nodul es have both a male and

f emal e conrR@torisa biokialiagroitl heigage ahan@dentuyipi cal | y be connected in any order.
Certai n nmoCKG®S iWbloyk dR@MELF Be WHRY HRIardd andrarkERRMAsEn €RBHNEct or, but this is

det er m ned ,J:,)‘yzlt hseabfomggrtnq;amgtw;phgmg{gdul e. Adaptor nodul es all ow these

si ngl e-con M ogclélagr ?gcctglorcgngmm cted at either end of a given conpact
printer confl ur A Wre p yS| ‘cal connection between all the
conpact prifter ‘WHEHd@%’”'tﬂftBW”d’é’ép"t‘ﬁ% | ogi cal connection between themin the
formof the corrpact printer Serial Bus. The conpact printer Serial Bus
provi des power to each 30 nodul e, and provides the neans by which data is
transferred between nodul es. Inportantly, the conpact printer Serial Bus

and acconpaipyh R BEsekPRoN PRk A8RrED 5sBBRARRTLY Whi ch the conpact printer
syst g aut o- confl u‘&[smcslmqy%”gestm e user-interf burden on the end-user.
| T

Co rrpact pr i nter wi vaaous m(fdulcstthﬁt IOée etiform a compactrganter systr hcessi ng
nodul es i ncMyEPhEedges e peashed %tﬂ}t"é’ f'("r!the"ttam P%t’“tfa??é‘f‘“a%bﬂerr RS- rrr @'2?1“"035 and
a Menory Modhuingss4q sZedPlinting kmeagesanpisoie transfemed fropoukgonipast raipter tqpngthameithdughewhaefte set s

t he conpactsecidindo@gutetsyss inVOdBES Bavel 2 nfiniindNBseB intafiice 1MbW drhigb@ore@isieeBn. | MAge
processi Ng NMDAUlaQsmpadHntetsRiem Rhghrhtbn ShsRE & a AimbddErddnipad] Ak mphe;ce.gtcamge&er i mages;

h I
|V8 3 3 qu e (e Ell rGQc %g}u §er 'mgdqﬂe l\lag!t fﬂguo@‘mat 'cbégé te?t ngb@gyl ftﬁcn(nl:a}ltﬁf %nglcﬁpco Fl%te§ FI G

N b e T P R SO ot ek AR g VB b o
funct i onal i°0pact RnefTgHles ta fgpm fegamplets pe-shapsd deyice JThesengty of s ERTPRPriRtes devicriPengs 08 Pen
Modul e ( Fl @epumberpndgynepf epmpagtprinter deles keaneftdd] T fctiondlity of agenepeft pripyergdnBayravpn éepanédios e

t hat at t acln théxoinfae pmerimacd inghe gireh @hfigaytisd. em but are conpl etely i ndependent of
any @bher nodul @ne cJrhpaeypricket nta&.tes OfEL5RE BHydidally akaGetiediny. ShelPRNVE conndtiish afBRYmARNE B

provi de thgj tomewem R R SR Gn 5, AL EBSERY3E | L0

functi onal i t rovi I.ca cor Into other pen-tike
devi ces. %Hété‘t"d ﬁlﬁL‘\‘—.’y g‘é °“"“2’°‘t"°N€ﬁSP %§°f\?ﬁ00/72265

PCT/ AUOO/ 00507 J"4°"Pﬂ of Phisy) FP“'HtS'ﬂ's @v@ee-pﬂawnmeweeemaw&a cerirg body. @ palesSRAEFIORE ar e
usef ul conpenrsiinga ttnmlegontrgrpiale bthep ISing mest malyls haahothh dsandferaale@onhactarsthe madudes @ty St em
dedi eat ed tRicdlNRGndokdIL @B ded) ConBitbd§dd Ollyae @il of a fErRulticbbctar BuQRls is deterfnRed By B (
1:1 ) i1 uSinbidd dr @050d@E. Adall& mbRIRNBGL theRTsih gl BrineclIDHEbIE & bdoReck DR WMRer bdd ofizki(dR 1 1O
12, and ex%ﬁ%aﬁpmﬁ&@&hﬂé (§| ons produced by connecting vari ous m)dul es

together are's rinter nodul e that

i ncorporates a é\ém A& P ‘tﬁ‘t?&%f‘wa%g]&‘?“t’)%"a“ t’"“‘”&"&m%tepﬁ‘aﬁ Bﬁf"t%‘ﬂ“ﬁ“at es

Pat ent Applbfteest ‘t‘°5‘r‘|‘§h°l forg ?fé‘lﬂ comppckprinter EEE ResrTBLFATP2S Brotes Sotl Ry P’TWF*@“ﬁﬁb‘t“t“c ation,

i ncorpor at eddulrandppvitds thiyyeans & vhickdatn & transfrrgd treevfep mpdales. importhpdly, évpgombpct amntepSelige nj et

pri nt head. Bisud sbdBriijaying Pétdct priviBheinBanby 6iEhihe OdinpA e 6y stdnb{d-chPgures, RIGkiRthepr i Nt er
t hat pr oduggs,mmageg.y@},mq;gt@uje,n up to 4 colors to produce a printed page of a
particul ar w dt n‘E:?r éugs&r 5@5%%&9&%‘&5 dots at 1600 dpi) each dot is

°"Bp
rinLing i & bi ol evelt ¢ ham BT ARHE TS e G RaCappa o5, |

err o3 di f f AWaNePrMagueFIGP e e pracessimg mofiyles pre REmArilyN B T<3s the FITPASKPRAKSS Byt part fom
parti cul ar ohgphiigdtvicerimissprqsasns wedilesraptuieiriat. sors gigbagipplate piptogrphintmaeand t 0 be
stationary and all ows t heo@apging ioBuicd DA ingé DbapiddM@du (FIQ il ). @BE fectis’MBENFIO B), 2

printhead icsmmRtRASRAEOFIGR), B FRRE Metutetp@te@tﬂotsakeptkg.%dmaasrh,dé/emceto o BRI S -

The pr| nt e%r:ﬁ?:ﬂe‘dgﬁ %anthQrEErrn'wﬁtﬁe?a% body 11 housi ng the Menj et print head.
Power i s suppli T)

ree volt batter used attery conpartment 12.
The PFinthead is actl vat dHaEg™ ‘8%8‘1‘?8&”¥Wﬂ" % lmdrf °'1S’[?g'-f(°ﬁ*3§§ Wl (or 15
simlar si Pedlesreithte pjaachiqsbricempad mintprgysiep “e?t‘f°P’PF!°&5‘Y§’P"(BQ"“I’“9“"W°E“°€%W€Y(99 or 14
and fenmal e ngemseiy ropirchévef. d ndyietemprevide heimeciororisogtd Mot pre drirddiie@sse tho t he
printer nodidienailidney prbvide 2 tyfidADMBorpora2@in® biber ¥ Gkd HRicc20. The canera nodul e
provi des a poi nt-and-shoot canmera conponent to the conpact printer system
as a neans of capturing inages. The canera nodul e conprises a body 21
having a fenmal e connector 22. A lens 23 directs an inmage to an i nage sensor
and speci al i zed i mage processi Chl within the canera 24. 20 A
conventional view finder 25 |5§|‘% %SEEEM'{LE&@E | ens cap 26. An inmage
is captured when the Take button 27 is pushed. Captured i mages are
transferred to the Printer Module 10 for subsequent printing, manipulation,

or storage The Carrera Nbdule al so contal ns a self t| ner. node si mlar to

1 1 7~ o~ I o o a o ”~ o o



2 1 NOU Z003 WD 001 72265 PCT/ AUOO/ 00507 -5 65 allows the user to sel ect
time units and the nunber of units are set by UNITS button 64. The Ti ner
Modul e 60 includes a nale connector 66 and femal e connector 67. 2 THNEV T0ifer
Modul e t akgsodhsgspower fromthe Printer Mdul e 10 via thecHauoddosdus. A
Laser Module 70 i1s shown in FIG 7. The Laser Mdule 70 consists of a body
71 containing a conventional 5 | aser pounter operated by button 72. As the
Laser Module is a terminal nodule it only has one connector, which in the
exanpl e is a mokifougHHORAEhifY modulks and 1addatcti AGIBIEs altielullc@npbrntsAia cbrfpad: prinedyseBaidf €, 1 n

that it doeaexrtpt, gﬁrﬁd@rmmmagt maengqaowgepm ShoiPRDE LiteQlke (P AEERSsBGhe |
exists as g‘)mfa nne mqales arc SS‘IIOWH m 19@5 ﬂoch anrcli exam %rﬂ'c}rau nl.:;l ntc%tqby r§e¥:t§1nemousm dtﬁes

provi ded bec £ [as Vi Ces tg %?‘*l“ I'ncorporated 1nto

ot her pen- 1°¥°¥98‘"6I§'9/‘Y“d’e'°§05 '3I*Pte6 Laser Mobdul e cont a| ns i ts own povver suppl y and
does Snot appearFi@sshewsderipiereedulsthatitverpoBics § capaprigthead yscritiydin Efperding Yitdiidied e shown
in FI G 8 | BateaApylitwigSlist iDiGeBR&Erovgd saanichLok iis applicatiar, ih@myBatedl haks/@if by te@rese br@edferréd NUNber
of ef f ect StoadlictPlitnRSprhf@dre Sterhihl Grinththd [s @ irbp-dn HRER 1600 B it pritiedulprolilcds Bt er

Modul e 10. le\Ilhigts rﬁ EJ t@tpctoﬁrs !o %Au&qgnnnﬁ) 1; %%IE aspa.m&lla\l vpd'ttagntcc thg]ﬁm&ﬂnﬁs domqﬁ(?dpl &8' or
changes, ule co

1
housi ng cu‘g’f'or??'%ﬂ"gé %Sﬁﬁ"%‘g'a’aﬂeamgsﬂ_%sg%“mﬂ”bgﬁ'ﬁ J'"“S%e@@ [he"tp%v%agea user
to cloose HedRediered ongunipidyseddr b‘ﬁl’*‘?‘ef"’é’ﬁt"ytk"iﬂ‘fép”ﬁ‘f‘“‘eff“faé‘tf”t%‘a’ applicasion iERREE- hut t on
84 al | ows vilith Thiseeabled U parghead Gtbe ri@arpdn{l digws tfe paperrotnige pryUbFpEnthegdfA Memjcemitteradd  t he
chosen typ@mpokd 63 Sinbé oftidaical\PRhN Martjti k@end 5 85 applies the effect to inage

stored in the P’fhl: ﬁ?&’lt@r OMQQWOﬁpn;IEQa bofﬁh@ ho@cuig &e M%}Mﬂéa@ PM]@LHB&d m\ﬂﬁeg voftr om t he

I\S/gzi Iu |a|e ,[Bgslballcl\/%ouscd m%%lt@ra cognganm%n lZaIIt-tlc pnntl%noai acuv:(zié% lo cgmrgegce r%unﬁ]w en gburrrtrebs%ar%{) fGegt 2 hows

a ChBr act er""tvaaﬁrpe'ﬂ@lbmtdwaﬁmsr"gd '%t°%°bb’c¥%ﬁ °°"t"§9‘r3re'461dfeEf>’/‘f°§’li’f°§" WBUF‘%WT‘E%‘?G? i bed
above) t hatthermpyes egperaermedued@r acter clip-art effects of a given topic or
genre. Exanpl esFié hoéws demcfiredi 20q78cassa nisfuipro\ider apointBatshaarvameggabp@ént Bkt bert  as
wel | as CofRRaa Yrinkgsemlad dine D thp@thg fr@ges. Mz Daaa nalisle @&nfrises Aody U ENing 4 fenla® an 1 Mage
pr ocessi ngcoMizeA lerls§3 d@gﬂﬁtx%@m Qtflma@e ser&ixnd%lahﬂ&ltﬁthg@ﬁ}oc@ski&tcﬁ]mﬁln%gEarngznﬂcS and

a an § Eo%vlg?%orr}&% 5{@% er 2%9 IE prov:dgﬁas w:llllgls a?ca_fape% Ah tmagcl\jé:%ﬁt d w 3 L{re akc%lﬁton 2T7 hat is to

be appli ed i Ns power from
the Seri al PBESCPHFLMEH "Frtéﬁ"ié°"t"d?1‘PFé’Bt‘8P"°’§‘!§ '%‘Pfd“"f°&“rﬁ’ﬁl°’9"'l§d‘Hﬂ%’E‘t”Br” Bee B e

Adapt or MoEamkraMadgiealso singipsr slfimesmege sigilar fo dhatfoutdepgguler el ¢ connect or t hat

al | ows connect i K3 Hdds yaerdryMatule3dconpisivg absdy 8 h BECD 28N bauends, OUT bundvieté @d SEDRCIRCt Or S.
A mal e/ mal Quda@4HR Seddry Mdasid 30 § B QIR nRhiicQWS fosRME BRotolribhic IRBedvaRIREd byAR CRRAWY. €S

t hat %st erm ﬂ.@hsmrytrmiu@ tr@rts%s .rnstttna&mrhﬁh carl ttqccméateprt fuMest o oaaahmbtmtt§rﬁtls#ep' ng

Fuh reso¥uuon _Frowda ead ang wme access to ndm%ua.l xme\xﬁ/ns an AFﬁmbanrﬁsolélglg?{qvades lcaﬁ T:cess loqg)

perform any spec proce sing o no €s have a
mal e conne‘E‘fW‘“&‘t““d‘H@b“@Hﬁfm and a ferral e connector at the other end. The
nmodul es can t hehefiamon Ntseleémemooteogetlrferafemr'tcrrneab’ﬁofrm'elwecm%ﬁeeﬂed at
ei t her endandfemdelennecthraallpy thdipdeiele cosrmsl aniguHned a cogfigghiornBrw8 6 ptobided frasier Mbdul e
70, @3re terikrvlvengviimadtaass. and therefore have either a nmale or fenale

connector only., ém“m.catoawoarcqolpmmtmc mﬂu&.,eamaans nomhaao taﬁ'slsr; amaﬁr;ttadr at one
end of the time.

an A dap t or anﬁ;b %Juelrh thr{:L 66unatcs m an gﬁmpnataconnﬁ% ri a cimputﬁr Son suc:a e n dr?s%n sT% BortneI ch is
a pen in PRt @“F&'F‘H‘l‘““f“t"s il 0 ajlawg e PRt FRELTE™ forpe ‘t°H'é°t‘°d e eqPraMits® t o t he
conpact prioreced. images ¢aphpirhngferred hotween Hpompugel apd thaareopeditenef the fomeperpringst figem- Frodul e.

|t dises NnOdom@@iaiochBod@E alibvd CipiuiedimeEsyo Ho 0awdIbaded3The Fimguté?aund nivichegeSoripgntigged e ned
because i tuplofiedndpiRNmRNE 10€Xt ensi on of a pen shaped) pen sized device. It

may al so cone vrt ﬁ& @odﬁ?sra ,slr;tan inh fhe ﬁ@d@dsmurm.sus%adgetemtﬁapw hALMNALLAY

connectors CnI ot.o ra hs wrthdﬁ amcr odulc%Bq'h lagth?o?uqe apacl%pto Stth\{lnc;[dhcsg'ra r(r?aii]erclzc?n%tt(grrszrgt er
than a ter i A3 e assi St ately 1ee a busi ness

card si zed‘“"ﬁfr‘?“h"f’m’ 8i°°&‘“‘i‘“d‘f 8”"??“6’9"“1“3 otk “‘fhr{‘é"d‘ﬂ"r'f %‘P’éﬁ“c"‘t\{?ﬁﬂiﬁ‘f”‘e"y ihOC“"‘é’t“‘ HP"’é"benser
modul0e | 20whensreqpired) hisighplelswiteh altoweybarlaphMopylem i expiitiily ighpdpff corpgeimpizepgiglife 120

conpri ses a bodyG esilvs § Tiad Mbiolk 618hagis Bédaragondf the fakilpwtunipls shotgsawittheCameoMqanté Nt
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3, 5 etc.) ,moldnao ﬁmtbdhérmﬁdid ERS Porrhal THHHEH modRE M@1des Qaﬁﬁﬂmon@c% mteméd%nrcjur§ we

regar dl ess c ut'epg mﬂﬁt&g?ﬂgcggol' t(c?g)l QI an I‘nﬂ? fr(o\’rﬁyﬁj(% xmaAE sgh:l‘or %h‘rang'omls thee image toS a f§ ent to

t he | mage tla ree regis B d the
current addfes: °rfm"s""ss’°" “h °d‘f'ag?“rﬁ°é“?°e°(§m° 'R Fé%g StV PEChEPRLT 6 °’"‘"Fh’§°°%it?ﬂr esses
i ncrement d&* 'Ei‘F‘BFE'I“@‘°a‘P€°W'Iet‘t4§ﬁ"'te‘b‘"@ 'I’f'“}ﬁPé"ﬁ‘é’ withrgyampies ah eperaticpgs theitlementsni t

cont @ ns a nurrb&ke ingke progegpprd Ody dssiangditachia falgricaged ssirgmERS imc@a CMOS rirdaes. Fidlagpovinagy 4t abl e.
20 Rei st er gnillion trdnfisorsaainGa hdlfdf véhick I fadNanaibdBi ok SADEBAM. Thid 1@ iR % Rhae@ & 3QNWRRT  Of

i xel s each ihaguidassmRemmhdNunber of rows of ixels in im aCurrentPi xel 10Pi xel
currentl bein fe&ﬁhggogrrrg,,gqgrﬁoMORow current| bein rocessedNext R19The
address in | nage aml\s/llor“mm eht, q)e>§1kb 3Q%xel Set to start address of
red pl ane bef or 5 Mage CapPUTE™  Af'ta/ yd Bre, this register wll
point to the byte after the red pl ane. Next Gl9The address in Image RAMto
store the next Green pixel. Set to start address of green plane before

i mage capture. After inmage caf3UBSTITUTE SHEETGI(RUIE 26)i || point to the byte
after the green pl ane. Next Bl 9The address in Inage RAMto store the next

Bl ue pixel. Set to start address of blue plane before inage capture. After
|rrage capture thrs regi ster vvrII p0| nt to the byte after t he bl ue

o o p— p— ”~ A o v S - S R Y. O I . v

o




MaxRows of MaxPi xels have ben ca |ured. SUBSTI TUTE SHEET (RULE 26) 21
NOV 2003 WD 001 72265 -11 PCT/ AU00/ 00507 In addition, the |Inmage Se nls@CFV
Interface 188 will contain a nunber of registers. The exact numbér 2003
regi sters whlb78ePpend on the I mage Sensor chosen. The | mpgealdosdragr am Uni t
(IHU) 179 is designed to generate histograns for planar format inages with
sanpl es of eight bits each. The Inmage Histogram Unit is typically used
three tines per print. Three different histograns are S gathered, one per
col or pl ane. Eaghgrhh nRbiasdidzs Wa@hsanmy2 kgasdexed, the results are analyzed in
order to deter m; JrJ@é:s‘qug nlYs, ﬁ\&ﬂm?&n%getck}[uﬁ%h%% histogfafd Ldnnﬂd In%&ecéﬁﬁncgrteﬁ umtf or

use in the remai @n% usq tent he print process. Suitable histogram processes
will be known td pe Skilled in the art. The hi stogramitself is stored
in a 2S6-entry Mﬂﬂ‘eé’%‘ﬁe entry being 18 bits. The histogram RAMis only
acces8ed from wiThdiingge rrosessof payJalsojingiede g pughbenf heuprkeeriing gnd adminisratiep@lefingingluding wri t t en
to as | 8-bist quarnmigd stotageRAML Bhichlsauithtiyag -1t Agho@oent Unit (I EU) | 80 provi des
the interface bghweRi.blte | Mage RAM 181 and the Serial Bus Interface 176,
as shown in FIG. 19, Jhe | EU takes a planarized Iinear RGB obtained froma
CFA format capt | rageRAM and produces a fully popul at ed
L*a*b* i made of al’°§’§'8’f”ﬁ‘f°?8ﬁ'p§§ﬁ)5? 4 for subsequent transnission to the
Print!®r Modul e TP igaseprectiter igatpied fo i3 clpg presd piipreeximrgy 24 Mia o 3gyeEnalyirtdi¥ ement
process i ndterdéyso mitimizepover @usimpgonf Tirrsthdl eperaing ficBpencipitl brap inGerpultiglt ¢f ¢he Serial Mot at e

| mage;  \WhiopeatigdrkqaéaaeyeThaorll iRaEnge olbx{3aips mBia-contrdRe S@NTHUSnnin£ 30 Svie I MHL &nd bafi &* b* .

20 Shar per;venIJag,,J,,gu,,,’LSO perfornms all of these functions with the exception

of Gather Statisfd difile ,clason%rw{fm SbR, m%tcag&m%@zom%u&s ncﬁz;n?z .)mg;t!. QB&J Ca' I's

the | page Hi.sto ,

appl i'8s si T 4EF %%?Ffﬁ'rgd*?*’ﬂb“%{f’ VT EL PRI VP deop YRt Oty o
produci ng ikl i 3 be @iy @rosisgr posg witppyEicignpprosgsfing gsver ‘Ge%h‘h‘t'ﬁé‘f“ efqularias pop goniroly ) 5

| nt er f ace J&ciorsdastsivieh o madt coammepéxpegtgionsve rate of 8 MHz, and the inmge
processor 170 r 8i& albdf iheithaghbldcessihglis periblo@EbyldbiRat @drdwars, the UPLBdoisa&Bathapr&ysﬁlhﬂS to
transmt t m:a%umct:ﬁ; Lk BAER siRble R exdmple 6:Q buRhbR cdiSa Plighs BosPikro-ERt R i@ uCYCl €S
to t Bgnsf er mfbl t). The | EU therefore has 72 cycles to produce each

L*a* trlpret perforns .t processes shown in FIL.G 19 in
parallel. The f |“F“§°t“°?ﬁ"88€§%” ??EH'&“&EB'W#‘{"E 'Rt AELHRY S RINGAM ER gl on.  The
second pr odésemmyaieaesyiihe paesuipithis e imageREoces{q] agnemay-PagRep O wepPTsE by MaDEY si on,

and t he f ouledoller B9 Pyriznlir addrys raggaammpie paniqyiar unitf end withingagk rarfze, @rrichie regiitd widin datr ect | y
sent to thearik@lkriudi ThiBihSludesMheReriki Aeacd 106 and FaIEiRErEG I TTRestrBedbél. Pri nt er Modul e.

The pgocesses aFrﬁé PO mﬁacytmda/ha.s Mpmscsdxr 6 Sfidyicle ¥R 3@ hcke¥ses Ok Yecfer .,%wa.ézyt es.

The struct lﬁgt?adgfﬁscs 1?0 ,P[rmaH-g%sﬁar a%ce ﬁs A HE mf%nglog"/?peed]; QF by L]:Ae%lforcsix}logseﬁr memor)%‘re N t

sunmmari zed Sl zes

Uni t Buf f er S22 1OS{ Pese ressinp sf°fsl1B?P"blF RSy aspress e aﬁ(‘f?“?%ﬁ@'ﬂ' s fPer =

lines of 6 ent r iMesmagPrganyflahROMldHs incopuatagiptoghs mpagr@rompipriqsiore simple spquenges fory f 6
entries @ t@urdling he @agibn ofthelibegbyica® (170 @y RBMfsikeaippends oh the CPUpbsengiut skpuld mt heimeg @
10- bt s eadatansxo@e. 5 byt esBuffer B22.52 sets of 3 REGB ixels =2 x 3 x 3
entries @ 10-bi {g.waa¢ hm:rsc.léﬂvm i 5iBidofpsiized inoh2 imbge ProlR A Ror lphihbRIS, pRfrarfhvaBiL 1 1 €5 OF

L @8-bits g%g Qgcc l% pros?%;[ ga? g:[gs ngt hﬁ'r % m)a(nénﬂlatglgwggré tﬁe%c 1s@o§ flér a?arg?g%t}gh areﬁ %hc RéMb t es

byt esBuf f
S{JB(;'SI'I ?UTEr"ﬁﬂ “("ﬁfJE'EJ o) 52“““1“°N&3”?6‘E5§‘"\‘ﬂ6"t5‘€)7°‘7“2 B '°g'i' 5‘%@&6@@)"@0507

The task oMotbymwitiarpb@midkpes A 192 fromthe | nageRAM 181 invol ves the steps
of wh?te bal anc@&he&nid Busingyiece &6 parmicedio hdidtemaldhip logisped|bss 1TFLUBE Sehi Byp isoaluatield f or
Buffer A f aghe @n@uguhl pleforablyl f1Rw theWSEprhc)éolIahﬁugRﬁEeaﬁmcim@y RISGERSThe makitiu® spel@ aNS

that during, @i mltsggcoaulﬁuggthe il EfeiPe dath Fhhsfor DS EMBTWIRL 0D p@ml%vethgad LRad,
process, apd store i xel s een Eulesoefthe Once

UG 1.1 gr
a gl ven I ¥ gllsml%xon rch aé ?us 1S use? th pransrrét cé)mdna?fdf aél Enagp{l»e!ween thg/ oHs mo st or o)
it mist be Rt PEnE éYF'%Iﬁ"('S‘é‘éldeéfH‘ﬁd in g co-pending 2

lication titled Modular Compact Prmtcr Syslcm
Since the image processor 170 is responsible for transmitting an image to the Printer Module 10, the
transmission timing considerations are required for image processing parameters. The time taken to transmit a complete
image (850 x 534 L*a*b*) is 1.36 seconds (850 x 534 x 3 x 8/ 8,000,000).
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val ue adj usted according to the range expansion cal cul ati on defined as:
Pixel' = (Pixel - LowThreshold) x RangeScal eFact or where

RangeScal eFact or =256/ (Hi ghThreshol d - LowThreshol d) The process si nprf“{y 2003

i nvol ves avV @grRa5subtraction (floor 0), and a nultiply (PSBAU®NSNMg), both
agai nst color 10 specific constants. The structure of this unit is shown in
FI G 20. The red) green and blue |low thre8holds 199, together with the red,
green, and blue scale factors 200 are determined by the CPU 171 after
generating t he hThaeambal interiecef|@iconness e imesk prpeespor @ ipdividualzgtaticlylectricgimigydls. $ha¢L6Gr am

Uni t. Dependgnmgs Bhandibuednni87 (ci. R tiGel ThECHU 11Iiis6Blk to BBEANGchPF DL EREbnd afimdmbrg

pi pel i ne i Smippd)0 94 BAEw-spdad bub] 75! 8e SR RPIPD MO ihk ShBcibRW tle LA hRkach, and scal e
factor is nultiplexed into the subtract unit and multiply unit) with the
outputg witten to the 15 appropriate color plane in Buffer A The Subtract
uni t subt racts the 8-bit | ow Threshol d value fromthe 8-bit |Image RAM pi xel
val ue, and has a floor of © ¢ passed on to the
specialized 8 x 8 mul tipl Y5t ol s—tHE—8t bi t value by the
8-bit scale factor (8 bit S e soBShEON, TMTEGEr=1" )1t oOnNy the top 10 bits
of the result are kept, and represent 8 bits of integer and 2 bits of
fraction. The MK §hdldiNG RRSTeRALiIGOPup) IfeBict 1898y dd incdde)n ttﬁ%akeproﬁ:ﬂ&fcp!egtmghl gher

than bit 7 t
8- g|n t : nt eg;vl&?lbglasdDub @\ixﬁcoﬂﬁ&ﬂ{ ot ﬁng chipS Vg'lel; &%HIIH%]ICCQUI}UES Qx@ reé.lgednycllusmﬁls\é‘ él?ulltkl'n Se n :Aqragr t

;
from the subtt adg "lc"c‘)"r'laj %"ﬁ'&l’”ﬁ"u‘f" i Yci;'“uﬁ“?% in PR g BT’dlf"t' "°’6’F"‘%?" HHYhis unit
i s pel’ orned by ?’H@“EAHEfFSé‘éé"oc%’r’ré?'&"iué’r“%!!hm\}m‘F‘% opj 1§ "éfﬂ%‘éﬁ'@@l“}nn{s fte st at e
machi ne f orcoptigier. Thaiclpck 18F drawsa dxle sesabfrayesyes ertiflapnish. Song G9¢ inghaicla dygk sb tvalofkagtany S:  on
a given cycinsnl 1Imaynoaeqaaicess can be nade to the I nage RAM and on a given

cycle, only one pammmgmmbe|mdﬁd&>9m§u£ptueamégeoﬂmmﬁ.ml%m \zéuoi |§i3d.a%0ycl es.
3 sets of Lﬁagssaﬁl.@e.t%%%s@ agz){ogmﬁfeféﬁﬁmwﬁﬁ B el SRR BARSUL LSt f N

actu I usa rea

cycl 215 Thd We(f]'?ai"'/bee"’s"saiu ‘i%fe.b’éim%‘)’ism%f%ﬂ'}% f 'éffﬂeem W'B"I%?MF ?5f°“?§°’\7\?r‘l"?°é%‘%% red, 6

bl ue. 11 gr'&&My" nopysguted Fpulifeuel Rlaemepmoph requists &pir gatehthag RAMeandthrupesf i6dsvkl Fifsh @-hibpert | i ng
of the wi teelBispeysibBas tewpcasiynag b epa inghe imagetishiot fanb campirdd topygrhre®dedf t he Resanpl er.
Buffer A hol ds trhamakis iercdainagroa 15 bheliggRmaxyha Maed i ¥ahge @cesdidd @i | gi nal
Capt ure s pa;hicﬁ:lre sﬁlﬁﬁPJn Uﬁakc%(ogrgﬁm lWaﬁle lxﬁa?e Eﬁﬁa&ﬁrﬁeﬁl L)Mt ;89 TﬂEQHxJQé l&léoggttn uuﬁ:qlwor

rblets g ! 282:’ 020 &HUIIFL?{ %,H?cm Lﬂiléo ntﬁgchdwcgna aqmngh%S x%lg)gl;: gi' €ssin ulmoliut ch mvca ara bnggxgt étbsl e8

buffers 197 'B""T'é?’@“""f@’ﬂ)"“‘ 'héPfé“‘F‘(SPe’f%F%ﬁ?ﬁy%I“‘B’t"""ﬁ?‘?i’h@‘&?” 'ﬂéﬂ*cs ne} pavesfifect and

bl ue. Duri rgdemiesest's thisgmeegemary cycles, |6 entries are read fromeach of the
three buffers t Ahedmagt ¢antersUrt¥y78tabtansResmmbm hgmpe @G 82 viaguighagel BendontetfGke MBW

val ues ar e Inaiizksttie RGB @uabvid Llodkly @R 199L6hd RIS wiheds e 11Rafi2ed RGI AT QN ImddKARN GhSn iy t hE
scal esf act asmahgk plobt istweH FiIcQRt Ssub- pi xel position during resanpli ng) The

buf fers must be i 0 h | and &an. .oce
Wit hout i ntNeﬁrfer | E{ioqf?ﬁ o &%ﬂ‘é’%a ; ﬁ%mkpn&a?zl?aﬁaw S e%‘f{o%%@ﬂ @ p'°’f""a'° fn xel s

are read from %ix rows. On average each |nput pi xel is used tw ce.
The green pl aneRi“ﬁE%"’é“D vHPfé%F 0.5 for resanpling, indicating that four
sanpl e posi'ti on$: @aébe cOm#’abmed wi thin two CFA pi xel positions. However)
each3oow of greensanpl esazembynenol ds every alternate pixel. This nmeans that

40 only four s amﬂllrﬁa‘ée & lnlie%ml('mﬁ@k iS5 hte ﬁmﬁmeﬁh\ﬂgfnﬁtconﬁﬁﬁl?onﬁag’on&) othe Bbnal %MOQ ue to a
wor st case ld\iﬂé Stells@ llSZRﬁ:ﬁhlxg ﬁglj;xlct) s&nc E{Jt?sesfanr{!\e}nxel cli:;cp PIUYFS in orJer(io reag ?inalmﬁe 'l{leq Wy e ment of an

addi ti onal saecl e ¢ "&bl e col um
i s required™fore m BF iREge Seqrpmenag Wesm"af‘c’lt‘sdi’"é{?"e%bfy a"s’f"ﬁg': E”&Hﬁf"@?‘“ﬁ&“h&"w Seven
rows are requi réH’°‘fgb?"”%f‘y§f’H§F EnsaHA dlable Py fehrer eetoefilteramay (GFA Hiconsiddreg hegfby RGB

pi xeP% f or veypétrangleForsngskilted in the lrewilingneblaTomeadivp ek beihveitian Yotk indge Borormts, OWS .
Movenent in X atidsnagneusasypleMODbhsaDsGKiR 1) RAlsONBE to (RN GdRBIIY Nitedd sb QR@' of

Il 1 rows aﬁ’eﬁm\re@ﬂh“aﬂ]r@@ufacgu&.ss-glls;%ﬁhaghaglt r(nBulzgro%mtcly3 22w1t11 Mnd%g&

]98{_ 7 rzggg_ m llal%plE q:l;é &WIQJ)/QQ§ Qr?ang}_;lne%t 1! tﬁclqiaycr cgort}lter arrap %é Wlth caa\Z X.2 ﬁnxchlocE Fh%ﬂ?'{é\/\b )

sanpl es. FOUT gcgﬁne '°?%"e?f5’ép Pt atree gr"’é‘d’ﬂi‘ﬁ‘@dd‘fgﬁ’f“ °fﬁ‘e°"‘t°'é?§8§rrpl i ng process,

which is further increased to six sanples to match the green pl ane (for
startup purposes). Six rows are required to cater for novenent in Y. Each
sub-buffer is inplenmented as a RAMwith decoding to read or wite a single
10-bit sanple per cycle. The sub-buffers are summarized in the follow ng
tabl e, and consune | ess than : Bl SumBuf f er Com
ositionBitsRed Buffer6 rows xgﬁﬁﬁlﬁ?ss'%%( LE OBl ue Buffer6 rows x 6
samles x 10-bitsO 36 Green Buffer 11 rows X 6 sarrpl es X 10 bits 660
The Resanpl e process is responsible for generating the full conpl ement of
R) G and B pixels for each CFA coordinate by appropriate resanpling of the

ion




The tinme allowed for producing the conponents of R G and Bis 72 cycles.
However we nust effectively 10 produce RGB val ues for three pixel 71 N0V 2003
coordi nates: the pixel in question, and the pixel above and bel ow. Thus we
have 72 cywbag/722és Whi ch to cal cul ate three RGB sanpl es. BudiarangsoRCB

val ues to save recalculation requires too nuch nenory, and in any case,
there is sufficient time to generate thdoRGB val ues. The resanpling process
can be seen as three sets of RG generation, each of which nust be

conpl et ed Wi t hi rEach Bon@wt saipl€ bf®&SG. frfBAtorr@potiddig @lred rymati andie ebpapeieds 10ibseNa@fthazRh

cycl es) .  ThieRFRGRRR coinGRIMRAiHabolGni PonSdr RY], & BRERaA 1miG@Fkolof Intbridiibh R bS €€N

as three prn%ee, 9:%.:1%%5&12&%& in parallel: the caI culation of R the
cal cul ati on

cuI ation of ven
coor di nat e. Th| ?Aé‘f?“g?ftef\?eﬁﬁﬁfmmﬁ?ﬁ°%°f{ ﬁ’f‘ %“émi "ﬁ’ééﬁmgé%b"ﬁ%’ i3 lEJ)J(lll Ton filters,
one of eacHUREIEPRTEY *@iredt he i mage. In the case of the inmage processor 170 we
perform i mage r oongt ena isivoikelyi Haty a fampleel slpdespong Gihergfas therl @ bjiL RGB] s lef fomithe
coef fi ci entcFAimist @ c&ntiéOb binbridReak Bledd @dn-lifetrisdipes a2 ehsQ@ehd 8Hba s tambi&s bphaadys 0 and
thus the Sarmp%blpfaﬁe%lc be?coﬂt@tmerlﬁglylagke@ansal&g«tm%uﬁsmslkﬁB re&@rls&%llﬁga}m of the

medi um resg Is ‘sJJcriQ‘ﬂamﬁa 19!5 @l«:s (13 3 IO?LP xf‘hj b%g q‘cn b}l‘[l)s%f ad&lr p corgeqro% ﬂle Ism Rvo%%%pﬂﬁgsfléé I on

filter ont lum resolution

achi d¥ed bfe'Fﬁ‘FﬁWﬁblméﬁﬁcprEQJE‘ srsé‘tfdﬁﬁ't‘“'r'ﬁ%tl on f| lter on the G data and

cal cul ation of (ThrdmizeErpierpirisSer Mechits 0Begrisapntrel enalfr theresgr SB‘V”F“GHW #g an

i mage r ecoresiemeseddreas dr lidedrigng t@RGB ine fobblagkaitiag.the Aatellmaigh t he kernel s are
symetric in X afdodtel sifla€yn @i ISNRbrmith &1 & RiFRtaghuig pRAG fop Captuidg pifdsae. R and B
are likely to bend,g @Rk mlfoqterﬁatup%e ntaestmtntm il Belinlg Rk f\’orm%gﬁl For venlnes 0.2,

char E}gt eri St I zﬁllﬂ pt a%dreﬁs xsqle ch&af{gft:recn ertc F%r Oddtllge?(lr30}%t)ltt}o19|bl[a§8 sS iS (?reen B%f G{eﬂl frage 25

recondtructio eren ern evel VI ew o

process car?‘Béd’%‘é@ﬁ"’F“l't"ePI"@"Z‘l‘e“m’?h‘e“‘F@?%‘ﬁ'rpl ing process can only begin when
t here are enough 2pixaddress ij sept Behf fmage RAMpsgilye writ eddress for theripasg Thise Fesiftiryheld theduimyt
gener at ed. addssSor vecH df thdxed, grdae an@ Blgeplae) G add@sses increrhentnyyixelodre valiadnae eirpiae.been
witten to each rRfimdhCupG@UmiconRinddhiiber oftegiiéds (iReh absumhbiRcdRam adNphidgRle P OCESS
must ,gtall until that time. To caI culate a given coI or plane's rredl um
resol uti on—pi . 30 ker nel
to the 4 X <Ta " < Hy—a ket he ~ ~ =dch of
the four r{Gf&eRek T OUT | pU[ 1& AP mm.xaﬂ&nmaopl y The T D kernel (Ji ndexed
by y) on t{lMxRo@sul t ant Four 1@| xel Numbdrofesvsof praeds ifimepa| result i s the qutput

resanpl ed |fGugeaPixel Apn| yihg a 16 ng) Bxekearept M&&Esﬂﬂeach._c.)Lc.Le_g.i.ALes_a_tot al of
16 cycl es tCurenRow ot o p o £40, Romcwxmlymngpromssedm.. aRe—f-a4F eled to

in Image RAM' ve'the hext Red J‘t"\”’
generate t/h - i pi xe vatrﬁe, fBﬁ,ZS;’"‘ TN S ey ﬁ"‘ l""el’“ e,ﬁ:@itf,,:rm drds to

precision,| the input pikels are e.agmtenﬂtmpobitmeb@eafen)mereanleheker neI coefificients
are 12 bitls. W keep 14| 35 bits jof precision during the four steps |of each
applicatiaon of the kernpel (8: 6) hut nnlv save 10 hits fnr thp resijl t

(8:2). Thyd*¥fe sane copvol V& engl csso% %"ggg % smi“r x and

y. The final output of R G or lg,sg.sg uypo ihd t5te aft resarrplmg
t hen, invqglves 20 cycles, as shown in the fol I oW ng tabI e Note that Row 1,
Pixel 1 etlc. refers to the input|fromBuffer A and is taken care af by an

Addr ess Ganretiit or. SUBSTI TUTE SHEETaerRUEEWEPG)*M to sprehe pPENBIUR BIEEB Sahig stl0i| 722 6S
PCT/ AU00/ Q0507 -14 The PO C cle F% HiL e e %géb %}gﬂ;ﬁb ARETFRSFPED: Stior e
Result inlX 1Row I, Pixel 1TI\/P2)J How | I Xe Row 1. Pixel| 3TMP4X
4Row 1, Pi|xel 4TMP. VI5X 1Row 2,| Pi xel ITI\/P6X 2Row 2. Pi xel 2TI\/P7X[ 3] Row 2.

Pi xel 3TNHERnBEDW 2. Pl Xel 2 NP. Aadrwsmh Véven.rows] eXeR Ipixdls OW Pi xel
2TNP11X[ 3 w2 %Xe! 3T!\'/P12\(\ /1 I: nl LTI\/D \/21 Ql\/\ ’I Dn\lu /1 Di el
| TMPL4X 2RGW™A pi xel 2TMP15X3Ro Aaﬂ"’“'ﬁ"“ Bore Ve MRS Row 4. Pi xel 4T,

VA17Y 1V 1PNMBv8Y 2V 2TMP_ 19 3 | MQ&SSWNP@OW/‘[MS]/W"HW‘STNP (for output)
Buffer B Jmmm%e COTPt et eAds,esgﬁus@formmpbaaeixelsvarues (I0-bi t3 per
col or conr?een-t—)—f-e:—a—g-i-#en CEA-COOF .a-t-e—k-n—a—d@u-bt-%—bui-f-er-ed—f-crnat
(one set 9f°3 RGB pixells is bei ngc\zntigé;jo e o PV ELI POl s S  whil e
the other [is being wititen to 10J muxms/sat\aa:anxtunmbhyapm Resanpl e process). 5
The val ues are noved fromthe first RGB buffer to the second once the Col or
Convert and Resanpl e processes have both finished. This can sinply be
achieved by a Select bit that is toggled, rather than physically
transferring the data fromone set of 9 bytes to the other. The col or
conversi on process 195 nust pr *a*ph* pixels for the Sharpen
process within 72 cycles. Si ncﬁwﬁﬁ'@fﬁ%‘ggﬁ?k@ﬁpﬁg@ess only requires the L*
val ues corresponding to the first and third RGB sets, and only 10 requires

the full L*a*b* set for the second RGB set, we have 72 cycles in which to
perform5 col or conversmns (three sets of RGB to L* and 1 set each of RGB

o L — 1l e~~~ 1 - L \ —— N S I 1 I o




SUBSTI TUTE SHEET (RULE 26) 2 1 NOU 2003 WD 00/ 72265 PCT/ AUO0O/ 00507 - 15
on RGB2 to generate L*2 on RGB3 to generate L*3 on RGB2 to gene??atNéVzﬂm]j
on RGB2 to generate b* 5 Address generation for witing to Buffer C nmakes
use of th l.cal nature of Buffer C. The address consi -bi t

col um coerr%?r?g)ﬁizg%r epresenting which of the four colums s oﬁ@hmgse()?wi tten
to), and a 3-bit value representing L* 1, .L*2, L*3, a*, or b*. The colum
nunber starts at 0 each new line and increnents (with wapping) every 72
cycles. Buffer G %8&&%%? s&ﬂﬁﬁﬁyﬁsmﬁ coﬁl&ﬁ)m&ld@%fgﬂskeﬂrm&% n%Je Phe s?eféss 195)
where a conplg S% generated fromthe RG equi val en or a

gi ven pi xel LSBT e tmee SuieF %SF" C |s used by the Sharpen process 197) which
10 requires a 3 TelgassHigtogm Uniy (R A7q isdesigagfl 1 88t PBIE fF R forRst ifpRessath iahlep g
shar pened. @gsistitgrachrithé knage Higtpgramg/nit is erpictivaisep tiraé tmgs norrow direr, differpreigogiams areed f or
access t o tdamered, oxe pa c@dr plany. Each tithe amistogReOatheael, the 8sults® anakpded in &rBer bo B@emiRiHe @6 pAandi ng
a*b* val ue lfxg@'fhreShh@s s@mtffe&rs&ym RANGEreAin¥L4r the Mt plobks. SHRBBiSefIB prodkBEwiligXt three
L*a*b* val ue §wmopersossFue8"% ¢4l ated fromthe RGB vaI ues by t he Col or Convert
process. The act al i |errentat|on of Buffer iS_ S y as a4 x5 (20
entry) 8-bit RAI\W“W°§’H‘”ﬁsﬂfessﬁﬁﬂ?éggf%"@ﬁ“‘}“eﬁ‘ﬂ”’i‘ '5?!8%“?*@%?%%9 t he
ef fecti ve sidefdifrprywithin the BU Jadividughenrieygrereadfymansryrien i9ay 18-t guamitiebe | ncr ement ed

Wit h ¥r appi ng t Ohqimey Exti@cemencYratl(IEE)ABO pavifick &¢ interiada barperafcfinmgd RAMEISyand thle@nint S

t he equi val ikHace @e, a5 hbvintid Hig 190 MEIES Rrkes § Randikkhi firRi REB bRl 11O 2 CFAGEHNA! BERurkiGgd | ON.
The fact t hfﬁ:;n trIe nﬁgcflw raﬂdh‘:ro@tgés 'alm pQJula@d Lba*b‘qﬂ-;g@of *e&lunﬂtssor @glf'dr Eugsgquénﬁra&%smn

rel evant, an £ e saving of not having to inplenent
conpl i cat eg ghmfrﬂoxlé% ’auff%em%tug f aé‘a{?. In a %I ven cycle, the RAM can

either be writt &t 'PEe BPOFBRAPrrdHdeThdPes™ 9% wite processes have 72
cycl €8 in vhich Gedr&aiistete in order to keep up with the transmi ssion
process. 20 The rRelwempeen Unit 197 perforns a sharpeni ng process which

i nvol ves a .hi ghpasspafaict in@Ran@fExgaddion; | um nance channel of the inmage (the L*
channel ). The th ss filter used is a basic highpass filter using a 3 x 3
convol ution ker high pass filter is calculated over ten cycles. The
first cycle | oa °"vfrﬁ° f(grrporary register with eight tines the center pixel
val ué® (the ‘cent &P xel shifted left by 3 bits). The next eight cycles
subtract the rerfedlEY e pegormipll ofttiese finctiony pighghs excepfion f Gathdr Piesigtics. Ef perfprm dpiathert he
entire procetdles@epCiaCPY eallaedagipliistephas Uniliy9 e ek ddee per Ejog ¢hanc)(and appticslsimpls t he

mul tipli catdugmdggalgohmMZS result by a constant. This constant is the

representation qrftmuo?smm 1HUSs pﬁ,dJcﬁgJaéfoﬁﬁe st el .%et&;en IR augmta#acea' tered

?)C/) SB%%]E \2/?]‘ €ald¥icS Om’?fecnve rate of qﬁlgz a.nji the i mwﬁ dpr%Cﬁsor ll7§ ar@ at 2§ E;re P take (ﬁie serial mterfacMZ r%{ Legr EUt

copi ed to BUfPE "‘[?46'3?‘1' e P 63 s ﬁb‘ﬁi’i‘dc"ﬁ@“Pﬁ'é”%‘f“?s[i’cff‘ﬂP'@ TB‘T'E‘?E%‘“‘&? #'pen
unit can beydlrple produgy efet] I2*P3riplefhe adder unit 204 connected to Buffer Cis a
subt ract or w t h Tee IEU @adrmsGHe fdr. prodebd sE@bin FIS 19 0 peahbiel Thvi firshprdBessperfon® WhiterBathnceddod L

val ue dur i nengcwxsdneon%& sebond proJess péMdifchs Rd3@plink. It k@ YekforiBs dolontakhvdrkRS, adlif? foBAKDL I ACt ed

fromgpt. %Jn 4 faw,@e@.s dﬁac GEr b BEseSbRL rn@,etafanmnﬁgw,ﬂ &Jﬁa L of 0.
Du th F"E ﬁ db
sc;: ggf acte or é E“’%‘?mssesgc%(?“mﬂ%""ﬁeﬁ e Hﬁfp”"l%ogf'vﬂar Lenl;'Ie é'(r)"ﬁt’f"?‘(’)f?“ SO t'ﬁ’a Ite he v e

factor can iR T‘lﬂf:f,‘fié’mmé‘f‘ﬂﬂ‘%‘ﬁ"t‘f"éﬂl%'%ﬂ to TMP. Only 8 integer bits of the
result argaritten to TNVP_(t Buffefsizesdar jmage Ephancememibrint ed)) so the linit) from

the mul tigl yB4fit| FE®58 1 |f a scale facCOPPRFPYe S used, the 35 |maxi mum
value writiten wil| be 226 (255 x 8 / 9). The scale factor is 8 bitg of
fraction, [vBufihAt he hiigds DiRed B I“Ggemfﬁﬂgles:l.@ &busﬁk@hdﬁeﬁs:aesGener atron 207 is

strai ghtfdqrward. Witing |tEreByffefchlingpofi6ent ‘}gs qaeh =43¢S and b* in cycles 11.
12) and 13 respecfively. F?é"éﬁ?“rtfa'”rlgfﬁ" Jf“f’eé b'ﬁﬁ*’_ﬁb ggy&s of the cyqlical
nature of BEFET (€ THS UULETSROBPRSL 51 <8 kntrids & 1056tk cath I TA5BIE_COITPOTTETt

(represent/im@rani Ch oOf 2d e xs@am col ums shoul d be read), and a 3-Dijt val ue
representifng L* 1k L*2) [|*33ines gf4 entrigyof h @ E-bipyeach e PAbyepn nunber starts atf 1 each
line and i|ncrements (witH AFLpiAET CEPLS" 75 cl es. 40 Shar peni ng |can only
begi n whern BB € TaVe G L3HE*pixéld L2315 eluicild BhuspdckDd tyiesf 1 LT €N 10 But fier C (so

that the : n!ﬂncee 'Fl | ef LJ: 1Al rl\ Thn chna H-G6-eSS—ASE—t hnr nf ore

HASS Sy re—ShHarpeR—proeess—Hst
stall until the color conversion process has witten three colums of data
to Buffer C. SUBSTI TUTE SHEET (RULE 26) 2 1 NOU 2003 WD 00/ 72765

PCT/ AU0O0O/ 00507 -16 Buffer D 198 holds a conplete L*a*b* pixel value (8-bits
per col or conponent) ready to be transmtted by the Serial Bus Interface

| 76 to the Printer Mdul e 10. SUBSTETUTE SHEET (RUME 26)buffered format (one
L*a*b* pixel is being read by the Serial Bus Interface process, while the
other is being witten to by the Sharpen process during a 72 cycle period).
The vaI ues are noved fromthe f| rst buffer to the second once the Seri aI
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PPO9 _ - 17 2 1 NOU 2003 CLAIMS | . A nethod of image processing an i mage
in a camera nodul e having an i mage sensor recording an inmage, sai dl md0WhqQp;
i ncluding the steps of: capturing an imge from said | mage sensor; 5
storing sambeéwrmazss i n i nage storage nenory in a planari 7 eBCT/AUE0SIRGE f or m
and transformng said i mage from planarized Iinear R(3A formto L*a*b*
form Z. The nmethod of claiml further ii&duding the step of transmtting
said L*a*b* forminmage on a bus of a conpact printer system 3. The nethod
of claim 1l wher eThaatkhSoasitgHuffdh | R &M tHe ImipeR ADA18 involva (he stdps 1t Wikel@iinct heragt ep of

i nea_ri Zi ngex%ﬁil(ﬁl lélrrﬁagﬁxcfs ﬁ&memdu§@-§mq!uhm% eﬁ@gﬂ%%exrué-by ti%arﬂﬂﬁﬁﬂ%@ssoﬁlsﬁkaﬁi m 3
wherein t he[hﬁhﬁx?g}a%%\gll &QH cgélng\ élurﬁt n'BS aBg tgﬁg pYchs gﬁd t&e%qdﬁ:ggs upéi&els hdell

et hod of ¢ | hC Ing t e step of generating a |stogram of

i mge data FEFPESch |mage color plane. 6. The nethod of claim1 wherein the
step of transf or FCTRFVELAE his hestyend frofihe spRegriae fianc inths reaseipre. itqgst bepphitedbalgeed sndisse and
range expan¥iuomijusiqdacserdinsitd tipgangeciphngen cdhticedeiedmy; and sharpening. 7. the

met hod of cPiad’mBremb1ewTRIedRold) B Ran S RIFFaBdr Whi t € bal ance and range expansi on

requires CoGkR®kA mzepafm,easskmm@lm mrm}mw using the formula: Pixel' ~

Rangescal eFacl or o Be VAR R EpAS ool S o ot it

cl ai M% whelP&ifiRepyas g’f"é‘ﬁ'“ﬂff“f“&'&‘ﬁﬁ'i’”ﬁ‘@ '&éﬁerat es a fuI | RGB forminmage from
avai | abl e dat a. Theredrgreen prd plpedet tesfshofds K9P, rredthen it hepdngreet and Slpespsle dptorg 200 5y

conver si on ¢ewgredts the ORY 17 Udftkr edR@Bnd tphigpdrame @yesadh cola plank ¥ia tee*lfpdge Higogam 86t | mage. 10.
The nmethod of cl Behditifg MURRINE ihblcutrdGix8 bedg podessEIQ] 1R DipSa A gider) 6} LG M Sdprépridiche f ul |

RGB form i n3gRreinfla SMschte iiolts millcledd thIBOGouY urke brla mliliFREAT, whhHe SldQIRLQR- 11. The
nmet hogd of c%pgp m. 6 { he step of shar peni ng i ncl udes hi ghpass

riate olor ﬁne%! gx‘xﬁ'
filtering o ) L*a*b 12. An i nmmge processor
for a canera m)dﬁf %‘“Ffﬁ\?'?“ﬁ‘&"ﬁﬁ ‘h‘f Brﬁé"é’ Tgrésﬁ‘g‘b"?]“ qﬂﬁfh" S0iImage BAM ois! VPIpFggLnes adlagr g

i mage proce¥8dpe S repuitiseisyagen toghesragializedf x §ypubiiples wnil whigh iiipkies thesfrbiy aiug o thrdribycyje
associ at ed fasudr 1§ bisai frction ineges!). riyoe @8 Hibiwgf tharestly arekept, ahd Brragr &bim affpegerayd 230X | Ng
program st ofstioh. e nRNfRhksia @kl BylinSR b8, sEi@aY BihlghePih ) G 501D Grve bien ket &s DreQPQhAL € Sai d
canmerg nod UllmﬁantheQﬂlRts% ﬁteg%ﬂ&s&lt id sEF?cQ? and?he ﬁm&ﬂﬁpag Cet :UPr e ' nterface units

communi cat i ng WI g TEB suguacuon am? mv.tlLIpP umts (!iae fmjonﬂr och in tﬁﬁ umt 1 gorme%i) eaAQ§T renory
ki

storing said i nmage ¥ i mago
storage menBy§H “’B‘“‘Uéﬁfffcf“ﬁ'l" mbi‘”&fd'&%‘?f fﬁ’gj“"ﬂ‘i‘i'r The ‘éf'f’fEFs Wf"ﬂ“ﬂu‘%ﬁ’@’&d%ﬁ%@?“ 83 d

i mage capt usiten Qe enlyopeecess jamiy mads jothe fopgeRAM; andemagixdn dycle.qelpane a5eeyy e be nadedp Byffar | ng
sai d i mage A.10fSeli2 ehvailalbity@es, 3 tsaofig €yclesatDied by itha RBAn@lacitrircadig Bhffe e THe adi@iBsage@3m  and
40 i n@ge prasassdydg, “wnietmsas Followed Yy B W cfefal, Ml iviéd altdihl o 84 ChildblABYIIeS (6 bDINRY@ r R NOI Y
to transf ormesl%aml ﬁﬁg.s;m QID-RLARM ZEda me% of e Q8 Bk Q cdimefde WAeh gnf o4 for
transm ssi ocncm}(flheRes le bus interface. " The i mage processor of claim12
wherein said i ocessor is an appli cat ion specific integrated circuit.
14. The i mage r%ff"éé%‘?’ ”"'o‘l”h“&'l”ﬁi‘cfﬂﬂ%ﬁﬁﬂ“ﬂédrp'*&’b%?‘iné‘i‘“h‘@p“gec?“é’c' Bttt y

associ at ed welt'%fw%‘i"a 1¢Rispaf poler regintiop campireddp therihageRAMimagestorageispies resplutian g febits PANENDED
SHEET0! PFJ \bive.

Buffer A is arranged as three separately addressable buffers 192r, 192g, 192b - one for each color piane of red,
green, and blue.
During the course of 72 cycles, 16 entries are read from each of the three buffers three times by the Resampling
process, and up to 29 new values are wrilten to the three buffers (the exact number depends on the scale factor and the
35 current sub-pixel position during resampling). The buffers must be wide enough so that the reading and writing can occur
without interfering with one another. During the read process, four pixels are read from each of six rows. On average each
input pixel is used twice.
The green plane has a D value of 0.5 for resampling, indicating that four sample positions can be contained
within two CFA pixel positions. However, each row of green samples only holds every alternate pixel. This means that
40 only four 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 five. Finally, an additional sample column is required
for writing. This gives a total of six samples per row. Seven rows are required for a single sample. To generate the three
sets of RGB pixels for each X position. the maximum movement in Y will be two rows. Movement in X adds one sample

row above and below. Consequently a total of 11 rows are required.

SUBSTITUTE SHEET (RULE 26)



PCT/ AU0O0O/ 00507 Received 29 June 2001 PPO9 .18 2 1 NOU 2003 15. The |mage
processor of claim 12 wherein said serial bus interface conmunicat NGy 063 a
Serial Bus of a conpact printer systemincluding one or nore further

nodul es, swo®osREs al Bus comruni cati ng power end data bethr@Iexu0g/adse? caner a
nodul e and said one or nore further nodular. 16. The |Inmage processor of
claim 15 wherein said data includes i magé-data transforned by said i mage
processing 5 units. 17. The inage processor of claim 12 wherein said
central processiTigrednnd tue pligheshavirk 2 valde of ¢ Ofat resarplirgrindicaing thandjocattonsaimdesontdnedvditrin 1.8,
The .image g Qs F6Ur safiples Gdr Rl Bk deqlirdd R skinp g prb@@.%xclﬂﬂﬁnh&ﬁncﬁﬁddd: s Bepl€ilio NOI €
interface upjds, b PR Bl Gl SR Erii o SOBTHRLARLIVIY Wi Lh @ take

button for init IEaél gl(g)flg.r |Plfn1l5‘enre ed as a%gM with (gcodlrrlfxo reagar wnte a su%ﬁ lé:t?tgmnﬁ rle 1-l'he is

19. The i mge

| ess fhan 15%]%&‘1'@595““%"“%‘@“ fi"‘l"?‘ﬁ@fd“"bﬁ‘?%‘é‘%‘g‘b'f‘“lﬂfn ‘a"é‘Fsm 19 wherein sal d i mage
storage nenory is approxinately 0. SSiBvffeclomm@y]  The | nmage processor of
clai m 12 wherein salldpBuiss m%ﬂ%’““;?"grmfn *hezﬁgsf* Kbyt es. 22. The

i mage processor of cHETHIA—wheIEEREaRa L B t-eh—fremoriii-s—no| greater than
2 Kbytes. 23. The | rtggs, MEGCEIS Dowllo sdubigtlTo sh2 WIE[ Sl T @@l 0T Mage processi ng
units include an image histogramunit and an 15 I nage enhancenent unit. 24.
The i mage procesgiessmple frdcatd iMesgonsithd 16 h@iriingidinil cdrﬂmﬂéﬂ:oemfmadawmmormicm

i ncludes a %&:Ja@ b)ba rd%nagcecs%ﬁg brdfd gﬁlc ﬁm& rQn@e Jed R E‘u%ﬁ nH .l» t, color

conversion unit ? [ AU ASI AS@A. A
. Au. AFr. A . AFaf ‘iﬁflﬂ@aw i E%ﬁn“"gﬁ @‘W Cﬁ : %';5 K "2’§ e ) e

[\ ei 10} wr notrevarReByplees fof ‘E%FjPB‘%{Eﬂ°E“éﬁ‘%TWé]"E*F&U]’SE‘Q] "6%{]“’(?’*‘%{}“{?56‘]‘ ey Bavyeeaeficay] cau

] ca] caU] c a] ods vabfhoaddpubatedre B} eaflecal] ca] cal] cal] ca] caMBHz?dP

#1yl Z"" TH#3$%98% Buffering RGB values to save recalculation requires too much memory, and in any case, there is sufficient time

Y%zupke [ U] qwegﬁ]e%]@mﬁﬂugga] ca] ca] cal] ca] ca] cal] ca] cal] ca] cal] ca] cal] ca] cal c

aLJ] Ca] Ca] Ca] ca I' S e neration, each of which must be completed within

%%3%!—+++811W@:%% T% Ségz&%&@ems%vl & BH68 Benerat h of which must be completed withi

HHHHHPIH- Ko NF* REEEFPsedeh iy CEAPEGUME BT ER P AT RRE S WA R TP LR T a) ca
ca] ca ca] ca%ﬁ‘é‘é}wefa‘f%gﬂx 8[@31% E%;'@&B%&T ‘E‘afﬂﬁ'j“@r]‘éeﬂ“ Eﬁ ‘]‘" "1 &Y]YYY$]Y
given pixel coordinate. This is effectively running three image reconstruction filters, one on each channel of the image. In

aacm ddek e ofddisdgnp ishgé ssc@dr vig wgihdAh trbafe fecobearictalljic vk eaplamhns ahoml daldetanea] cal c
a@!{ E ﬁtJ] Cﬁl E i']& ﬁﬁvﬁﬁ%&@m @fg}?ﬂg&ﬁkﬂnﬁ%ﬁﬂoﬁ%ﬁ&]s%k s&&pyﬁa&ﬁ@m: aJcal c f J cal

a :t eq,\gjm.q EACTAESA R 6lG2 uqa, cal] ca] ¢
aU] cal cal] cal] cal] ca cal ca all ca cal ca
C;J% C a] C a]U]c a é" t@z Calc auon f lhe diunt resolution Gapllffitc ie egg .runmnganl gc rcc nsu'u lon ron ] U]
zJz{{|n]|] }*&ﬁ%w&e@ywmyamd\@mzwhwkm'f@&rve%*wr’e&]zeramzefaq%w%&l}ewwr ca] caU
] cal] ca] callj dajasmithdakegdifomnaet ¢ af o dbfcajt tatdhcicshiopatide B jnd & bif tkaly oad)] ca;
| ?p) 6. >1 ~y Sikdife K@l a%e) theirGinbainkhgs auakikic alaa Upaa) wabhoapicatdicalotiadd ca] ca) cal)
ca] cald] ca] CabgfibioR ntsPHated hifiRdnO@hd. m#gﬂ 1@\@4]&@1@@%&@1& gellef @ FIG 21.
* VW OpTac-xsmhblih X§ %Jolélsg b 19 L G Gk idHhéihe aUl ca
JcaU cal Ca] C Ca Ca %la g{iﬂ uCa Ca dét} (?vc% Ca o ecalbrancs in Buffer A, The
SY} @~wr |
U\? cal] ca?/j ‘I'f&U]“&&a‘f‘EﬁU}“&éf}”d‘a‘lJ]hﬂél‘]‘%a] cal] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] c
a] caJcJUH>*{ vql fTafadhind 4siven|coerplent ainedinin eeéodlianaiket eijue & javeed} eveltspadaple 39 weltpeca) cal] ¢
a] caldpca] calelhd @ he 8t sarspjeaind fcapgdlyoaa Dkl (iedatel Bya] aadd) & ap matd}veai%m?npmmltsj V4 @wgl f
a[ Vhe] | ca] cgbbfithe milbbepdnadddlh t[ﬁ];mlf&mﬂ piblebalaabl malad e adraadsde U] cajca

U ca] caUl cal g gaﬁg%% il &8 Cg,% %ag;é%@“’géﬁ%}em%‘l&% Mb%Jg}oﬁ gLfJ]ag

L] oa] cal] ool ERIE I e 140 (o s s

Z3~xsni cMYSU| ca]\\ﬁta]ewweraqsea}heaq%w E%f]’“bé‘]bé%{ﬁif)@a‘lﬂﬂc‘;‘é}@&]“e'afﬂ Rajsc¥keealcal cal
cal] 4] cal]wadf palproatng titfow stfps o bk toadlicaddpOlz kam! (8:6). but only save 10 bits for the result (8:2). Thus

. 3(ebU| wgl fiadsMie edivébbin}ieaidbenddontaalvagink say. crlthcalpaai k ald Eadablscal cal cal] ¢
a] cal] ca] cal] Ca] Theptdbessd] eahdi {;ga;]emwv@sab GadllCadvaauc adul v REIVBWE Sf REMVExel 1

Pnr { vgkf " [ Ui.C. Y§ M salsaldcalsa %Jlr adsald cal cal ca] ca] cal] ca] cal]
caV] ca] caV] ca pf a] caf Lﬁ? f %}] % ?acar el o

$46L/ E[ ’\6D|Vkr{vqkf [ U c"YSU] U] ca] cal] ca] cal] ca] ca)] calU)ca] c aU] cal] ca]c

alU] cay] ca] ca] cal] ca] calU] ca] caU] ca] cal] ca] caU] ca] cal] ca] calU] caU] ca]ca% .P]ta
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hnve both finished. This can simply be achieved by a Select bit that is togglcd rather than physically transferring the data

O

from one set of 9 bytes to the other.

The color conversion process 195 must produce contone L*a*b* pixels for the Sharpen process within 72

cycles. Since the sharpening process only requires the L* values corresponding to the first and third RGB sets, and only
10 requires the full L*a*b* set for the second RGB set, we have 72 cycles in which to perform 5 color conversions (three sets
of RGB to L*, and 1 set each of RGB to a* and RGB to b¥).

The process requires 14 cycles per color component, leading to a total of 70 cycles for five conversions (leaving
2 cycles spare).

The conversion is performed as tri-linear interpolation described in co-pending application titled Color

15 Conversion Method for Compact Printer System. Three 17 x 17 x 17 x 8-bit lookup tables 202 are used for the conversion
process: RGB to L*, RGB to a*, and RGB to b*.

Address generation for indexing into the lookup tables is straightforward. We use the four most significant bits
of each 8-bit color component for address generation, and the four 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

20 due 1o 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 multiplying a 4-bit number by 172 (289)
is only slightly more complicated. requiring a single add.

Although the interpolation could be performed faster, a single adder is used to generate addresses and have a
single cycle interpolation unit. Consequently it is possible to calculate the interpolation for generating a single color

25 component from RGB in 14 cycles in interpolator 203. The process must be repeated five times, once for each color
conversion. Faster methods are possible, but not necessary.

A block diagram of the color conversion process is shown in FIG 22. The basic 14 cycle color conversion
process is run five times as follows:

on RGB1 to generate L*]

SUBSTITUTE SHEET (RULE 26)



& ()-. S1T10% ' & ()-. LF10% ' & ()- 'YI0%' & ()- YIZ10%'
& ()-ULM N OQRS| [: bU4.; 10 ° $10% & ()- ° $10%& ()- . C $10%1 Néi b3
$10% & ()- Q $10%' & ()- =~ $10%R& ()- STUQVWWKY|[:bU4. ;10
* +3510% &Rin0)poRazE8S10%8& ()-n. K 110% ' & ()-. ° $10% && HAT/AUC08sD% & () -
Y $10% & ()- <YYYYYYYYYvU4. 10 & 310%' & ()- F10%' & ()- &10%' & ()- 10
10 ' 10 ' =&10%' & ()- : ! 1098& ()-W¥Z[\~Ax_|[:vW4. ;10 $10%Ae’ A& ()-
+ $109R& ()- " $L0%&T& ()- 9$10%' & ()- S 10%' & ()- !10%' & ()-x_ ;
aal bci d| [ : viA4. ; LoRGB2YO@ikA®®*2& ()- O |1 [$10% ' & ()- |[$10%re' Y& () -
,y10%' & ()~ s! Joqa/ég%',,(gxmm‘c&w%ﬁ&<&' ()-iddeheHf Agwg| [:vWU4. ;10 F.$10%c& () -
@:'10%' & ()- ‘OL@;;% %’Tﬁ'{[ﬁ | ($109%F& ()- ':!109&R& ()-
y&10%' & ()-wgij NA4. ; 1010e' 10e' 10e' Y=10%" & ()-
3:310%' & () - & EPF T $100Ke’ K& () -
F. $10%e’ T& () - ae@mewlqe P&wﬂpg tnPuffer Ckegyse of they qyeigagnatury offBuffer G (Jbggddpeys.cqnsists of
CF10% & () -22bk@mEtofnponenBrarBefidy whiph-of Bf09/EoRm(s pho@Rite »fitieh \wHarh{ PNt represertice
, $10% & () -L*f, L*2, L*$ 20 84&*. (Me-colidnin numb8 LEHYE 0 €akir newt line anﬂiﬂla%e&: ((vi)rwrdbpingf dvdORRRley ) - f
fl 1(?%0&' () f n4F§LfH‘ é—gdd\ﬂc BM& gl}rm-tge ColorGoW@c&s 1(93 Where aLompIelSSﬂ-'Q% &xe(g T
gi‘g Oi&g' 8 gegcerat)%dz ﬂo%ihg @é‘e %ﬁnt foibgwév%%(}agptg }SufferCu used by tté?s%:a)rpen I 6css]}'(9)7 \ihé:p
sy=10% & ()"““"““”‘ﬁfiﬁ%ﬁf&““{"}“ vales “°“‘°’§fbﬁf"<§'?° zJ z{ {%} aEvU4. ; 10 3Y10h
10% "' & () - fh 1(gseagenly)duning thy hergenigg proyess: meleowreﬂd&fiﬂ)esswhe 1 DY iy ance values, s
310% " & () -veft fsfitf fofrebpoudibg 2*b1 GUuBtW B lentOSrgtaie fijeh At te spmd fdgheex tiree U‘la*E_‘O%;k Blsi( ) -
be calculated from the RGB values by the Color Convert process.

The actual implementation of Buffer C is simply as a 4 x 5 (20 entry) 8-bit RAM, with the addressing on read
15 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 the fourth column of a*b* data is not required is not relevant, and merely uses 2 bytes at the saving of not
having to implement complicated shift and read/write logic. In a given cycle, the RAM can either be written to or read
from. The read and write processes have 72 cycles in which to complete in order to keep up with the transmission process.
20 The Sharpen Unit 197 performs a sharpening process which involves a highpass filter of the lJuminance channel
of the image (the L* channel). The highpass filter used is a basic highpass filter using a 3 x 3 convolution kemel.

The high pass filter is calculated over ten cycles. The first cycle loads the temporary register with eight times the
center pixel value (the center pixel shifted left by 3 bits). The next eight cycles subtract the remaining eight pixel values,
with a floor of 0. Thus the entire procedure can be accomplished by an adder. Cycle 10 involves the multiplication of the

25 result by a constant. This constant is the representation of 1/9, but is a register to allow the amount to be altered by
software by some scale factor.

The resultant sharpened L* is written out to Buffer D 198 during cycle 11, and the a*, and b* color components
are copied to Buffer D during cycles 12 and 13. The structure of the Sharpen unit can be seen in FIG 23.

The adder unit 204 connected to Buffer C is a subtractor with a floor of 0. TMP 205 is loaded with 8 x the first

30 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 is muitiplied by a scale factor 206 (typically 1/9, but
under software control so that the factor can be adjusted) and written back to TMP. Only & integer bits of the result are
written to TMP (the fraction is truncated), so the limit from the multiply unit is 253, If a scale factor of 1/9 is used, the

35 maximum value written will be 226 (255 x 8 /9). The scale factor is 8 bits of fraction, with the high bit representing 1/8.

Address Generation 207 is straightforward. Writing to Buffer D is simply L*, a*, and b* in cycles 11, 12, and 13
respectively. Reading from Buffer C makes use of the cyclical nature of Buffer C. The address consists of a 2-bit column
component (representing which of the four columns should be read), and a 3-bit value representing L*1, L*2, L*3, a*, or
b*. The column number starts at 1 each line and increments (with wrapping) every 72 cycles.

40 Sharpening can only begin when there have been sufficient L*a*b* pixels written to Buffer C (so that the
highpass filter is valid). The sharpen process must therefore stall until the color conversion process has written three

columns of data to Buffer C.
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a central processing unit;

progrim memory associuted with sald ecntral procesaing unit, said program memory storing progrum stops for exovution
by sald ccniru! processing unit o operatc xaid camera module to capture suid imagy;

35 one or more interface units communicating with components of suid camers module;
image storage memory storing said image;
an image capture unit in communication with said imago storage memory, said centru) proccssing unit und said image
sensor, said image cepture (mit capluring said image from suid image sensor and storing said image in said image storage
memory in planarized linear RGB form; and

40 imuge proccwing unity in communication with said image storage memory to transform sald image from planarized lincar
RCGB form w L*a*b* torm for transmission by u serial hus intcrface.
13, ‘The imags proccssor of claim 12 wherein said image proocswor Is an application specific integrated circuit.
14 The image peoccysor of claim 12 further comprising soratch memary assoclated with said ventral processing unit
for variable storage.
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22, Tho image procsssor of dlalm 14 wherein said scratch memory is no greater than 2 Kbytes.
23, The Imago processor of claim 12 whervin sald Image proccssing units include an image bisiogram unit and an

15 image enhancement unit.
4. ‘Y'he tmage processor of cluim 23 whereln said image enhanccment unit includes a white bulance and range

expansion unit, resample unt, color conversion unit and a sharpen unit.
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