e3eX\ L& TXM [21 NOV 2003 WD 00/ 72266 PCT/ AUO0O/ 00513 -1 COLOR CONVERSI ON
METHOD FOR COMPACT PRI NTER SYSTEM FI ELD OF THE | NVENTI ON The i nventli lofV 2003
relates to a conpact printer systemable to print full-color, business card
si ze docunments 5 from a device about the size of a pen. The system i ncl udes
vari ous hotwoowmesst abl e nodul es that provide a range of fRAOTEAUOYNESI3 | N
particular the invention relates-to a color conversion nethod for a conpact
printer system Reference may be had to “do- pendi ng applications claimng
priority from Australi aiy, bk emivek@oalieTReb 86K coMRbT SaiieRBvseirber PQO560 dat ed
25 May 1999. The co-pending applications describe related nodul es and

nmet hods for lementing the conpact printer system The co-pending

appl i cations gﬁtﬁ)b P ASTHERY N pcT Application Nunber Docket

No. PCTI AU0DO/ 00501 PPQ FraPr Eierty COmepre 2ptmrPiacet Hosospius PETrANSTLo0504PP04
PCTI AUOO$ 0050 5ROIFRETONLONE 00 B:ATRPEEPTTIIAYOS BOSOTFMPo O ihapodit 00s08 PPLOPCT
/ AUO0/ 00509 PPlfuhdd6ad. /i thG3 T i ik BE5 hlcMIONER Bk B 3 étmhtt Ak ds051 4 PPl 6/ AUOO/
00515PP17 10 BAWGE@ELANDmQ%e ol e ii6tbnMiatidind BhoRS FrdnDibbGliaBOsbAGM | N

techni ques hay T.Lagr Il PRl ) oo . L oML QU AR BB 0D | €

hones, persona neras are ver
20mmn e)F()an'pl 13 O ,?fﬁiemcmmﬁ%lc fomPactfnnfcrsBstem?rrgcg:g g'?l_a)pp%:anonsarc asq‘o?l that has no%/
seen the advantage of microel ectrB?ﬁ‘t?P'ffﬁﬁﬁ?"&t?f’urli??ﬁt‘t“@Chnl ques is the
printer. Commercially available pri REBASYPR | ar geP®bnpared to many of the
devi ces they could support. For insPemaisdos® s jinpRoacticdl to carry a
color printer for the purpose of [ nsfmadobgospr | nt If nepophot ogr aphs taken with
known conpact digital caneras. A [CORPEA UGNt Neqdprons begn descri bed in
co-pendi ng Patent Cooperation Tr eat-ycaiusssatToms $gg ec—28 si nul t aneously
to the present application and he TI- e gs reference: PCT
A lication NunberDocket
Number PCT/ AUD0100591M 62PCTI AU001j00 578 %PRET1 aupoffdbs791 JM62PCT/ AUDO/ 00592
MI63PCTI AUOO/ 00590MI58' ~b~t bs SUMMARSAYRUPRE | NVENAR'ON | njone form the
invention resides in a nmethod of |coORGRANHSI n an PRihge 23 processor, from
a first tri-color space to a secondetwavee®bior spaceri2 sai djnmet hod conpri sing
the steps of: RECTIFI ED SHEET (RLLI:p@nAuowoosxlz’Hlb 7 Bp1iNO0T 2003 PCT/ AUOO/ 00513
Recei ved O8 August 2001 ' -2-. readisEHaveh605G COM POPRTET S —off pi xel s of an

image stored in a first tri-col or—s?@m[s. orfifAgE$+—+HHnear conversion
of said color conponents firm saildtrst—co s ai d second col or

space ust ng aqmtﬁgk% 9 bakisgvidioly capabl e of executi ng only a si ngI e
interpolation in cas daid inter tion . unit executin tiple

i nterpolations in f%ﬁ“'é"‘ﬂ‘%‘f% 'efhﬁ'"“f:sé’g ‘f’? *‘%’3‘81&““?&“"8 "8WBSrdevg‘i5%ﬁent and
5 storing said %mﬂ%ﬂ EETBAVESHIGREHEE™ 4T Ve SPETICRrEes St PR e at i on.
Further featurmed of the invention will be evident fromthe foll ow ng
descri ptison. BRI EFOH&SCRhdPES folNeeRe adialitagd IRANENESNid nanugrtahpy teduiqua 8 Sk ginternM t h
descri bi ng pr ebmfecanl a@NdBo phntd® B 152 0mpirdd @ miardy ¥R IIEVRA theylc@i dRippIRCFEr ilddarkd, it iDE  MAdE

to the 10 fol liQykddiobdndbdofSoritdd oV WiphrRdse ofiksfahty printhg photblrabld tafth withREbWh Smpadt | G 2 15 @
canera nodul e;y Fl Gl S @ rrermry nodul e; FIG 4 I's a comunication m)dule I

cdine!

SFIG5S5 f Fash dul e
nodul e; IFIS Ga8 i Ssan rrgnip?lée" ?‘headh b‘ie“ Jm‘?—’?aé' K] pmgmgmm{?ml’pmm %my #Bldaurm hase

simultancously to the present application and hereby incorporated by cross reference:

PCT Application Number Docket Number

PCT/AU00/00591 MI62

PCT/AU00/00578 1352

PCT/AU00/00579 1IM52

PCT/AU00/00592 MI163

PCT/AU00/00590 MI58 "10s103*

L

SUMMARY OF THE INVENTION
In one form, the invention resides in a method of converting. in an image
25 processor, from a first tri-color space to a second tri-color space. said method comprising the steps of:
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20 FIG 10 is an adapter nodule; FIG1 | is a pen nodule;, FIG 12 iSZ&

di spenser nodule; FIG 13 is a first conpact printer configuration: '\@Vlzﬂﬂfl
‘i s a second oonpact printer configuration; 25 FIGI Sis a ttﬁ‘?’ﬁ%ﬁ@ﬁéﬂ
priinter configuration; FIG 16 is a fourth conpact printdRecgiyad P§duguast 3601
FIG 17 illustrates the Image Print. Chain, FIG 18 illustrates the

t r anst or mat iP8Hs required for Lab to QW coI or conversion; FIG 19 represents
a tri-linear conversion fromlLab to CMY;_30 FIG 20 is a bl ock di agr am of
the conversion process fromLab to CWY; FIG 21 represents a tri-linear
conver si on f k@R HseRonipsherksdBpixei bran imheEatcd in airsarriddiodgphee;di agr am of the conversion
process from RCR, trplmteamtaﬁmatdmmR,m,m,@euome BRERERRER, SMBODI NENTS

35 Referrin qls b an Inte Cﬁmon un'?m?aglb of C){lgl %m an%Ia?(cﬁ il e&”&clﬂggltmc?p%lmtopf%l toget her

forma conpac d" ttached and

det ached fro‘f‘ﬁ°‘t“ﬁ%“‘“88‘r°rd5i?¥'““ﬁ‘t’f"ﬁ't“5§' %%%P.%“’F‘ét“t%‘ﬁ”f" oo OW A ool user - def i nabl e
sol uti dn to feregsyeuyeredoler caneoqset* int st $pec w8y es can al so be transferred
from one conpact Femheritatwres df te iavanid ik bewyidedi Gont the Pllewipesdeseigfiona secondary conput er
system Modul es have a nminimal user-interface to allow straightforward

interaction. Bﬂﬁﬁs@@ﬁmmbﬂtm@yst em oonfiguration consists of a nunber
of conpact pri ntqn letoasits?s Con %g%e ﬁ{egtgsignhn%r ftheﬁlﬂvgﬁon,r %%ll&g#dlnoqgc modul e

has a function thal con overall functiona ity

parti cll ar AREKEiErSipLhish: PEA/ AU t 1 NOV 2003 WD 00/ 72266 PCT/ AUDO/ 00513
-3 conpact PFIG ht dfa pdwerfmedyler at i on. Each conpact printer nodule js typically
shaped |i ke paet iof careraddiile; physi cal |y connecting with other conpact printer
modul es to fasm tihenmeRéa@t.e pen-shaped device. The [ ength of the conpact

printer dewﬁ&dqpleeg,gh%ont,m;ﬂcnurrber and type of conpact printer nodul es

connecfed. Th functtl |ty of a conpact printer configuration depends on
t he corrpact ﬁg)rl nte ‘s in the gi ven configuration. 5 The conpact
printer nodu 188 c‘bh‘ﬁﬁ'd't Ll50t h physically and | ogically. The physical

connect i on afifdwsis niesercoddlss t o be connected in any order, and the |ogical
connecti on i BGBakiem cfeatrgodglt; by t he conpact printer Seri al Bus - a bus that
provi des powacg ak 4 aeted Reueodul es to sel f configure and provides for the
transfgy of lnqda&grdggﬂcof physi cal connection, npbst conpact printer
nodul es conS| ? ral body, a male connector at one end. and a
femal e conne'(?:lgblr ‘a‘t""t'ﬂ‘g"bt her. Since nost nodul es have both a nmale and

" female 10 coRA&ttibtdsrememeiddul es can typically be connected in any order.
Cert ai n_noduFie43 oms first preppest peinterednfigurgtion:a f enal e connector, but this is

det erm ned byicudeis § sdamitcbatphrt @ihtedtchBguideul €. Adapt or nodul es al | ow t hese
si ngl eaconnegz@s  EDEi Sifpedt RintkRociRARRCT €d at either end of a given conpact

printer conf ggys a,umhmépjd%gm%gwym cal connection between all the
conmpact pri nhg mttraltjcst%clmFgr LvidSs the | ogl cal connection between themin the

formof the ¢ n%) Ser Il Bus. T E‘Hg ?aCtrﬂ,@“ nter. Serial Bus

provi des pOV\E‘P 'B“"i’é"‘"é‘a‘@i‘fﬁﬁ?ﬂﬂ‘ﬂt'@“"ﬂf?h" proo e HEeH®ans by which data is
transferred b‘@ﬂ%wmﬁdlhwvtfméﬂlaﬁﬂ‘ym’(he conpact printer Serial Bus
and ac¥onpanyicras il degh offttte convediosprdodasciombtatits tdfMYohi ch t he conpact printer
syst em aut ocgafzi%§§,mr|ﬁmvggontﬁnﬂmamnmrface burden on the end-user.

Conpact prin H?E% Lhege types: image processing
nodul es |ncI£‘ ?%tigpba%ra%ﬁ'tgg&e%gduo ° a Camera Mddule 20 (FIG 2),

and a Menory Module (FIG roceSS| n m)dul es are primarily what
sets the CONBBWEBPPW"&')% ”gﬁ'éﬁ%éb pen-1ike devices. |mage
procesdi ng nodul elsefeaapbﬂlﬁel,wmmmlmwmmwﬂmmfempmnﬂegﬁmmwi mages;
housekeepi ngn&@dhelinodiles @celithiadpnddandbaiZh ¢ codvidd priingr dodbigu@itidn( alloverrnser-fcfimblt S

Modul e (FI G Sluion besiiesaebd sfeailphd@Res mbartet aflo e rhrsterfbd fomPoRhoripac priiRi to obell € ( FI G
6) . Housekeepjng u,mg&'.eam Qowpats.,%gn il KRS minfhal Qe ite s BEROUb P Frai itorard €Nded

f.unctional it Lo ot I sol ated nodul es including a Pen

Modul e (FI G Tﬁ ‘Ahd a Laser Module (FIG 7). Isolated modul es are those that
attach*t o the conp@Epscipri feem erfigymon ot ot wmberof FmeRgrigir MAYEsENAEht of any
ot her nodul etoseibrelachcemppronrintraiodutedas fungion thatporitrfbtesieyhpeoverall Sinetforafii of BYRBAICYR ovi de
their own power. Isolated Mddul es are defined because the functionality
they provide is typically incorporated into other pen-1like devices. 30

Al t hough housekeepi ng nodul es and i sol ated nodul es are useful conponents in
a conpact printer system they a”gr, n a system dedi cated to i nmage
processing and photographi c mani pulysgay Béé"sﬁés’[l fe size (I :1) illustrations
of the conpact printer-nodul es are shown in FIGS 1 to 12, and exanple

confi gurati-ons_produced by connecting various. modul.es together -are shown in
FIl Gs—13-to0 16. Fl G.1 shows a printer . nodul-e-t-hat "i-ncor porates. a- conpact -

pr| nt head descrl bed |n Co- pend| ng Un| ted 35 St at es Patent Appl icati ons
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2 1 NOV 2003 WD 001 72266 PCT/ AU00O/ 00513 The printer nodule 10 conprises a
body 11 housing the Menjet printhead. Power is supplied by a threeludoyv 7003
battery housed in battery conpartnment 12. The printhead is activated to
commence printing when a business card (or simlar sized printable nedia)
is inserte ot 13. Mal e connector 14 and fenal e CS‘”‘P“?

facilitat ed‘é’g%ec AI on of other nodules to the printer %@;00%?6 2
shows a canera nodul e 20. The canera nodu.e provides a point-and-shoot
canmera comnmponent to the conpact printer systemas a neans of capturing

i mges. The capreprepriterderfismraiop Epsh openg prptepyprdyle igtgpicely thpnedyikepart of preeh.ehydalhynect or  22.
A | ens 23 di r ecthstinaRithiofeg@npi@rigen mida gpdors en@apleteprrcthapyd ésitealihi Egdl ofitirnge
processi Ng Chicpmpad gribierRevicd w@petiasiie GumB and HpeoOdM@E prinef¥dduledcbriRdbted. THl B@Kiondd | S
provi ded as well cofpace finfeRbhfipulaiR depbids o e cb,ﬁga.gs;mmm&,am gTel cxe(ﬂg%&.ot.he Take

button 2¢ is pusheq,, &ﬂ?&&%&%&n@&%@ bFU. ﬁlysticg.lggﬁ oﬂaﬁveﬂe ,Ih%m}n]o nelop Ji,E"  Modul e

10 for subsequen Intin nera Modul e
al so cont ai ns "B H cf’"“?r‘é WouE" &f 'l"ﬁ%q?g'cg cqaseiions 'f"k"'f "ﬁ?{gg?fﬁ“lpgb“ﬂ'f‘%f‘mﬂgﬁer as.
FIG 3 shows a- ?“9‘° vseecealists '*E&‘PFHF%“S’“F‘ﬁ‘ij““&‘"‘b‘B‘tP?"‘?i‘°’ hegpsfgofdag N put t on 33.
OQUT button 34 and SEEQTphisigd copnactigbmosTompachasinteympduligyeheift ef 2 @@ral badya melt andar d
nodul e used f cbrngbGrdnexgd. Pl Ok caEbrat te othg Sivee MagpihodBs hal@pbots Hrele@ammia 20. The
menory nodul e GdnioRe mbBules ARGHRAlY Bkt eOh anpbitict: BerGiRioddls o Gee ShRdr Sdrdaber  at
ful'l resoluti Qbhnéor, I;Lﬁhlﬁg dc&mmﬂﬁé fllmct{oﬁo? F}\L H«Idl:lp ﬂdaptE %JulesralﬁﬁngsULlng @omQEuQVI des

read and wite  AGCES 0 ql Vléjlfl gl WE unbnai | resol ution
pr ovi des read acceets econnectiJGapmheren (8} aglvencomggpﬁmercorH rafion. ail form The I\/tem)ry

Modul e 30 att aches 48" YE Pf‘é‘f”lﬁ‘ﬂg‘fﬂme‘?wfff' 3! e cpmepELAn YT Eﬁjf‘fﬁé'&‘t“lﬁ‘r‘heé"é‘“b‘i""“ffﬁ?“
connect or 37. PIHE" HEIEMeRTHOMh FPRPAE PRAGITEA BiSrTRe copepetrAPt Fra! Ry amavides rewsr e

connect €d at eseh mesple. and grovides tr mespy bl ivitiah dateti§ trapsferrePbrveqm mpdylesgimpopingetie chmmaam t he
Printer Modul epridé@Sedal Bustuld gccdsganyiglproiBtaiproviddd thé\meze byrhioh tadmip@SintévEyelen 8040 | S
shown in Fl G 4onfigdRe reuding MéRdeGitdriacd RisdedBRthelén@-us&kD coNnsi sts of a connector 41 and
a cable 42 that te@mmga;ng§m5da,egg,bam[,egmolu@&gpcponnect or for a corrput er port,
such as a USB port, RSZSZ Serml 9pmcgs(?n|;txno£res1g:ﬁ5ﬂ lh‘gnlerhpog e(FlGT) ffanwramm cations

Mbdul e allo th act ecte a, conputer.
W hen sgz(aconne}g{?@dmg‘ibﬁﬂ'égg"dﬁlé O3 e AR A6 T WP HACBHGE and ¢ he
vari ous nodul e€*°Bfrat R oy pryhke devises iMPrearocsyrs edirs capHE PG HI AR PRRYoNs nodul e

al | ows capt ur eftioderamhigisssetio be downl oaded to 25 the conputer, and new i mages
for printing to be upl oaded townikepitgdr@dues indidied an AB e Meduld B1G m,EEWMMnduI e 50
i's shown in Fl&c%), a CbhgunicictsModb@id 45 and Oriiné MR Gid 6 HERREWing bnbuuies ploli@sh Wi t h
flash celsl 51 sm&no&ﬁki:oﬁlﬂs@tk&@ﬂ{h@zﬂm Wohd) mbdd&; £2MEr @ Modul e 20. The Fl ash
Modul e attaches to ot her rmds%aledsmo\({ulegmc@hn?a%ﬁogqer}ﬁ/gm dgzxa]@‘gmmlﬁe) connect or

53. It contai ns ‘{f‘fa 'ﬁ ower source ! Ically

sel ected by t HE EHPPRY A VS S HHER PRI e P A “§T°W'§°'§W°T‘Edﬁ“'%{ﬂy8'{}% t he

Fl ash Modul e t®%4fe™endpior esesarily eays Ruc Y e PrUe el IeY e IpiaedMoprs g fe. FIG 6
shows a Ti ner fisefipbcausedip fupcigaplityjthsy Reyideds tyripally ipeconamteddnictobies pndikeidevisesof  nul ti pl e
phot os w0t h t he Camitiroeeh hMpsehedpring iRQJles @d dtated morlules as esgfel cab@alts Iy canpgypaesr f i ¢ ti me

i nterval. The spapltidy @Gxahod s@Em ddiates b GiageGrobeRinddadpRbtdéragido Ghlpland ) Lite Afr)1:1) | ash
requirenents  afivirafbadetheshpRpribidd Boduit iR kdwiVPEIG 18 12.Gnd @ik c&aamLJaﬁpFoeJcarbﬁ be

i gnored by the,Jig CmMPQo‘JJIe‘?mgeIQQeJ&Wﬂ%ﬂls‘l@ 60 consli St s of a body 61

housing a LCD 62. [ STOP on ELECT
button 6 al | ows t hmglewsap?mer moHTle tha{mcfrroratesacom;tacstpnalibl aﬁdeﬁ ed m ndmgéfAS nits are

set by URITS biftet g eeplicaien fstedin fha Bachgrgep pegronsh this W&‘I“i&ﬂ‘é&‘°’é?%\‘°€“&‘c9hﬁ%’&"f‘or 66
and femal e cormseired o lgrpvith g Menpit prspheay, BapMemictpriithend isp drap-opydsprend 1609 dpiinkictpantger | nt er
Modul e 1 0 vi a thehmerdésebitiadl ddBirsip to Acologs B@rodubdbtinied pagdf 4 @ricgiir@wtith. Sinae delpipthdad The

Laser Modul e 7#ntssons 1686 dpi. cath dodis Spprehymaréid 20501 in@iartke N Ghd PackdQE17 6t ahaA Badausd &S €1

pOI nter opera Apﬂgméqybl QH]: &eq{&ut Ynglge sh%§d ﬁeb;ﬁ% rl:d%§§r[>r dmmérgest rﬁllt@TJp@:ﬁlm }@eﬂlset modul e it
onl y h as4 one nl.he%raor a pa.%lcurar' agfmnoals Fage ngd‘r’: ?h)sﬁ"c%x(aglgmw pnat!head tg'be st'fmo ag ;u%n pec O r 73. The

Laser ule i's orm.any i nage
capt ure, storapépé',w'6"?""’5?‘8’(?%’%‘1“r‘l“dv.'em%p"‘éjﬁdéstc%mp&éd°é"’"f"ﬂi’ﬁ'€f f°8'r‘igl"2 '&‘ﬂmc‘l”i"on to the
conpact printef®™¥stem It is provi ded because | aser pointer services are
typically incorporated into other pen-like devices. The Laser Modul e
contains its own power supply and does not appear as a device on the Serial
Bus. RECTI FI ED SHEET ( RULE 91) 2 1 NOU 2003 WD 001 72266 -5 PCTI AUOO/ 00513
The Effects Module shown in FIG 8 is an inage processing nodule. It allows
a user to select a nunber ORECTIFIEB SHEEBRMULESIY hemto the current inage
stored in the Printer Modul e 10. The effects include borders, clipart,
captions, warps, color changes, and painting styles. The Effects Mdul e
conprises a body 81 housing customel ectronics and a LCD 82. A CHOOSE
button 83 allows a user to choose between a nunber of dlfferent types of 5
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In the sense that a m ni num configuration conpact printer system nust be
able to print out photos, a 35 mnimum conpact printer configuratizanNgy 2003
contains at |least a Printer Mddule 10. The Printer Mdul e holds a single
phot ographi c i mage that can be printed out via its Menjet prlnter It also
contains t ttery required to power the conpact pri m In
this mninu Rﬁ?icﬁ# guratlon the user is only able to pri nﬂt&@ﬁ p ?)fos. Each
time a user inserts a business card 130-unto the slot in the Printer
Modul e, the inmage in the Printer Mdule is printed onto the card. The 40
sane image is pri nThegrinseropuier!p symprises Hadyi | hizeasipe theeiet reinthepichoper is gpprlipddpa thrtse
printer. |In t witdauery pusedimbatondnpgunee i haprntrad igactveedtasonypgsee friging whenbesiness 0 change
t he i mage t hatard (& sipila sikAentabi¥ haiadi isspeaiseso oddH canck@04 aafemaeonntagds t 0 f eed
cards |30 i nt @lihEofkclidd b@her MRk iSineididmdduigtioni mum of fuss. as shown in FIG

13. RECT} FI ED SHEE 0513 -6
By conne%:t ing a Caﬁe(zﬁ%%gaﬁ% ; moﬁungO ll‘l’:Mra%thQlé rprru\ﬁﬂritesg“qurjt'f7 %ﬁ%&é{ﬁ%ﬁ%&%&ct

pl’l nter syst erthe fOngaCl pnntef:systeglw ahmea.ns oécaptunnélfngfes e?_axlneﬁ I nult: o in a
pen, as shown fmae EIestion22: Al dirsciian pmseeiase {F2es “256' oo ’é"“’t‘ RECSHRESHBYME m f or
capt uri ng i magpesmerrdt: A dvenpyni! pigvefindeAs dhurodided ® wellaga Jngkar261An gnagrisciniiiad e teor
printing themTeebusonThigpukhed Cagiirgd irhages frdy@nsierrdd witte PrinteDdiadbiel0 for sehsdaet@ srinpgwer  f or

bot h t heo cane ignigaiaidn, bii@rage Thd Uaera MoBule\WaBntdink £sel B2 mofl s S @ tharlidd@ on dg@lee” but t on
27 on the Carre{,,@,aJVbdul e 20, the image is captured by the camera 24 and

transferred 1O thexgh gl &b MR b Broillods b B MR 858U TGofisdui [ NSEr L ed
I nto the pr I nt %_aEcﬁ' Eutton%gghu emog l\!(og? %8? F_lslanceuid ax ule usedC}or swnn% %otogﬁsuc mfa%es ca%B SSES

"Take" on the arn ule is
repl aced by t KehsfaR zﬂé'b‘é‘""“i”f‘“"f“t‘fé"”ffa‘f’rﬁ“f‘g&’ T@ﬂ’d[ﬂ' "?“%"°§’if6‘§délj’ﬁ'e°?ft"1 T hched

f rom t hé5 conpaiumprei reselesien. Bull eepoluyipp prpvifies readind Yritserest g ddud pragepipdihypbndln ¢ he
Printer Modul essohgiongrogideswedd eccesnd I tregds apate irgmmbpailfyrmt | nes as desired. The Canera
Modul e is sinply t meMemdyMoadedb tithicRes toldthd AGiuitsQia DemdR|carfeerth 36 dimild tanndiod INtTRY

Module. FIG Iﬂusn‘@m@onw&.t D6 theGREMRe itk EortledreR Bt eifn} end/br a G figlradME BIWENs MGl € 30 i's
connect ed to tﬁB ih |Ng&“e%m ”se%xfl Gl4. In the enbodi ment of FI G 15. the
It

user the a to tra vveen the Pr er uIe 10 and a
storage gr ea cont ai‘“#&'ﬂ"“f"ﬁ"‘t" d‘ﬁ?e%%‘g‘l\ﬂ)dg "é’"sngJe“ﬂose THL the i mge
nunmber on t he “WBE*Y*d Srahiad it %’““ﬁﬁﬂﬂ%ﬁ"’eﬁﬁ“ﬁ‘é‘?’ fog e PR P2 HTB P t he
Printer Modul &S33g wps mprmgﬂ"eWatwmmwnMgeMWa‘s“atlwe'&dy"@tw‘eevstt'h'ewe), or

bri ngs the curcnadtde svargparerf Whernsp tolirecteRiirages ean belvimsferfedbetveyn thdrempgigramiitie vagiehs | nage
nunber in the odVREDd e diarsdl bridier sybla TRéRéHEMuyicaldiGhisbiug alfblvEcaptupet iddelEtst ddwnidsy 1O f

sendi ngzsets Gfe cduBbdt Al imdgdd RORRing Ovelufl@aclindo b SinerModlidhe. Ml tipl e Merory
Modul es can be 'nC'Almswmauﬂsﬁssw‘%%%mtﬁmmms@mﬂ&mmeammmhqillsi mages

t hat can be st rmg‘ phot \qs nhthe %/M%B emlsseooo@lgrec'}upsmffer m one
conpact prlnter “g'ap ¢onnec ‘to ano er 1or. subsequent inmage

printing. Wt t‘f°“f‘ﬁ'é’ swi‘r’éﬂ""é""ﬂﬂﬁfat K copigins it qva PREF PUED T IR MEsiPie s Misatirly sBicht er
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35 As previously discussed, the printer's CMY color space does not have a linear response and

consequently, the L*a*b* color model is used for the compact printer system. The Printer Module 10 has the
capability to convert from the well defined and perceptually linear L*a*b* to the particular peculiarities of its
CMY color space. Additionally. there is the possibility of a PC performing high quality color space conversion
before downloading an image to the compact Printer Module 10.

40 The stored image is therefore defined in terms of the L*a*b* or CMY color space. If it is in the L¥a*b*
color space, it must be converted to CMY before being printed out. Rather than convert the L*a*b* to CMY in
situ, the conversion is done on-the-fly during the print process. This allows the L*a*b* image to be exported from

the Printer Module 10 in a porable color space format. The transformations required for color conversion are
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1 ADR = 289L*

2 ADR = ADR +17a*

3 ADR = ADR + b*
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-9.
4 Pl L*a*b* ADR = ADR + 1
5 P2 L¥a*b*+] ADR=ADR + 16
6 Pl L*a*+b* ADR=ADR + 1 P3 =P1 to P2 by b*
7 P2 L*a*+b*+] ADR = ADR + 271
8 P1 L*+a*b* ADR =ADR + 1 P4 =P1 10 P2 by b*
9 P2 L*+a*b*+1 ADR=ADR + 16 P5 =P3 to P4 by a*
10 Pl L*+a*+b* ADR=ADR+ | P3 =Pl to P2 by b*
11 P2 L*+a*+b*+1
12 P4 = P1 to P2 by b*
13 P6=P3 to P4 by a*
14 V=P5toP6by L*

As shown in Table 1, a single ADR register and adder can be used for address generation into the lookup
tables. 6 sets of 8-bit registers can be used to hold intermediate results - 2 registers hold 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

5 interpolation unit is always a pair of 8-bit registers P1/P2, P3/P4, and P5/P6. This is done deliberately to reduce
register selection logic. In cycle 14, the *“V* register holds the 8-bit value finally calculated. The 8-bit resuit can be
written to the appropriate location in Buffer 2 during the next cycle.

Assuming the process is first run to generate cyan, the resultant cyan contone pixel is stored in the cyan
contone buffer within Buffer 2. The process is then run again on the same L*a*b* input to generate the magenta

10 pixel. This magenta contone pixel is stored into the magenta contone buffer of Buffer 2. Finally, the yellow
contone pixel is generated from the same L*a*b* input, and the resultant yellow pixel is stored into the yellow
contone buffer of Buffer 2,

The address generation for writing to the contone buffer (Buffer 2) is also straightforward. A singie

address (and accompanying ColorSelect bits) is used to write to each of the three color buffers. The Cyan buffer is

15 written to on cycle 15, the Magenta on cycle 30. and Yellow on cycle 45. The pixel 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 6 LineSync0 pulses. The order of lines being written to is simply 0-1-2-3-4-5-0-1-2-3... and so on.

If there is no conversion taking place (i.e. the image in Image RAM is already in CMY format), then the
address generation for Buffer 2 remains the same. The only difference is that the multiplexor chooses the value

20 directly from Image RAM instead of from the resuit of the interpolator.

Although each line is 534 contone pixels, as shown in FIG 17, we only require 3200 bi-level dots for
each line. The scaling up by 6 by the up-interpolator gives 3204 dots. The up-interpolator simply stops after
generating 3200 dots, and does not read the final contone pixel more than twice.

Address generation for the Image RAM is very simple given that the image is stored in an interleaved

25 fashion. A single address register contains the current address in Image RAM. During cycles 1, 2, and 3 of the 14
cycle group the address is read and incremented. thus reading L*, a*, and b* or C, M, and Y. This is done 534
times for each line and then the address generator stalls. waiting for the LineSyncO to enable the process to start
again. The current address therefore gradually progresses through the entire image.

A modification to the aforementioned conversion will now be described for the conversion from RGB to

30 L*a*b* color space and two extra L* components for use in sharpening an image. The process for converting
RGB to L*a*b* is shown in FIG 21.
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The color conversion process must produce contone L*a*b* pixels for the Sharpen process within 72
cycles. The sharpening process only requires the L* values corresponding to the first and third RGB sets, and only
requires the full L*a*b* set for the second RGB set. Thus. we have 72 cycles in which to perform 5 color
conversions (3 sets of RGB to L*, and 1 set each of RGB to a* and RGB to b*).

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

The conversion is performed as tri-linear interpolation. Three 17 x 17 x 17 x 8-bit lookup tables 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 and is as described in the
previous example.

Although the interpolation could be performed faster, again a single adder to generate addresses and a
single cycle interpolation unit is used. Consequently, it is possible to calculate the interpolation for generating a
single color component from RGB in 14 cycles, as shown in Table 2. The process must be repeated 5 times, once
for each color conversion. Faster methods are possible, but are not necessary.

Table 2. Trilinear interpolation for color conversion from RGB to L*a*b*

2 1 NOV 2003

Cycle Load Effective Fetch Adjust ADR register Interpolate
1 ADR =289R
2 ADR = ADR +17G
3 ADR=ADR+B
4 P1 RGB ADR =ADR + 1
5 P2 RGB+1 ADR = ADR + 16
6 Pl RG+1B ADR =ADR +1 P3=PltoP2byB
7 P2 RG+1B+1 ADR = ADR + 271
8 P1 R+1GB ADR = ADR + 1 P4=PltoP2byB
9 ) ] R+1GB+1 ADR = ADR + 16 P5=P3toP4by G
10 P1 R+1G+1B ADR=ADR+1 P3=PltoP2byB
11 P2 R+1G+1B+1
12 P4=PltoP2byB
13 P6=P310P4byG
14 V=P5t0P6byR

As shown in Table 2, a single ADR register and adder can still be used for address generation into the

lookup tables. A block diagram of the color conversion process from RGB to L*a*b* can be seen in FIG 22. As
with the previous embodiment, 6 sets of 8-bit registers can be used to hold intermediate results - 2 registers hold
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 P5/P6. This is done

deliberately to reduce register selection logic. In cycle 14, the “V* register holds the 8-bit value finally calculated.

The 8-bit result can be written to the appropriate location in Buffer 3 during the next cycle.

The basic 14 cycle color conversion process is run 5 times as follows:
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