WD 01120550 PCT/ AUOQ 01076 1 METHOD AND APPARATUS FOR ROTATI NG BAYER

| MAGES FIELD OF | NVENTI ON The present invention relates to a nethod and -
appar at us f oWOHEI? ng Bayer i mages. The invention has be&iAR&1%8hed
primarily for a digital camera including an integral printer for providing
a paper print of an inmage captured by the-camera and will be descri bed

hereinafter with

appreci ated that t h@&?ﬁwnﬁqbrﬁﬁmag #ﬁmnﬁﬁ\fxﬁglmﬁér field of
use. CO PENDI NG APPLI CATI ONS Reference may be had to co-pendi ng
applicatioons claimng priority fromAustralian 10 Provisional Patent
Application nunber PQ2890 dat ed 16FIERDIOFINVENTIOND. The co- pendi ng '
appl i cations descr_élee rel at e nodul es and net hod for %%mentl ng the

conpact printer sySEEREeREen ?f‘de'ﬁ%*ﬁtﬂﬁﬂﬁ 3?)?5“ SIP3A9Pt aneousl y

to the present applicati.on s follo | nter nati o at ent
Applicatign No. Re ‘W‘wa(s%@e'b‘gv m‘ﬁ"’ﬁﬂpk&?ﬁfﬁ?@l}gp ORARFRIY and
Appar at us f ofor ﬁovhdimca paperprintof arfimage captBay by the carge anP@il bA USSR OFrdindNBRGH

Met hod and ApRpainal idSnd: QppiiciH, PEmived it Wb He'BRsHeciated :ﬁ’ﬂﬁk&%&@&mﬂ.@@%&

Met hod and Appar at us for Up-Interpolating a Bayer |nage

| NVENTI ON ACE?S?‘:HFW@ dotisg: £ st aspect of the Invention there S pI’OVI ded
nmet hod for sanpling a Bayer image having two di nensional planes of red,
green and bl ue pixels, the nmethod including the steps of rotating the
green plane by 45 degrees; 20 sCQORENDINGIAPPUGANIONS an m x m pi xel bl ock of

the rotated inmage,

address for the n2 sanp 'ﬁé} Bes ekl’r M?’ﬁ{ng éaé'fﬁ%ﬁ; Jainﬁgdéﬂes‘g Mq‘g | rst of
e 3 b o PrRYEnE BAgr Ao, Pz, 2850 deisc 1 S B3P T PRrD

of fsets to okgplidations Bescribd diidterRsiiuiod andimetobsrormpléntgtingatigzompact pinaf systainl The t he

step of det e FE‘ ﬂg | relative
rot ati onal egéil A {)dg%logghﬁ%‘# b r’%ﬁgﬁ\e k%an?%Pl%?l@b,‘aégﬁ Js?otl%q\ps‘f 4 and there
are sixteen t 01076 -
-2 According meraatbmﬁntasggétocf t he Inventlonet here is provided an
apparatus fo Apli -1image having red,
green and bl LRCTAALURRPPTS t he | A5FA1 dtMathod aed Apgaratus for Rrodyeing Rriatires 4 Bayerdmaget|i ng

t he green pl jerar/Aupo/dte7ddegr ¢ PCPOP I|Metind kD Asparatasiod Shapadguammageal | y sanpl|i ng

an m x m,pi XEPCTRUBEHTE [Ty FOPOS | MMbtrod BREAppIVEGEE for UpDhibrpolstng b BhyeBiagd’ £t ef
an ;

SUMMARY OF INVENTION -

According to a first aspect of the invention there is provided method for sampling a Bayer
image having two dimensional planes of red, green and blue pixels, the method including the steps of:

rotating the green plane by 45 degrees;

20 sequentielly sampling an m x m pixel block of the rotated image, where m is an integer
greater than 1;

providing an address for the m? samples by detenmining & starting address for a ﬁrst.o_f the
samples and thereafter applying a predetermined fixed sequence of offsets to obtain the addresses of
the remaining samples.

Preferably, the step of determining the starting address is responsive to the relative rotational
25 orentation of the image. More preferably, m = 4 and there are sixteen offsets.
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5 address.neans for providing an address for the nR2 sanpl es by determ ning

a starting igRssef Or a first of the sanples and thereaf I ng a
pr edet er m neﬁi xed sequence of offsets to obtain the ad re@gggagﬁthe

remai ni ng sanples Preferably the step of determning the starting address
I's responsive to the relative rotational g orientation of the inmge. Mire
preferably, m = 4 Acdrdinh&raseasnd aspextiobtha inednlichthede is pioviliéd anfappaeaTor3arming &

by vy Of o Sois o TG BBt o 6, S ol e fbbulnliRy | O
Figures. Fig.1 Shoﬁ@t&mwéﬁwﬁﬁi’%&hg‘%&%&e PCP. Fig. 2 shows a

bl ock di agram of t CP in 1solat shows a bl ock di agram of

the PCP connected p@edabingthézmior BbudtiiFsampiinb n m% mWﬂf%%& ﬁh‘{ee ad

printhead. Fi 9. 5 shows the arrangenent of “segnents in a pr I

Fig. 6 shows™ N BPIEABARAA Tof nozzles in a pod, nunbered by fixing order.
Fig. 7 sh@ws the arrangenent of nozzles in a pod,_ nunbered by | oading
order. 20 Fig. 8 akmas mearshioupraviding. anmadgressfor thevm? sempiss by iglemining; q startiag

fS_hows a phasa@mafbraﬁbwm%?j.ﬁﬂmwm&eaﬂéeépﬁ%@@&b%dtbnw e &ﬁ%ﬁbﬁ:gstobl

i regroups, phasggr S roups._an chronopods. Fig. shows nabl e
and BEnabl e Sﬂ?’%@gﬁ&ﬁgﬁs@g&ﬂ%ﬂaﬂﬁgﬁ?@%ﬂ nting of an odd and even 25 dot:
Fig. 13 shows the ' ti . ' e.
SUBSTI TUTE SHEET ( %Hf%% gﬁi@ &"C‘f‘*ﬁ%‘“ﬁ%&“&%‘?ﬁ&@%@#ﬁ%@%ﬁ%&%%‘?”‘%E'é'.v%%ﬁ%a‘s hows
a bl ock di agpriaHatian of theimaperdioe rrafasablyy ® =éread fhere pregixteemofiepts\ s t he arr angenent
of pixels In a Sayer CFA 2G npsaic. Fig. 16 shows the |linearize RGB

process. Eig. 17 shows the planarize RGB process. 5 Fig. 18 shows a bl ock
di agram of the I nmage print chaBrief Dasgriptich ofithe\Drawingspl e col or range for a

singl e color plane i 0.sh the ste I nvol ved in whiie bal ance and
range expansi on. F?'@.fe"%'le "?%ggfg’gﬁn%élﬁg?%%eéscg a?ymg}e&‘ﬂﬂieo‘f » Wigh
perform ng. Uerence o tedo¥owingdedcriptionged Figuresansi on. 10 Fig. 22 shows the
various color plane pixels In relation to CFA resolution. Fig. 23 shows

the effect of r ot afig-righawse highiaxel imaoa fiew ef{pe REPdegr ees.
Fig. 2 shows a block diagram of the PCP in isolation.

15 Fig. 3 shows a block diagram of the PCP connected to Printcam hardware.
Fig. 4 shows a 4-inch Memjet printhead.
Fig. & shows the arrangement of segments in a 4-inch printhead.
Fig. 6 shows the arrangement of nozzles in a pod, numbered by fixing order.
Fig. 7 shows the arrangement of nozzles in a pod, numbered by loading order.
20 Fig. 8 shows a chromopod.
Fig. 9 shows a podgroup.
Fig. 10 shows a phasegroup.

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

Fig. 12 shows AEnable and BEnable pulse profiles during the printing of an odd and even
25
dot.

Fig. 13 shows the orientation of print formats based on the CFA image.
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Fig. 24 shows the distance between rotated pixels for the green plane. Fig.
25 shows t & qikeaess of mapping novenent in unrotated CRcHREnARIE® I ot at ed
CFA space. Fig. 26 shows a bl ock diagram of the sharpen process. 15 Fig.
27 shows the process involved in high-pass filtering a single |um nance
pixel with a 3 x 3 kernel. Fig. 28 sh@ws the transformation in conversion
from RGB t o CMy. Fig-fif ghows g blopkringram phihe inagecapturgfhailse t o CMY by tril i near
interpolation. Fig. 30 shows pixel replication of a single pixel to a5 x
5 bl ock. 20 Fi g.Fign5shpwgdneampasmentaf pieplsdng Baves GFA 4G mesaley ni ng process.  Fig.
32 shows the process of refor maﬂt#i ng{ﬁdots for the printer. Fig. 33 shows a
bl ock di agr am of Fig+18 shaysdhe lipeaze REB PMRFESS- i g 35 shows a bl ock di agr am of

the i mage access_unit. Fiqg. 36 ws a bl ock di agram of the inage

hi st ogram uni t . F‘&Wﬁ\‘%‘@%‘?ﬂ@ﬁi@"mﬁ?k di agram of the printed Interface.
Fig. 38 shows the bl ock di m of the Mem.et.,i.nterface. SUBSTI TUTE SHEET
(RULE 28) RO AU V@gdffm%?%mmmﬁtﬂﬁ’g. 39 shows the generation
of AEnabl e and -BEnabl e pul se w dt hs. i 4 F\QP{&S a bl ock di agram of dot
count |ogic. Fi gEgZigsgqy%\ﬁ;@aTﬂgcﬁﬁ?%P?ggéegﬂ e%ﬁg print generator-unit. Fig.

42 shows a g%OSFFg@%%ﬁ%ﬁﬁvammmwﬁ%%T’x”ﬁsﬂ g. 43 shows a

bl ock di agr ern access unit. 44 shows a bl ock

di agram of BUT T op, 5 Eht o i SO oPeBbk clFO5AGHnS hieiiao s rgd

shows a bl ock di erpol ate, Hal ftone and Reformat process.
Fig. 47 shewen$®w to map froma standard dither cell and a staggered dither

I[l1. 10 Fig. 48 sh bl ock di of the. to CWY /
E o 49ashous a FRCRRIMIR TG CORHapas b MaionBEFAlestiin: | M DI O0CDS e
tial filt j 3 . i | ock di f th
Sharpon uni & Fi 5o Eshark fastr o Bl o irin pile 3 BRaed), 07 Al JTATE L
bl ock di agram of thﬁsﬁ&?s%g’éﬁn@gg%ﬁeﬁ%ﬁ 's%%%&nggngl process. Fig.
0 e

54 shows a bl ockFgl' agram nvolve Unit. Fig. 55 shows the order of -

pi xel's gener at ed gfr SN 1 BFRENs VF mappifiginoverent HUNFotEIR HREsacd 1 ratatéd CoiA | N
rotated and ucgrot &t ed space.
space.

Fig. 26 shows a block diagram of the sharpen pmcéss.
19 Fig. 27 shows the process involved in high-pass filtering a single luminance pixel witha 3 x 3
kernel.
Fig. 28 shows the transformation in conversion from RGB 1o CMY.
Fig. 29 shows conversion from RGB to CMY by trilinear interpolation.
Fig. 30 shows pixel replication of a single pixel toa 5 x 5 block.
20 Fig. 31 shows a block diagram of the half-toning process.
Fig. 32 shows the process of reformatting dots for the printer.
Fig. 33 shows a block diagram of the image capture unit.
Fig. 35 shows a block diagram of the image access unit.
Fig. 36 shows .a block diagram of the image histogram unit.

25 Fig. 37 shows a block diagram of the printed interface.

Fig. 38 shows the block diagram of the Memjet interface.
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Fi g.- 57 shows the address of entries in Buffer |'s green sub-buffer. 20
Fig. 58 sho - | ati onshi p between green entries depe ot ati on.
Fig. 59 sho@%&?&?ﬁsaml iing of the green channel. Fig. Eg‘?@hg%ﬁl}:f X 4
green sanpling type 1. Fig. 61 shows 4 x 4 green sanpling type 2. Fig. 62
shows the two types of row addressing fog_green. 25 Fig. 63 shows the

addr essi ng of entr#igagkmuﬁfgeﬁemtbrsofmﬁhbmdgtm@m&mm{ers. Fig. 64
shows the first 16 sanples read for calculating first pixel. SUBSTI TUTE
SHEET (RULE 26) RO #ijyl 406hdwd b BloBdiaghmior ddWckinDdgd(6 -5 Fig. 65 shows the
over |l apping worst case 4 x 4 reading fromblue and red buffers. Fig. 66
shows a bl ock di agFig.# efiows ihe intspfacs of the plirit geneak aitce and range expansi on
unit. Fig. 67 shows the active Inmage area within the generated coordi nate
space. | OVERVI EW €. 42 sfiow@Blotk dlagfamt-df thel plirit yéinerafor i@ T| ONAL OVERVI EW The
Printcam Central Processor (PCP) possesses all the processing power for a
Printcam 8and i s sPigdBshowa b bigcikiiisgragrotthe test fattermisoeessiuit. t he Print cam di git al
still canera system 'The PCP 3 connects to an image sensor | (for inmage
capture),’ and a M:Fig.d4 stpws atleck diagfaovof Byfleg® printout. In ternms of | nmage
processing. the PCP can be thought of as being the translator of inmages
from capture to prFigbshowsablockshegramof Buflsigure 1: 10 The | nmage Sensor | Is
a CMOS i mage sensor, which captures a 1500 x 1000 RGB I mage. The | nmage
Sensor |s the i nagEg.i4fphews gblocksiagrampfitbe Ppiptgmpplala.Halfonesangd Refomatitodessng 1600dpi
Menj et printer capable of printi ngoi n three colors: cyan, nmagenta and

yel low. The Pri nt hE@d7 shows hew tp g Eom g stpaderd gither eell and ersiadomedditiencallkes an i nage

fromthe | nage Sensor 1, processes and sends the final form of the

i nd
i mage to®he Pri ntﬁ%d&s’?“’fBP'%FfﬂFWﬁéﬁegPW%R?'HE’qménsor | captures in
RGB and the Printhe 2 prints. |n the PCP 3 nust translate fromthe
RAB col or space toHY'QQS%PtkWIkSEF@P‘%g%‘ " The PCP 3 contains all of the
[ ts f t i nt ' j . ' i ncl udi whi t
bal'ance. col or _cor:gt Mgk Retedlsh pbedapialied Uong EE2 it LCTL 10" "and b ¢

toning. In additi Oﬁg.sli Q&?gﬁ?&dﬁgﬁk%%ésrkﬁb@?bhier interface and entire print
or ma

process, providing support variety o ge formats. The PCP 3 al so

contai ns i nterfaces, kPl A¥strexRFdurand | mport of photos, conplying with
the DPOF (Digital F’gi nt Order For mat% standard. 1.2 H GH LEVEL | NTERNAL

OVERVI EMghe PCP 3 83 sané Snisdt dk%h%f%?ﬁééﬁﬁ&%@&@ﬁnﬁa&eﬁamﬁ&sm

process, with 20 approximtely ion transistors, alnost half of

which are flash nem@systons 5bicdkidagrdet thd Gonsobeddiits t0 an estimated area of
16m®R2. The estimated nmanufacturing cost is $4 In the year 2001. The PCP 3

Is a relatively shig. &5 shois he wasrdf sheiiggierat@rfdmdnsed@ptoef f ort can be reduced
by the use of datapath conpil ation
Fig. 66 shows movement In x or y in rotated and unrotated space.
Fig. 57 shows the address of entries in Buffer 1°s green sub-buffer.
20 Fig. 58 shows the relationship between green entries dependent on rotation.
Fig. 58 shows 4 x 4 sampling of the green channel.
Fig. 60 shows 4 x 4 green sampling type 1.
Fig. 81 shows 4 x 4 green sampling type 2.
Fig. 62 shows the two types of row addressing for green.

25 Fig. 63 shows the addressing of entries in buffer 1’s red and blue sub-buffers.

Fig. 64 shows the first 16 samples read for calculating first pixel.
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techni ques, macrocells, and I'P cores. The PCP 3 contains: A |ow speed

CPU m crocogbbofbossy core 10 1.5 MBytes of multi-level FlpagAuiRiesy (2-bi't's
per cell) 11 A CMOS Image Sensor Interface 98 inside an I nage Capture Unit

12 25 16 KByte Flash nenory for programstorage 13 4 KByte RAM for
program vari abl e storage 14 SUBSTI TUTES-SHEET (RULE 26) RO AU WD 01/ 20550
PCT/ AUCO 01076  Fig. 6frshowactive gyedlapping werpl¢a3¢ 4 04 teadingfrombiug@pdkred puflers. of
approximately 100 MHz on 3V externally and |I.5V internally to mnimze
power consunpt i offi9. 6Bsbowsa higek diggram gt theigtate; whitebalance and rangeexpansipmunity e r

mul tiple of the Printhead operating frequency. The CPU 10 is intended to be
a si npl e mi cr o- c Kigt§7shevs the active ipagerarea within Hie,generated.cogrdinate spacd Bot h t he CPU

10 and CMOS sensor interface 12 can be vendor supplied cores. 5 Figure 2
shows a bl dck di QYERMIEW OFFTHEREP 3 in i sol ation. The PCP 3 Is designed for
use in Printcam systens. Figure 3 shows a bl ock diagramof the PCP 3
connect & td t heHicBLEVEL FUNGTIORAY QVERMEWM ar dwar e. 2 PRI NTHEAD BACKGROUND The
PCP 3 is specif+cally designed to connect to a 4-inch (10-cn) Menjet
printhead 2. The ThePiintdaincCertra Prosesserd(BCR)Xpossessesall thiedrdeessing pover for pPdolcam ng a
4-1nch wi de. bkl ' | bR ' PTOTHE: VA= T er 20
s print edggﬁé.ké&ﬁ%l%é%gea&st thg%}#;ﬁﬁ}ﬁ%g@%;ﬂ s .sho 'iﬁgEFpgrg%nn?iaQZ. 1
CoMposnDs &“4%%%%&%’@!% ﬁﬁ? it 33“2"?98%‘%‘?’?’8’?“‘29 M28%ent s,
each segnemptocdssifig,dve PCR ¢anibe tHoeghd btas being thediansiatéref imagesdromscagiare to printosit, as

bi -1 evel cxrdwnidBgRe:2 and yel l ow dots over a different part of the page to

produce the final_ipage. The positions of the.s nts ar Q i.n Figure
5. Sincp tfe priMihEnage Sensor hgé CHSSimage seaYy %ﬁﬁ? %B‘?" ?@O%Bquen
di anet er, and spabekhagd SenidrisBhcimageropuf devibus. each hal f-i nch segnment prints
800 dots, wtht A2Y 54 WO LRPRA } (AGmibCprinlBPSbatle bt Srinting!iR Hrda chiorst1 N
| mrage Dots Addr e?'s?eeg”'f)"y? ag%] Segmeﬁf %%grren’t q»Fi rg‘t%do'g l'zlis'tw got % 0 799
1 800 1,599 2 1Ccwngnagentagndysiiow. TheRsintheadiylhe impog oulprideyicaog 5 4-000 4, 799
6 4,800 5,599 7 The BO®3 Bikeh3H infabe from the Image Sensor 1, processes it, and sends the final form
of the image to the Printhead 2 for printing. Since the Image Sensor 1 captures in RGB and
the Printhead 2 prints in CMY, the PCP 3 must translate from the RGB color space to the
15 CMY color space. The PCP 3 contains all of the requirements for the intermediate image pro-
cessing, including white balance, color correction and gamut mapping, image sharpening,
and half toning. In addition, the PCP 3 controls the user interface and entire print process,
providing support for a variety of image formats. The PCP 3 also contains interfaces to allow

export and import of photos, complying with the DPOF (Digital Print Order Format) standard.
1.2 HiGH LEVEL INTERNAL OVERVIEW

The PCP 3 is désigned to be fabricated using a 0.25 micron CMOS process, with

20 approximately 10 million transistors, almost half of which are flash memory or static RAM. This leads to

an estimated area of 16mm?2. 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 the use of datapath compilation
techniques, macrocells, and IP cores. The PCP 3 contains:

. A low speed CPU/microcontroller core 10

»  1.5MBytes of multilevel Flash memory (2-bits per cell) 11

. A CMOS Image Sensor Interface 98 inside an Image Capture Unit 12
s, 16 KByte Flash memory for program storage 13

° 4 KByte RAM for program variable storage 14
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Al t hough each segnent 21 produces 800 dots of the final imge, each dot is
r epr esent ed - nbi nati on of bi-level cyan, magenta, i nk.
Because t he ?Y??l?zloﬁg is bi-level, the input 25 image sho%’@wﬁgﬁered or
error-diffused for best results. SUBSTI TUTE SHEET (RULE 26) RO AU WO
01120550 PCT/ AUOCO' 01076 -7 Each segnentg2l then contains 2400 nozzles: 800
each of cyan, mageTeCPs imentiddamun At a Eioakrspéeaainapproxiniiely 200 MHE B 8V bxémaily SUCh
segnents 21 f{Qris¥i [ Wt hin
o Lognent - Traer Sy el sheuitRe gs BiGatyion. The dah Sl 446 enly B oo
reasons of pRytRieofthefrinead;operatiog frequancy. The OB/ intendpdiie be e simpledvicre-genyrallent i on
during pri ntétylgCPUMuningrasabalt 1M BEA the TPADI0 dnll ¥MOS skridbiSihterfiice 12 canbeVerdel €5
share the sa%pdeag?r&@servoi r. Mterms of power consunption, groupings are
made to enab a |ow speed and a hi gh-speed printing node. The printhead 2

supports two pri ”tﬁ’iﬁlﬂeﬁﬁtgogéj&l&c‘ﬂdﬁ#r&ﬂ\%m&éﬁéﬁ’?%oﬁﬁ%ﬂeem power trade-offs to

be nade #n different product configurati.ons. he | ow speed printing

The Firod nogzl oa. Cbact haramnatiefud f PAREH s FoG S s o gRinl bRrC |

The fired nozzl es shoul : , SO nozzl efired
fromeach 19CR2¢RPaTHed foffpe feptobihefPrinicary bardwargo 77| es, 200 different sets of 98
nozzles nmust be fired. In the high-speed printing node, 192 nozzles 22 are
fired simul t%neouﬁ@"TMWE&EKGM printhead 2. The fired nozzles 22
shoul d be maximally distant. so 24 nozzles are fired fromeach segnent. To
fire all 19,200 noelPEE 3 is specifeallydesignad toscepnectie a #dnh (18-21) Memiat peinthend 2 Theed.

Thg pova(e;r C OpHinthegH d iOibell Bs 4 fiGe-Wiath pare STodIEIAEa A-ﬁcrm&d‘pﬁﬁ:bﬂha?&wm h&%:ﬂﬁsb%peed
noae. A 1.N a ence a
| Sﬁfh Jﬂ&‘é@.\fﬁieau%gﬁz&c ugé-lggﬁ @ﬁ%’ﬁ ﬁ&?éﬁgﬂ% én‘%mQJd'zﬁ%s sHown ih grg? 1!

page. e sone I n 0 suth as a rfgery power ed
Printcam thgq powoglgﬂﬂﬁ&m' g gnents  dictate the use of | ow speed
printing. 2.1.1.1 1 4 es%ﬂgﬁﬁa‘ od A single pod 23 consists of 10

nozzl es 22 sharin r Yl re, .in r QW.
and 5 are in_anot %ea?'f‘?@%n?‘%a?? Iosen%%g °§€%‘%ﬁ‘8‘§% g%% égﬂ'geﬁtét&oagim%haf"el '?B%F %'gfm in
di aneter sphESIMEHs 21 pntsshiewel cpan; agenta and yeligw Spls wier eitifferent el therpagele a
si ngl e pod, pedute thirfinzlioagel Tre pastionsi the segrent dre3hGditFig@e 5.0 t he order in

whi ch they nust be fired. Although the nozzles 22 are fired in this order,
the rel ati onshi p dincatiesriniseald 2 pantsidqtdatd6a0adpi, epdhatoEisrensunoih didtrister, and $phced
printed pagesisseH dbRI M sac] hﬁf-r&ﬂéédn%ﬁt &ﬁtsfsbtf’&té?% $O¥LRAE TG dnltfig GV €N
dots from one .{jl ne on the page, and the nozzles on the other rovx?rep esent
the odd dot F¥IORi the adjacent Iine on the page. Figure 7 shows the sane
pod 23 with the nozzl fie?rpyii BlisdiaRisdid ) fath sdofinP” d€r i n whi ch they

nmust be | oaded.

a—pod—Z23 aretherefore |ogicall
separated by thg wsSegriensdf dot . Fileedot25 exalt diidstdvge beq vveengt he ngzzl es
22 will depend pn The propgrties of [gie Venmj et fTTigggmecttgni sm  The
pri nthead 2 is eST Ut WSt dggvbw]' rozz+Hes dc5i1g5|§d teimatch the fl ow
of paper 20. > | 1600 3399
20 3 2,400 3,199
4 + 3,200 3,999
5 | 4,000 4,798
6 4,800 5,509
7 l 5,600 6,399

Although each segment 21 produces 800 dots of the final image, each dot is represented by
a combination of biHevel cyan, magenta, and yellow ink. Because the printing is bi-level, the input
25 image should be dithered or error-diffused for best results.
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SUBSTI TUTE SHEET (RULE 26) RO AU WD 01120550 PCT/ AUCO 01076 -8- 2.1.1.2 3
Pods Make awplai/m¥Erod One pod 23 of each color (cyan, naggpagoososs Ye! | ow):
are grouped into G chromapod 24. A chromapod 24 represents different

col or conponents of the sane horizontal set of 10 dots, on different
lines. The exact di stance between different col or pods 23 depends on the
Menj et oper at i ng Eaghnseament dhencnotaing9400 apzzies:r89fheachcof Kyan; magedasangryeliow. A
anot her.  THgursHeR britiiesd 2 Sonf@i® 8 s6th'sBsindn 2 for 8 total 600G RYzziey MDer  of dot

wi dt hs, and must therefore be taken into account when printing: the dots

print ed _Ovaife &w %’@%ﬁbﬁs%ﬂn%ﬁﬁﬁt different lines than those printed
ye

by the nmagenta or ow nozzles. The printing al gorl t hm rrust al I ow for a
variabl e, distangg 28R a §in §eg%ﬂt2li'%ret§?$dﬁ€@ ?'a@ 3

for nore detalls ure |IIus atesasm e chro d24

Chr onapods W&l reéfwm&%mfm W@H’ﬁ’ﬂé’ﬂ@gi’ﬂ"ﬂ?g" "?@@a'lsmbﬂwa‘ ofal of 12

podgr ou® 251ozﬁsmmmasM£wsmwodnmammcG@umIQwMamm tpeje aup

cont ai ns 1§9"EPE&£"%%h pittAgmo) magenta, and 50 yellow nozzles. 10
erment 1S

The arrang own |n F| gure 9. with chromapods nunbered 0-4. Note
that the distancemg Bﬁme&ﬂs maamﬁgu@aaamwam&&awmﬁw&bw ty.

2.1.1A 2 Pod ase podgroups 25 are organized into a
single pha%%#glfﬁ%?@ %’& 'Bup 26 is so nanmed because groups of
nozzles 23 wt h| f Lyve
firing *phase I@‘SQ‘%&%%J ?alrr'?zlhgf hbérrog%éédg%lé%lﬁ% ' "egqjsye%orr?'gt | ocnn of a

phasegr oup H"F"B?ﬁ"zﬁ gbei fred 1!}13?'32 shquid kemaximally distent, §q) 12 i‘ 4 geefisad fpm each

| ow spegyl agegménitJb fire/atk €9]200nblels 200 Uifétert séioOFPB Aveies Mbstbe fireles. Duri ng
| ow- speed printing, only one of the two PodgroupEnable tines is set in a

given firing pulise high-speet primifgmpee §92mopziasf 22t drefiredwimdlianamnsly|foahs ka2 4-irddhir | ng
hi gh- speed e.m,ﬁ.%fg'mhe ik %mg%gm&&méug ABRAESE 28 Rlzzled re ol WP el O1PS

fire nozzl nsequen I"ow speed twce as long as a

hi gh- speed §98mert. T°§‘i°rﬂ§é9? é‘“#fegh1°gﬁ'§%'&“ﬁ?‘??ft19?1“fz€§s'!‘%‘E’e“% many nozzles at .

once. Figure 10 illustrates the c osition of a._phasegro tance
bet ween adj acent ThSBOWRESRNSHTRION 8%55%%“&?"&8 'squ'lﬁ?aﬁﬁf VS}P'TQTPT"% §°°
Phasegr oupshowetea ﬂatﬁéewympuﬁmopmgé@c dihendelipass bt seme imdthizhes.e gr oupB)
are organized Into a single #regroup 27, with 4 firegroups in each

segment 38 Fi r egr oUp® seenatig such @s g pawesadsRrinicam, the ppwer iconsumpfion Zequiemenlszz| es
27 si mul t andiaehy use bhBwapetl bfnthg.nes. AEnabl e and BEnable, allow the firing
of PhasegroupA nozzl es and PhasegroupB nozzl es independently as different
firing phasati.t THeNexzlegsMpber®Pod | S shown in Figure 11. The di stance between
adj acent groupings is exaggerated for clarity. 25 SUBSTI TUTE SHEET ( RULE
26) RO AU WD 01/ 2(5$mierrod 23\cimsists oDIPRwzzley 22 sharing a common ink reservoir. 5 nozzles 22 are

in one row, and § are in another. Each nozzle 22 produces dots approximately 22.5um in diameter
spaced on a 15.875um grid. Figure 6 shows the arrangement of a single pod, with the nozzles 22

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

Although the nozzles 22 are fired in this order, the relationship of nozzles 22 and physical
placement of dots on the printed page is different. The nozzles 22 from one row represent the even
dots from one line on the page, and the nozzles on the other row represent the odd dots from the
adjacent line on the page. Figure 7 shows the same pod 23 with the nozzles 22 numbered according to
the order in which they must be loaded.

The nozzles 22 within a pod 23 are therefore !ogidally separated by the width of 1 dot; The
exact distance between the nozzles 22 will depend on the properties of the Memjet firing mechanism.
The printhead 2 is designed with staggered nozzles designed fo match the flow of paper 20.

25
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2.1.-1.6 Nezzle Gouping Summary Table 2 Is a summary of the nozzle

groupi ngs | n wolfARighead. Table 2. Nozzle G oupings for | -1 nch

pri nthead Replication Nozzle Nane of G ouping Conpositi o?@é@éﬁ'&gﬁnt 5

Nozzle 22 Base unit 1:1 1 Pod 23 Nozzles per pod 10:1 10 Chromapod 24

Pods per CMWY chromapod 3:1 30 Podgroup g% Chronmapods per podgroup 5:1 150

Phasegr oup 2@.18R1g8 PodaMakem Chirareped oup 2: 1 300 Firegroup 27 Phasegroups

per firegroup 2:1 600 Segnent 21 Firegroups per segnment 4:1 2,400 4-inch

printhead 2 SegmentOpe pust234f each bolqy (cysr, inegeritaandl yéilBwPidégroubed o chfokiapéda. RRI NT

CYCLES A si ngh@mé4sod 2% Replebdnil dieRmk | 2. A
k5o 26 FophRbhnfl dif RGeS orthelsBind horldntat St 6110 o610 24 Ben

Print Cycle involves t i riwg‘%o up to . a ese nozzles, nt
on the 1 nfor M8RS JRe ©xach disjance, betieen diffeppnt) coiey ods 123\ dspends ont the Memietiiopefating of
t he pri nt heagammeters] dnel mayfvaiyfiaini one Memjebdesigh it énother Tné diglarich & ALEIRRAUE B a

Print | e. cgg% fa[a¥ ¥4 ] ' i h;
d(raltgrm%g;vmet gtr or ngt&gwgﬁéﬁggﬁéﬁ&%@g?’gﬁ%@w%g% ‘E"%Ir‘%"ﬂ‘f““@}%f’%‘? The
Nozzi eEnabl e PHdY 1Be syapenozziag Wil ke forgifferant linge thag these, printad bythe mapenth jof yellow
regi sters. Lagizies!thy phdtiag Sigéititn Muss Bliokifor e@iisblecdiclanbé lip BBOR Bldolvadiss BiRveon
col or), eaCheﬁS’rQ(sLQ?&u ﬁén{?&é&aa%?r uﬁéﬁﬁ&&%s'agingnewgm%ﬁﬁ. register for a

t direct ed e r pper

gi ven col or ey are to’t tower an 0zzl'es on alternate

pul ses. | nterRAld V5 chrdmBpods MaléLPodpidupt egi ster is conprised of two
400-deep shift registers: one for the upper nozzles, and one for the | ower

nOZ_zItes. Al ter Fateshﬁrﬁrﬁapaﬂﬁm&daﬁl@ol drm&fes:hir@poﬂgl Wb@ﬁ@ﬁcee&ﬁﬂm?ﬂmins |
29 gl e 700 5 085eE% bt pidleil PRlans B teci Ty et PRy PUMM R,
been ful |y | dbrigRneETRNt soshawh inl Eeusy 9. with cheimeperds ymberech Pd. Note dhet ther distaihcé n
paral l el to béweshppicERt dhthfapdds &ek-bstakd fr diirlys. This equates to a single
paral l el transfer of 19,200 bits. Once the transfer has taken place, the
Pri.nt Cycl e @4:-4be?jPovgrolipemike aRhaéagedup and t he Load Cycle can occur

simul taneously as long as the parallel [oad of all Nozzl eEnable bits occurs
at the end of the2podgrups@feteorgatized into 4 singlé physegeup 26 THérhateg@op Bjicdomamed

concerned Wi b&ali@fbupor hikSlePsd wihii 8 phbssoriibiald frddShuRdrabudy Wik o oidén @%@g i nt
Ol e S NoZ | e el ' rcre deiad Beow Efﬁcg of‘a phuzsgra ﬁ%m&z’wép‘s 25s e,,m%

15 for the purposes of low-speed and high-speed printing via 2 PodgroupEnable lines.

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

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

20 podgroups is exaggerated for clarity.

211.5 2 Phasegroups make a Firegroup

Two phasegroups (PhasegroupA and PhasegroupB) are organized into a single firegroup
27, with 4 firegroups in each segment. Firegroups 27 are so named because they all fire the same
nozzles 27 simultaneously. Two enable lines, AEnable and BEnable, allow the firing of PhasegroupA
nozzles and PhasegroupB nozzles independently as different firing phases. Tha arrangement is shown

in Figure 11. The distance between adjacent groupings is exaggerated for clarity.
25 )
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-10 Each segnent 21 has 3 inputs directly related to the cyan, magenta. and
yel | ow shi fyyo ofssu@keSt ers. These Inputs are called Vaft/n, pMpRipaddiornd '
YDatal n. Since there are 8 segnents, there are a total of 24 color |nput
| i nes per 4-inch printhead. A single pulse on the SRC ock |ine (shared
between all 8 segnents) transfers the 28-bits into the appropriate shift
regi st ers. 24%&r Nozzle OPRIRGSUMMANsfer bits to the lower and upper nozzles
respectively. Since there are 19.200 nozzles, a total of 800 pulses are

requi red for the Tebigfis@spmmany otthenqzzlg groupings [narinthedde peen transferred, a
single pul se on the amai F.T foH:Rr? Sl ﬁrl arallel transfer of

data fromthe The
paral l el transfer via a pul $e on PTransfer nust |t RkglicRticice afNogile t NE Pri nt
Cycl e has fi n| dameof Giotying\] se t heComposiiesEnabl e [bi t Batioor tlhe Gount i ng

printed will bENnpBR@BTrect. Peasaunit! | 8 segnentsf2l aig [ogded wiRja single

SRd ock 5pul Se, [ BEWzaPT T Tt T U | WotHies per pag o | produ et iw:%g;; TIT ﬁle.lo(,urrect'

sequence for t p—-ead ~ pw(jm. se—will 10
iy 2%2400,-
Wwill ftransf t he CW

transfer the C 'aff'éﬁéa?‘ﬁ}"“; | Pogs per cio
240%, J201, 48®1| 4801

3200, 4000, 48)Bodgeenpi2%600. | Phemarads pefP
and 5601. Aft el Fiddgibupicl OCK| Phasegroupsipbreirdgioupnst ¢r pukise cgn be geoogn. It Is

bits for the nfRbaseureupi2s CyC| Podgrabps per phasemroupl 607,

i nportant to ng 5t LITE Vigrilps par s UTPUTS, 5.7 TNQUGN Pg sgat [ed
during the samﬁ%@% ; ’Seﬁ’ﬁi’eﬂ!} terﬂﬁ&?ﬁhﬁéﬁﬂ tre iy st C38.200 put
One. The physi I om—g+—=o e -eR—Rdz2-eS—wi--Hi-—t-Re—pi nt head,
as wel [ 1;ms paration between *pozzles of different colors ensures that
they will pi%duci‘o BRNEETBP ont | i nes of ¢ he page. This relative

orinthead. The: ackthie reantgedz Pait s Gl 63620kl £ Bt Lo ivafpape .
of the i nkjfeing ofepitesaliof inesenozzidsndapprsieptron thetiafertnationiie bejprinted; A Head Sydleinvives

defined by tNeibadiglu of the printieadivith thelkifdrvation td e phiféed dliind e ads&RbMPaR CRdez 2| es of
different colors, and Dz is the di stance between nozzles of the sane

col or. Tabl e 3 sieatsndzae 20 hbs an assodited NaxdleEmablechiinhatt detemmifiesawhethemdrnotitle 0N

the first | . én}cge E&ﬁ . ' _
Pri nt head 1?%4 ev?@g? d%lplﬂgevﬁ' t| e l\/g.'gegir?t a %5%5183%%{ ﬁ{ehg’%r%aédgg“ﬁlgﬁiﬁb
N+201 Yo shigepisters- N+D2c N+DL+D2 N+2D1+D2 3 8008+2 N N+D1 N+2D1 4 800S+3
N+D2 N+D1+D2 N+2D1+D:; a. S = se nt nunber (0-7 .. Dl= er | nes
et aeem < ho- nos , LBUS R a1 Rl PR Sttt fek spin. 2oeh B ToRG. s Bl are
nurmber of |shifted intecthe\shithregister fovavgiveri calmy they @re dirbctechto the lowercand auppef Inozzies vn =1)

25 And soongytmébte plitesSREmalY! &S 800UdBp il fegibterss Bmpriédd\dr fwodb-BedpAhin Wigisidts: 20550
PCT/ AU00/ 0 109:3 Qor ﬂielu]bper-nozzles. and one for the lower nozzles. Altermate bits are shifted into the alternate.

intemal registers. As far as the external interface is concemed however, there is a single 800 deep shift

register.

20
Once all the shift registers have been fully loaded (800 load pulses), all of the bits are

transferred in parallel to the appropriate NozzleEnable bits. This equates 1o a single paralle! transfer of
19,200 bits. Once the transfer has taken place, the Print Cycle can begin. The Print Cycle and the Load
Cycle can occur simultaneously as long as the paralle! load of all NozzleEnable bits occurs at the end
of the Print Cycle.

221 Load Cycle

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

Cycle's NozzieEnable bits.
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Dat & can be docked into the printhead. at a maxi num rate of 20 MHz, which

w |l |oad thewo9fybdskee data for the next fine in 40s. Zﬂgr+ ,@;&:IeA
4-inch printhead 2 contains. 19. 200 nozzles 22. To fi re t heri & once
woul d consune too nuch power and be problematic in terns of ink refill and

nozzle interference. Consequently two ti§jghg 5 nodes are defined: a | ow
speed print node affdchasagime-2Ijeed ipputsndirentycelated 1o the dyire niagents; Rac glelowi shif
mode, there 3dgfied) Ihdsb Rpitsare bhiledl cOSEMH, ﬁbﬁﬁa@m %ﬁc&aﬁkﬁ%s{

equates to 12 no AN per segment, or 3 L reqrou speed
print node, tffe? éaL 'Hﬂ'gg'?% per d-peh Reigibepd, A sio BPP'F? ﬂb‘"igﬁq‘fﬂi'fﬁ@amfhr s
equates to 2¢em¢nee sqgeents)dgnsiers the@d s |intor thé iapmapriate (shift Tiyistarn Alldrete piilseb ©

f d
(et et 1 -of HRe bis'd 001gRe ol M Lty Sicn vl o B RIRR R oflp .
(select 1 of ﬂ‘ﬁesﬁ&z’ﬂ‘ﬁgdfﬂﬁh?méoﬂﬁf"ﬂ W%WMWWFEW thaes

(select 0, 51, shared’PTranbgir tnecaushs teCpafallél @iinsiéh oMdat TRmOthe SHiErebictag it Bhadphitte
lines I's set %!yEXabli specr fied Podgroup's 4 nozzles will fire as
determ ned by ronapodSel ect and Nozzl eSel ect. When both of the

Podgr QUPERaDI 11195y Bl 3dtr i) Rt o AFuBRLAEAURS b bt b Sl o

nozzl es. For the | owsp ee ses are require

PodgroupEnabIﬁ@s"e"ﬂ?’ea'ﬁ?f”@l"‘fz@%@é@?m?é‘f’y‘e"W"PH@"Wr“ﬂ'rP@m* node, only one
fire pulse is 15 rge urred P En 1. The duration of the
firing pulse is gi §l§ é’r\\kéﬁgmq%a%ﬁ 8’3’:‘%‘3&5@# ok RHse, Ay pEing process st
Phasegr oupA awguqamgevgmm,mpm for beprinthead. As ayexeuple, thedissp &R Clock plilye wilhe
t YIO' ga'dedrg;] gftrhr%ﬂzr Bib oMy bits f fonme nag ]Igﬁ}{ﬁ Cidfe'sldoBo, 80d; 180@54003260 ‘*”‘r?;’g*"gﬁﬂﬁfg‘*%n
pul's p u

i nk char act e?q' S C"E%Réha‘ r'FB'Effﬁ' Bthg’Uéfgr "2{81 %"'F’Sd?tﬁes%ﬂsﬂl RéHd.
See Section 32013408 4Bipnd 36911 After 890 SRClock puisesf be BTransfer pulsaran beegiveni nt head i n

order to conpensate for tenperature change. 20 The AEnabl e and BEnable are
separate |ines in Bledurorteripnoteiiaat e pddand sven SAEY aylputs caithquptaprinted Huripg thelsame200

B ot Vel R o oA erR of P e

phases of Zl ﬁ iﬁpglf)he Bmg' gd %s (“,' F'Eascs(?ﬁasf?m’? g%t\”e%'d’%%sp"k 3‘5@5’“ iﬁ?fs 8‘%5 es,

effectively QPV WNQ@WGMQEQBSWB'PMF!M the raar] Thia selativedifferenge myst b2 actoumted fohe

AEn a?l ehaﬂﬁd Bhenakidng the aste rndwré pHgithdadt 'Ima a@ﬂill diféreftie r@uﬁeé &eperldd ﬁ@mb H&icreﬁa&ed
rin ere r ere ar

ycl es. 25 Fo e et maifm B8 inlho rfedh. Tos (HEFFE 1 4 defeg i iriape 5, on

Chr omapodSel wbere B, is NBM@SM ngzﬂemfdlgfemutpﬂualﬂné Djig the Bhtams:bebkemﬁzﬂ)s of

SUBSTI TUTE  StiEedme| dBlok frattefd SRE%the 3% tRhérariba i bebthieht ALIQDHRAAAGn the rét 4 puises.

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

Pulse Dot Yellow Line | Magenta Line | CyanLine
20 1 800s? N N+D,P N+2D,
2 800S+1 N+D,° N+D+D, N+2D,+D,
3 8008+2 N N+D, N+2D,
4 800S+3 N+D, N+D,+D, N+2D,+D,
a. 8 =segment number {0-7)
b. Dy = number of lines between the nozzles of one color and the next (likely = 4-8)
€. Dy = number of lines between two rows of nozzles ofth'e same color (likely = 1)
25 And s0 on for afl 800 pulses.
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Chr or napodSel ect 1, Nozzl-eSel ect 0. PodgroupEnable 11 (Phases A and B)

Chr omapodSeweeir2a850 Nozzl eSel ect 0, PodgroupEnabl e 11( Phapes/aBosiiorsB)

Chr omapodSel ect 3, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)

Chr omapodSei ect 4, NozzeSel ect 0, PodgroupEnable 11 (Phases A and B)
“ChromapodSel ect Q, NozzleSel ect 1, PoddfeupEnable 11 (Phases A and B) 5
Chr omapodSet ect - Yatag@s be gdegked.jnfo the pripfgeg o A RRNmH™ rate;of 2B Alkiz which wilh lga

Chr omapod Sehtieecdatalfor thoaed in@i 40ps. -9, ‘Podgr oupEnabl e 11 (Phases A and B) For
the | ow speed printing node, the firing order is simlar. For each phase of
the high spaad pPasteydeer e Podgr oupEnabl e was 11. two phases of :
Podgr oupEnabl e = 01 and 10 are substituted as follows: ChromapodSel ect O,

Nozz: eSe: ect 0, MWHWM1QEWMM@m$&tommeMt 0,
Nozzl eSel e . qﬁqgﬁcﬂ aggl r ,
Nozzl eS IeM@g%%ﬁ%ﬂkgn&mﬁhaseg aﬁhan Bg %gﬁg‘g‘g@z@&céﬁ
Nozz| eS& emodes aredafinedsa erint modeang achigh,spepd@rimode: Chr onapodSel ect 3,
NozzeSel ects 9, Pofifie RwRpstaiphif nidle, 1RFEE 2007 ptaBss, Wih eact s MiAG ISRdza64. Tils
Nozzl eSel ect 9, Pod r%%e 10 (P alsgs "ﬁ and B) Chr omapodSel ect 4,
Nozzl eSel ect 9, IQB‘B’S?’ Caalbnn Jseee ”&’FM"B) 15 ChromapodSet ect 4,
Nozzl eSel eat 9, Rotighighuspierivintamatie, tijersare 400 phasas il padhpbase firingJ92 hazzleL This r e,
it takes approxi Yo 24dSxds Per sBhrhént, or § P& firegredgg. € 22 cannot be fired

before this refill time has elapsed. This limts the fastest printing speed
to 100s per |ineynéRozbsio bé b in 8 @RETHAAG puke diddbtarminéibyt i "B tO print a line

is 100s, so the tipe_between firi a,pozzle fromone line, .o the next
mat chesiot he ref i BP™ F}?jfgf"aﬁ?ﬁgf'ﬁﬂ(ste 1h°|fgﬁ'-¥r§ %%ﬁ%a%%pgbcept abl e. The
| ow-speed print 4bisiNozzioSebat(zelectitioht( rodles 22dromiapodi230 accept abl e. - 20 The

firing of g nozzlgulg Al fhed fseidlol £ ol bsigeyf Or a limted tine
within the comn?ﬁmigﬁk res'g&?/’giﬁg of &tghat' ngzzﬁgy'gs%od. 23.) The perturbations

can Interfere W tfhehldhe Sfitie SidgrafpERLLN IRBE Is sBIOSMY e Yickifdd PdafiSupsi RozR@C it 3-
Co tly, the f f [ t d | ffset f

oo oo s oingt b hraagpielerteng Nisseed: VARF 651 F e PRI DR o 70,
chromapod 2t $atnef thecpoddreups Rill firgdheir nodzies. Fopthel lowrspeedmode, twafire puldes argasquired,

chromapod 4h \HobdrbupEhdbRe 96! hd b redPectivelyl Férifie highisgtle Pidd&)dnfp tdnd SirdBUILR 1§ he
podgroups 25 are Iéﬁ%g Sp%gﬁa?lﬁly' Thus the 5 chronme- pods 24 within both
podgr ouls eReYedy u e'the first chromapod fires again, totalling

10 25 x 2s cycl : i | r
SUBSTI TUTE SHEEqu‘?zE}E%EE gfﬂ%&kb)bﬂ%a §hERaLEe 55’7‘7%%@%8% "'%-g'l'ﬁ‘?“i?‘% the
hi gh- speed Phrseatorpfangfhrseareypd norzles frem pll fireggoups eespectively- The fyeica! dyrationg{ afiripge 6
chroma- pogeisei 18 t hisrusaTiwe dugdtion plog! gilse.gependstonathd vibdosity db aecinic(degendént b t
chromapod ffRanR9aidInk dviradbrstiddfland the amount of power avallable to the printhead. See Section

2.3 on page 18 for details on feedback from the printhead in order to compensate for temperature

change.

20
The AEnable and BEnable are separate lines in order that the firing pulses can overiap. Thus

the 200 phases of a low-speed Print Cycle consist of 100 A phases and 100 B phases, effectively giving
100 sets of Phase A and Phase B. Likewiss, the 100 phases of a high-speed print cycle consist of 50 A
phases and 50 B phases, effectively giving 50 phases of phase A and phase B.

Figure 12 shows the AEnable and BEnable lines during a typical Print Cycle. In a high- speed
print there are 50 2us cycles, while in a tow-speed print there are 100 2us cycles.

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

. ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
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5 x .2s cycl es. Consequently each pod 23 is fired once per 10 s. As the ink

channel is 3QQ80i/28 and the velocity of sound in the ink J ﬁfu?
1500n' s, the reisonant frequency of the ink channel is 2.5‘%@%, Iugﬁthe | ow

speed node all ows 50 resonant cycles 5 for the acoustic pul se to danpen,
and the high speed node al |l ows 25 resonagi. cycles. Thus any

acoust i cj nt erf er encChromapodSelécht NozzieSEledt b, RoagroupEnable11 $PHasssA end B) M Ng As an
exanpl e. congi der e tim LN 4 6, tq i seconds, as
s required by Pr ."ﬂ?@éﬂrﬁ%ﬁq%‘gﬁ‘a‘%[*@%“g%ﬁ%ﬁ’%&‘é‘ﬁﬁ%’%‘é‘%ﬁds t he 44nch
printhead nust pri Ghro@g@@Sdlechd; NozzSelect 8DYgroupERRbIertdi(PrgsesA eandB)LO, 000 | i nes
In 2 seconds ,yield | ' ' ?'m“% [ Od [ AL | e and a
single 10 Load Wcﬁgwg%é&ﬂﬁrﬁfég&sﬁ% n Fﬁébgglt“i?"nreg.g&s?‘na addition, a
physi cal process eS%hemarpdSelest @, NazzjeSelent hPodoroupgaablerid (RhasasA apdBlr an
appropriate gnount, Fromthe printing point of view, the |ow speed print.
node allofs a 4-ingh printhead to print an entire Line In 200 ps. In the

| ow speed pri®nt m§wﬁe‘%g$ﬁ5%?'§gﬁ2§“ﬂ?'é’°ﬂ€?ﬂvﬂﬁbfﬂa (mg,a"?ﬁ)ereby enabl i ng
. the printieng of ChiomapotiSdlett 4, NozleBbledt PotdreupEnebiai 1f i(Rhdsdsiaaad B)The 800

SRCl ock pulses to the printhead 2 (each dock pulse transferring 24 bits)
must al so take pl Aerdhalbw-Spesd grifithg Bid8e, thelfitingorder l8imilaF Fer éaeimpliale af the high §géed ock
pul se cannot vas 1} ?ﬁg& b%’ogaéd'aag._, Nada 163k SIbdu d
nmust be dockén&!é%%}lg—?%gmﬁ%ﬁ%%dWi%ﬁ?g e ao\;er age tine ?o cgpgulsgte' Iggc bi t
val ue (for e#¥eW%f the 19.200 nozzles) nust not exceed 200s 119,200 = |

Ons. Thi s requir es chromaobSans; NaizieSeledt 0, FodgoupEnabled® (Fhases @ ahdB) oW ng speeds:

100 MHz nerating bi t 0 [ 2 bits (dots)
per cycl 05 M—Izcé'gﬂwgﬁkr?&ga' Egﬁﬁ&?ﬁtﬁﬂé‘gﬁ%ﬁfﬁﬁééay@ FEEDBACK FROM
THE PRI NTHEA® The PhiomagedSaiectt, NeazigGelect 0. FodaseupEnabledd (Phates AaadiBac k

(accunul at ed of r oM EhemShoISHEEN Nsesditeo, Fobeliperdsie b fihaseananaBed 1o adj ust

the timng of the firing pul ses. Al though each segnent 21 produces the
sone feedbacR, the-feedback fromall segments share the sane tri-state bus

| i nes. Conseg@uent | ghromagousestes, Nogieseléct 8 PoddroupEhdblz®1 (hases A@ud Ble f eedback. A
pul se on the Sense Sel | ne ] n.enahbl es the sense
lines for that segﬁ’gﬂ?"ﬁ%ﬁ'g‘e’ ac %\gﬁgs%%%léél%?qg\n(ﬁ (szér?% romthe

sel ect ed segrent uRtroinapod@slechd NozzizSelet , PodireyPEnablet0 (Rhesse Aand®) f eedback

sense | mSs ar e as chghhgiSsiect Riedbilkdro SolifehpfRblsTo $hafibah yp_ormosso
PCT/ AU00/ 01076 -14 Tsensel nfor m? the con rgl I er how hot thgeppri nt head Is.

Lonperat ure affect anerahs SOk s spbifivdldly fout bR TOOERER cshbdlBbmot |
u s the Vviscosify .of . | Vsensei

how much vol ?ggg?q'ssmé\r}%ﬂel\"ﬁ%%?sf‘}oﬁ' ’témg e fagtest printig; seeediq {f&lés ‘feﬁ@‘e' '{Eg}ﬁr}]@n er
t 0 conpensat &peed prinympdeathe fime to@rint adine ih 109hs. sothe fime belwaen Génglaynozzie fiomione tinetth e

pul se W dt h. the nEReRLERLI S FelfF tirhd) thakif ihé Aigh-Sgee® brint RBdd fSdptble) THeMow-£ga8® prin€ "

square) of t rl]n%deaig glgv?etr ran g? s;[o?sr a'lso-la;mersztable.

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

. in the low-speed printing mode the podgroups 25 are fired separately. Thus the 5 chroma-
pods 24 within both podgroups must all fire before the first chromaped fires again, totalling 10
25 x 2us cycles, Consequently each pod 23 is fired once per 20ps.
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allows the controller to adjust the pulse wwdths to maintain a constant .
energy |rreeprmssove of the heater resistivity. Wenserofaunwomyse
controller of the width of the critical part of the heater, which may vary
up tot 5%due-to lithographi.c and etching variations. This allows the

controller to adjust the ul.se wi dt h13ppropri at el 4 SPEC] CYCLES

2.4.1 PreMeat Cﬂﬂél‘%"'i'bs"??ﬂagwm?%g&’f) Pﬁ%&é’gé)#a%m qugéﬂﬂ ﬁ@'ﬁgﬁ%?‘%' st ay

at the equili brpeysrt ennires sitgle podgroup mustalifies beforecthe frstchrbmapod Sices egaim totalling he

printed photogr ' i f4i | i brium tenperature
gggpp | ﬁ‘?ﬁ%@@@%{:&- 5123 &ififed onde Por R4

must be met before s. This is acconplished via a preheat

cycle. The Prehﬁé&,ﬁ&%@ﬁ&%ﬁﬁ&@gﬂﬂ%ﬁcﬂ%n&ﬁhﬁiﬁkﬁka?&dnd RSUomlsSHfe Wi € h

is (i.e. setting a es to frLre), and.a nunper, of shart ficring pul ses
to each nmmaétﬁm@%ﬁ%'?ww?ﬁ@MH%I%WSm@m?WﬁEWﬁ%WﬁPﬂﬁr e the
dr ops, sbubrm&bbﬂé pulitcotdamperd, lasd tha thigh Abeetigudde cllowsiRSLresdde® cpdess Bwsfagy each
nozzl e¥ 15 are.regui ' ough in the sane sequence as a standard
Print Q/CPE?_“S‘IE d%%h%ﬂgﬂirnﬁr%g'h{bﬁg%heat node is provided by Tsense, and
conti nues tilqoequildbrium- tenperature is reached (about 30 C. above

anbi ent). #ﬁ’e dﬁ?’&%‘?bnml?"&f the Preheat node Is around 50 mlliseconds, and
depends on the i ohdidePthe firhi | L N3Ednbs aki8 FdduiRkabipt | Ob.
Thi s does not apgg%'?&gﬂ?m%ér pe?F@mﬁﬁnyég@&ﬁ%o q\gg‘l efj:?lﬁsgﬁgge
data is tPEPSATS i oider faprintaphgtojing sgconds Jhed-ie g P’@g% ines &% 9P ¢ o
reduce t heroGriting @p o 10{0002Z in@setvadoyiiidse lidetgeaf 200usch eiagié Print Gyde and s ainglbe
undert akey ol GAfckh fish Winih Bk s n baBiRAZ4 Prbidal Bcdss bRma WG BrineRd |1 TES

ponge. e C

Into atp absorbent s 7 eanli ng cycl e involves a single Load Cycle
to all noZnusiyeovptheipanes an apPEPratedMURty al-| nozzles to fire); and a nunber of

firing pulses to each nozzle. The nqzzles are c n V| zzl e
firing sequence Fe the priniingpaintef wew. e igw;snead prﬁ!ﬁ dﬁér%grg %?cﬁf%'!r;rhgesﬁ@ﬁg?t.ggac h
nozzl e 22 dnfire firieri® 20002l tredow-Geed privhmedeco8 norzies 22 fteriet firivg Pylsed themsly enpbliag t hat

the print DAtha RES bnlird life within 11 sh&kiied @heat , the cl eaning cycle has no
ef f ect onq'é)erl nt ar pern%'or'rravﬁce. SUBSTI TUTE SHEET (RULE 26) RO AU WO 01/ 20550

PCT/ AU00101076 Thd Boo SRctockRiiddE iiheprinbibbd3k-(36dh cloch pdise transfeaning@i dits) mustalso .
ri nt head has the fo W ] : [ Prisfid bead
%onnect i oﬁ@zl‘elﬁgﬁ%wme Eﬁ@ﬁ'ﬁ%f"ﬁ%nﬂg%@ %g?onoscl gel e?‘t"é%mgg?‘é.’é%&?v\%o c‘%}sgir omapod
wi 1t 1% e 250nsqindigtingthat the pentheag mustba clacked gdMER: Inerisiipn, the 2xemgeime ingglchiple) 1 | o
(0-9)  Podgemitviatbe @dilegchdf 8 291200 nbiriesroubtinad exgeed 200ysi/ 18:200cH1Ons FhipfequiRsa 10. 11) -
dot generator running at one of the following speeds:

. 100 MHz generating 1 bit (dot) per cycle
° 50 MHz generating 2 bits (dots) per cycle
. 25 MHz generating 4 bits (dots) per cycle
20 23 FEEDBACK FROM THE PRINTHEAD
The printhead 2 produces several lines of feedback (accumulated from the 8 segments). The
feedback lines are used to adjust the timing of the firing pulses. Although each segment 21 produces
the same feedback, the feedback from all segments share the same tri-state bus lines. Consequently
only one segment 21 at a time can provide feedback.
A pulse on the SenseSegSelect line ANDed with data on Cyan enables the sense lines for
that segment. The feedback sense lines will come from the selected segment until the next
25

SenseSegSelect pulse. The feedback sense lines are as follows:

SUBSTITUTE SHEET (RULE 26)RO/AU




AEnabl e i -Firing pul se for phasegroup A BEnable 1 Firing pul se for

phasegroup B 0-7] 8 Cyan input to cyan shift regi ment s
0-7 MNDat al n[ O- Magenta input to magenta shift regi stZII '}&Is"g@r?ﬁgnts 0-7

YDatal n[0-7] 8 Yellow input to yellow shift register of segnents 0-7
SRCl ock i A pul se on SRC ock (Shift Regi sq\&d ock) loads the current val- 10

ues from Chateal n[ O-rZ&mea@aisarLMmﬁlr oW Gotth& privthabdis. Aihis albves thé Eontreliédr 16 st

Lo the | iernal - NIPORERATEY ”""”Sfehmﬁeﬁ%k S Ee L L9 TS S

pul se on SenseSeg Séfswm\m cantrolier diaw eudivvolZige iscdvailabli to thesdclualos Thifigdlwethe e

| i nes for segnent gg?‘;e RRE
Rsense | ReS|gst i vit %—%ﬁse n;I_\/@enseﬂgilt %’d‘?ﬁﬁggons Lo Iy‘gdj@h@f@ﬁgs%i C
ground Logi ¢ PWR Fsensginfermsdhasontrplier pf the registivity (@hmsmepsariere) ofthe seiyator heater This

Power TOTAL 44 | nigiyws &e chitrolid? @ sbjubtiied pulds widinb &oraintslmé BonSQie ¥Rdidy ieBectiVecor
fol | ow ng &onnecti i‘ t.0 th@ bond 20 pads: Table 5. Four-Inch Printhead
olithens,

I nt ernal Segnent W-Nane W ns Descri ption Chronmapod- 3 Sel ect
whi ch chromapod wi WsehseinfornistheidonBderatthe witllh sithe@itidabnert oftheheatet; whighmaytyamiup z | e

fromthe pod will 4§ Q:Qeﬂ)umnﬁ’re.siw d Rlshing varidad rhis llitfivs RRCASALRIE So Sdjusf thé €
(choice of., 01, 10, 11’% Fp 5 AEnabl e 1 Firing pul se for phasegroup A

BEnabl e | Firi ng pl’ﬂ‘ roup B SUBSTI TUTE SHEET (RULE 26) RO AU WO
01/ 20550 PCT/ 1%}0@ -1 TabI e 5. Four4nch Printhead Internal Segnent
Connecti ons (S |pt|on Chataln I Cyan input to cyan shift

regi ster
241 Preheat Cycle

10
The printing process has a strong tendency to stay at the equilibrium temperature.-To ensure

that the first section of the printed photograph has a consistent dot size, the equilibrium temperature
must be met before printing any dots. This is accomplished via a preheat ¢ycle.

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

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

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

Preheat is performed before each print job. This does not affect printer performance, as itis
done while the page data is transferred to the printer.

20 242 Cleaning Cycle

In order to reduce the chances of nozzles becoming clogged, a cleaning cytle can be
undertaken before each printjob.. Each nozzle is be fired a number of times into an absorbent sponge.

The cleaning cycle involves a single Load Cycle to all nozzles with 1s (i.e. setting all nozzles
to fire}, and a number of firing pulses to each nozzle. The noutes' are cleaned via the same nozzle
firing sequence as a standard Print Cycle. The number of times that each nozzle 22 is fired depends

25 upon the ink composition and the time that the printer has been idle, as with preheat, the cleaning cycle
has no effect on printer performance.
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MDataln I Magenta input to magenta shift register YDataln | Yellow Input
to yel |l ow lyoihessegi ster SRClock | A pul se on SRC ock ( SutAdeemiess er Cl ock)

| oads the current values from $ CDataln, Mdataln and YDataln into the 3
shift registers. PTransfer | Parallel transfer of data fromthe shift
registers to the internal NozzteEnabl#s-bits (one per nozzle). SenseSeg- |
A pul se or2.5ens PRINTERADINTEREMBSUMMARY dat a on CDatal n sel ects the Sel ect
sense lines for this segment. Tsense 1 Tenperature sense Vsense 1 Voltage
sense Rsense | Ml%ﬂnmmyh@éﬂéﬁsmﬂmwwnwtﬁ‘ﬁ sense 10 Logic G\D |
Logic ground Logic PWR'1 Lo we V- Zé Actuator Ground V+ 21 Actuator
Power TOTAL 65 (65 I"ﬂ!"é-éﬂﬂ'e‘ﬂ rintisd Coppeetipns <o oy s) 3 I MAGE PROCFSSI NG

CHAI NS The prevh sect] gpﬁshlave deal t onI y \A/P;&ﬂhm hi ghest | evel
overvi ew ¢ ehe $éi et rg—CFAages—tol a
vari ety of| GHRmaRPdSSleRty; e omr ks ?‘#LWFEM‘” RM%ML—QL—%

i nvol veRl i|iNdzzéSelest an i nidje fr ﬁ?‘%\!"m@hﬁﬁmvﬁw duci ng a hiph
qual i ty oUifudgropEngtle V| Zan pEnmble thepodgroups td fice/(choigeob 848, f1ht 0 t wo i [rage
processi nd 'Eﬁgs gacn Th a| Aldgpulse for piiségeaup A | mage Capture Chain
Print Chaifr PR eRge € *w € ﬂddbmsgfd;gﬁygwi W Th capturing the Thage

]I;;?rr?t t gﬁa:r_rfqﬁa'%ncer nedl &i t b ':sw 'W;mmhgm@mwmswéngus PrrrTanT] The

1 I U I .
These two |oWRatalsl0#hp ontjpBt he DMQQ%W%PMW@WWA&W}“% 'iwl L ous
Take&Pr i nt| YDaamg® Capt uf& Chal Yelbwinpuieyeliew shift egisterofseoments @i nt = bri nt
Chai n For [C3REBKE, a Usefqnay DpAbptise éh SRGIock (ShifRegisterGlock) badsdieuuirent yal- and | f
happy yhtHh the results, | print| sesomgDaainihiMeataitpyiasd YRetpiniorl into theni
chapt er descri bes an | np| enent @4 Wit regigleBendent. | mage processing chaih that.
meets 25 fpmagenl 1ty repul remmaranebli'anﬁfemimmmmshﬂhﬁes'sts@&gée'n'm'alare not
consi derinjg exactly how | he prpWezzisEnaple bitsfongrperogadeSHEET ( RULE 26) RO AU WO.
01/ 20550 SSIgEARR 76 (117 1 & Apaies ar SandeSegSdiest ANDed WithdataionsGRataliialt  ht her
what nust pe done. These| f unct | selectsthessensadinesiprregmenbmt o t he vari ous upits

l*

vJ

wi t hi n t he[ T¥ehse 1 Temperature sense
Vsense 1 Voltage sense
Rsense 1 Resistivity sense

15 Wsense 1 Width sense

Logic GND 1 Logic ground
Logic PWR 1 Logic power
V- Bus Actuator Ground
v+ bars Actuator Power
TOTAL 44

Internal to the 4-inch printhead, each segment has the following connections to the bond

20 pads:
Table 5. Four-Inch Printhead internal Segment Connections
Name #Pins | Description

Chromapod- |3 Select which chromapod will fire (0-4)
Select
NozzleSelect | 4 | Select which nozzle from the pod will fire (0-9)
PodgroupEn- | 2 Enable the podgroups to fire (choice of: 01, 10, 11)
-able :

25 AEnable 1 Firing pulse for phasegroup A
BEnable 1 Firing pulse for phasegroup B
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Regardl ess of the PCP inplenentation, there are a nunber of constraints:
The | nput | CFA based contone ROB i mage. The ou vbdioe 'S for
a Menmjet print elggs bi -1 evel dots at 1600 dpi) In CW col g&’épgce 5 and
is always the sanme output width (4 Inches wide). 3.0.1 Supported Print
Formats The PCP 3 supports a variety of_qutput print formats, as shown In
Table 6. In all cases Taila® Fous-ln¢h Printhehd intdrmal Segment donnpetioas ( mat chi ng t he
printhead wifdth). Onry tnefrengtn or the print_out_varles. Table b.
Supported | nageN¥®f el #PWBHput Si ze Qut put reB8ACHPYN 10 Format Name Agpect
Rati o (I nchesgDatamt 1600 dpi})Cydrdomt ooyan sBitzagiser d 30 2: 3 4" x 6" 6400 x 9600
90 Passpof gga.nz 314" X Gjagﬁmuxgo%g&mim&ﬁmﬂamc 33 4.6 4" x 127 -

6400 x 1920 0 tromrgra l6w?hfft O—X—Z267 -0~ The Tmage sor
does not prop-ge '3"“ .Bl"“ € hﬁ:uﬂoj‘el re@ B REES arecaptured at
the sane resoPf °5n (1300 )é&é&?”@ﬁx ' 535’3 regs
before prént e 13 IS Y ured

CFA i mage anjdP¥ensfeqar 6uss&g%'§w . } Ithouh1he
I mage i g sh lotated 90 d aa E:P?P\?IQ the |page ga_n_b,g_g_g,t_it ed
cl ockwi se or} SanseSeg] ogwi's¢ AmﬂmWMMﬁhﬂﬁémﬁﬁﬂg@%ﬁ?ure :
Chain is res I ble for t4 m‘%@%mqﬂhm the Image Sensar and storing
it locally wTdense t he| Print Jamperstiresenatige Capture Chain invol ves a nunber

of processes|vseade Only negWokxpe kmmser f orned during i mage capture. The
| mage Capt ur Rdefise N 1 $41T1 Lﬁegiﬁi{,ﬁ(}eﬁsg Fi gure 14, 20 wth subsequent

sections det e ST ‘fﬁdﬂ,{#ﬁd ts—37 1T muge mage
cComes frqm HRGo-Seiser Al u"h et i ety—ot—age—Sensers—ar
avai | abl a0 eSS0 (£ d; 40 4 Lhgigaroun color filter aLLa.)L_(_CEA)_._Ihe_Ba. er

CFA has a nupt9@icPBIR 1t | 1 kegicpows ch are deil ned here. 25 The |nage
captured by fWe CMOS s$2hson ActugteriGuoundt aki ng | ens) is assuned to have bgen
sufficiently|v+4 |l tered|ap agAcwawrdowsre any aliasing artifacts. The senspr
i tself has arrgyapect o ?ésx%ségmensutszowuxuag (ROCE Z6)ROTAU 1 i:
WO 01/ 20" +0 PCT/ AUOOH3+6+6 with a resolution of 1500 x 1000 sanples. The
most |ikely i xel IMAGERROGESSING CHAINSayer color filter array (CFA), wth
each 2x2 pixel block arranged in a 2G nosaic as shown in Figure 15: Each
contone sanpl e of The ptaviousse@iofshaverdesipaniydith the highesHelel ayerdewof therREPHilingtipnality

respectivsly) a&fm%,%}ng'cﬁm%g@am&y gfa%,sm E\nmhna%f mtra@uﬁmsn&mmw&s

| nformati on out one st nates t SS| col or
i nformation Wﬂg‘ted KAg 38 nnge 5?’%"‘9 freRop fe5e" ¥ Prfieing s Wﬂ?‘é'ﬂa"glﬂ’g‘m prnt We can

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

. Image Capture Chain
. Print Chain

The Image Capture Chain is concemed with capturing the image from the Imags Sensor and
storing it locally within the Prinicam. The Print Chain is concemed with taking the stored image and

20
printing it. These twa chains map onto the basi¢ Printcam functionality as follows:
. Take&Print = Image Capture Chain followed by Print Chain
] Reprint = Print Chain
For example, 8 user may print a thumbnail image (Take&Print), and if happy with the results,
print several standard copies (Reprint).
This chapter describes an implementation independent image processing chain that meels
25

the quality requirements of Printcam. At this stage, we are not considering exactly how the processing
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5 The CFA is considered to perform adequate fixed pattern noise (FPN) .
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3141

? Bérf&ﬁ'llle% dunT

with subsequent secﬁons detamn

Image Sensor 1

'uﬁad@%ﬁpﬁr@ rﬂn& lrh‘a'ak icaptsre ‘oRkin isiRstRIN FGUrs B4,
é) tﬁg sub-componerﬁs

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

The image captured by the CMOS sensor 1 (via a taking lens) is assumed to have been
sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect ratio of 3:2,
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5 3.1.4 1-Stored I nage 42 Each col or plane of the linearized RGB imge |Is

Witten to negghydsqgy tenporary 'storage. The nenmory sho h 11 so
that the inage is retained after the power has been shut %&’MP@”&@ al

anount of nenory required for the planarized |inear RG image is 1,500.000
bytes (approximately 1.5 MB) arranged aggfollows: R 750 x 500 =375. 000
bytes 10 Bwitly8esiusD®f B %, 1000sahplee The most IiKdhOpize! dri0ghmertSo the Baydd volerditer3. 2
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dots. 3.2.1 Input ' ) |, g i rized i 42
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gat hered once for Pixéls frqm theCRA links (9.2 Bicitd. inGexd irito the Rpihd G Rbles, Whig pixdfroniRéCERN be

gat her ed gep : . ' .

SUBSTI TUTE sﬂ"é%%%ﬁ%ﬁ&% 4 8y P 7B R Sty il e bgRER 5o |
Bui | d Hi st ogfHfirriTBe Rrpgessis shownyin Figure 46. I tota! amonnt ot mamon/ Fequised fereach lenkyn table 5| Le
of the col or is@aBenits.FaeHiodkup Gbhs 450ReforEFefuire E01a! oL DKBYIS TS x 8" bydsi|  Of .
375,000 red pixels (mn 19-bit counter required) 375,000 blue pixels (mn
19-bit count 8A.3r eqptakapRld RGB417/50, 000 green pixels (mn 20-bit counter

requi red)

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

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

15  green pixel and then by another red pixel - the different color planes are interleaved with each other. In
some image processing systems, an interleaved format is highly useful. However in the Printcam-
processing system, the algorithms are more efficient if working on planar RGB,

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

20 the pianarizing process. As a resutlt, the R, G and B planes are not registered with each other, and the
G plane Is twice as large as either the R or B planes. The process is shown in Figure 17.

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

The red 45 and blue 47 planar images are exacfly one quarter of the size of the original CFA

o5  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.
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Therefore a single 256 x 20 bit table Is required to hold the histegram.
The processw@bifugsd di ng the histogramis strai ghtforwardrcmmd/dlmt rated by
the followi ng pseudocode: Forl=0to255 Entryl 13 0 10 Endror For Pixel =
| mageStart to ImageEnd p = Inmage [Pi xel 3 Entry(p) = Entrytp]+1 EndFor
3.2.2.2 Determ ne H gh and Low Threshoit¥$s 15 Once the histogram has been
constructed for t/MBoughthegreen pianar image 46§ hajtof thesize piiherigiaal GFAdmage. ts not setnd

| ow t hr eshQlutlas stiaiRtforkdndipasithé ekl o die iplaness The dedson A idue!to thetedkerbeurd Mafut 6F

Chr ohol ds Jeoet one WAL Bl Sl oBbiptel Sndll ‘Q{'ﬂ B8 froaTERelirbliol e o,
dar kest pi xealipate lines of the greanpiap P@thmé‘b‘e’ﬁﬂ ‘"“‘?ﬁ%ﬁ@g%ah@weenwe

consi der t hanaPfimagelis 75054 100D pkels. This hadramificatinfottheresdmpling [Réceis(esd "Rassple The
exact val ue tﬁ'gqag??éﬁ‘”@ea ed to be about 5% but will depend on the CFA

response_char 20 The process of determ ning the n% darkest
val ues i strai ghtforward I nvol ves stepping through the color plane's
hi stogramf?‘bfhtrf‘f’é"'ﬂ'b’ﬂﬁ? %r O upwards (i.e. 0,1.2, 3 etc.) until the n%

total is reached or we have un rom
. The highest of tHESReYY B%“'é ing rﬁggggééé&?ﬁs%ﬁ %% ‘f"g'i'ﬁtg'a%l or
pl ane. AIth'ﬂug‘remotyehwldhyF&SUHMQ&WGJ!"QS@WM*E@@MWSP*"M‘G@S t he
di fference can be considered expendable for the Furposes of range expansion

and col or bal ancThedptal amourtef memery gaquireg for therpiapar wgafm'wuq 82 bries| ues
i's simlar.(apgrodninely ¥/SMBYanaigat agfokowsough the color plane's histogramfrom
the count for 25 255, 254, 253 etc.) until the n%total is
SUBSTI TYW§'E gHEET%%M@%Mﬁﬁ% 01/ 21550 PCT/ AUO0O/ 01076 -21 reached or

until we have tr @0 xe0~375098bylehan a set anount from 255. The | owest of

these values is @985k dbefs0lddfpftésth threshold of the color plane. A though
there is a difference between these lightest: values, the difference can be

consi dered g¥pengglrcHay t he purposes of range expansi on and col or
bal anci ng. The reason for stopping after a set distance fromO or 255 is to

conpensate for t WﬂietP)iﬂQﬁalﬁ)fs oorﬁednmkmg,an Wﬁ@mﬁbﬁr&f héhhdipd2 M Piiihdit thange
I's low, or a M\émjet pnnteltya I}\s |mage |s Yc@l'ly pnnt(e)& asbéo%r(\: la<s 1{ has %een rmtgred although it can also

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

There are a number of steps requi;ed in the image processing chain in order to produce high
quality prints from CFA captured images. Figure 18 illustrates the Print Chain. The chain is divided into
3 working resolutions. The first is the original image capture space 50 (the same space as the CFA),
the second Is an intermediate resolution 51 {lines of 1280 continuous tone plxels). and the final
resolution is the printer resolution 52, with lines of 6400 bi-level dols.

3.2.1 input image

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

Capture Chain described in Section 3.1.4.

3.22 Gather Statistics 60

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

25 blue planar images.
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In these two cases. we don't went to consider the entire n% of upper and

| ower val ues W@ ofsseeXpendabl e since we have a | ow range t&.&ﬁmﬁw\%th. Ve
can safely set the high 73 and low 72 thresholds to be outside the range
of pixel values actually sanpled. The exact distance will depend on the
CFA, but will be two constants. 10 A sapg.e color range for a color plane
I s shown in Bi22ur eBudild Hidtagramt hat al t hough the entire 0- 255 range is

possi ble for an Image col or plane's pixels, this particular |Image has a
smal | er range. Not @he figst step i kettuild dhdstageamdonedoht 8-tittvelge af thercoknpiand. EachA500 >61000

represented kpga 3 gein the low and 70 than in the high end 71.
This is beca‘useﬁﬁ]ggaﬂi sn'?%gdfu;m must contain nore pixels with high val ues

cl oser toget*her c3RPAP g pixgls {min19-Rigountpgreauind) hi gh 73 and | ow 72 threshol ds
must be det ersi ned 35000 6136 pixels (i 19/Dkt Sduhted réglirddydual |y. This 15 infornation

wll be used to ca | ate range scale and offset factors to be used in the
| ater whi tSe Bal ancg&@ﬁgemv% (@?éﬁ’ﬂ'&?ﬁfe’m s. The fol |l owi ng pseudocode
illustrates the psQcess two thresholds (to

f deferm.nj i t f
find the | ow thres "ﬂ?’egf‘aﬂ'ﬁeﬁé‘%%ﬁ&?gﬁg%é%'%eﬁmﬂ% To find the high
threshol d, start ition - - -1 Th d s t hat
Threahol d i s an 6. 1% Poest af palafd oo PRicbny e sfdonaeiil S HRERRER, RS TbR | "°

StartPositiomseufespde: = O Total Delta = 0 While ((Total Delta < MaxDelta) AND
(Total < MaxPixels)) Threshold = Threshold + Delta Total = Total +
Entry(Threshol d) dg@tallpelstas- TotalDelta + 1 EndWile 25 Return Threshold
SUBSTI TUTE SHEET (RL%E%%Q)RQAU err: WD 01/20550 PCT/ AUOO 01076 -22- 32.3
Rot at e | e 61 Rotatian of the Image 61 is an optional step on both the
Capture and Print E’ﬁﬂ’f‘Repri nt processes. Different print formats require
the I mage to be rotcatrdzklet TdrgestiFtore B@selerees rel ative to the CFA
orientation, as showsirfegEtrgxie 13. The rotati on anount depends on the
currently sel ected phLiRts 2eh@y il Al though the direction of rotation is
uni nportant (it c ) Re cﬁ ockw se or counter-clockw se since the

new btientation is onty facilitating the printhead w dth), the rotation
direction will affect the relative registration of the 3 color planes.

Tabl e 7 summBkizze Spdilimine Hightdn@ oW ThrdiHoRd fOr each print format from the
original CFA orientation.

15 Once the histogram has been constructed for the color plane, it can be used to determine a
high and low threshold. These thresholds can be used for automating later white balance and range

expansion during the print process.

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

depend on the CFA response characteristics.
20

The process of determining the n% darkest values is straightforward. It involves stepping
through the color plane’s histogram from the count for 0 upwards {i.e. 0, 4, 2, 3 efc.) until the n% total is
reached or we have travelled further than a set amount from 0. The highest of these values is
considered the low threshold of the color plane. Although there is a difference between these darkest
values, the difference can be considered expendabie for the purposes of range expansion and color
balancing.

25 The process of determining the n% lightest values is similar. It involves stepping through the
color plane's histogram from the count for 255 downwards (i.e. 255, 254, 253 etc.) until the n% total is
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- Table 7. Rotations from CFA orientation for Print Formats Print Fermat -
Rot at i on Sweneitzpos5630 90 10 Passport 31 90 Panoram ¢ 33p€flauddgedenai | 32 0
Since we are rotating only by 0 or 90 degrees, no Information is | ost
during the rotation process. For a rotation of 0, the Inmage can be read
row by row, and for a rotation. of 90, -2 %ng can _be read col um by

col umn. ReGRhed g5 yntil we fave fravelied fyrther than %?ﬂ%g"‘ from 235 The Jawesh,of thesg valugsiisct i on
i Nt o accotonsiderddth@high Hrestold of ﬂBableMemmw tiererigie difforgrive Setweendfesd lightest

P\gglt ggrgf%erfecgﬁmh gﬁbr?g con tﬁxé)ér?EMAﬂ ?gﬁgﬁiméﬁﬁgﬂé’@‘\ﬁﬁw bot h

in terns o?a1@pABe-ogr apher and subj ect matter. However, in all cases, the
subject matter of a photograph Is Il |lum nated by |i either froma | i ght
source (such as Thedeasgh 17a after 8 Mﬂmwg‘wm%?fzﬁ‘g%mmsgh riwqfyresst 3
neon Sign)imaa& In nmost |ighting conditions ~what may appear to the

phot ogr pher as' vh| far fromwhite. Indoor lighting .
for exanpl e, t ypI c%'ﬁy%?dzﬁ"ﬁ‘f#ﬁo% cast and this yellow cast will appear
on an uncoer ect edhqmmregmpmeorblaﬂﬁsenipeeml'e the yel l ow cast on the final
uncorrected photograph I's won though it may match the view ngp

condi tions at thl?ﬁ*ﬁ@°ﬁﬁ%’-ﬁf?&°@qb¥ﬁ‘bﬁmeﬂﬁkﬂwﬂ’(“&%%ﬂ"me§ behe
percei ved gpbstiablefsintd1me aljeclow ririgeits béghtwiti. Weccahsdfely et he high 178 @haTowW 72 €

bal ance ony, Rng gﬂﬂs Wl ' QHM 2/ EQ& SNE | mage
can be perc%sve tu?w ﬁﬁ%’igfrp%%*u‘%fulb?%\fhen e'.'gglnam C ranagg@! '5@ Tt the
col ors |s BRFEAPULVE betyacestadthe ful| range In each color plane. This is
particawbarly useful to do before an inmage is resanglped to a higher

resol ution. |f tAETRAELSlr @geforgeolocplane i ahown in Figure 19, Motedhat ithough the eafnplr| TTE
SHEET ( RULZ5526éngR@ pbksibi(oh/iRdye stlofpEné’s\pidds, Gis(padicular iage has dosmatiereahge. rNote

Nt er POl at g okl ca@3kine Ivﬁégvélra&@&m@ﬁﬂam R ind BB UR 7

expansion |'s e5|% e full 256 value range to ose va ues
act ual |y s#iibs tugh endf1; This ip beqause e histogram myst coptain s§"‘??é‘f95 ugsFleser and
t he hi ghestogetladrumdaaedmppbﬂendp 255. Al the Interrredi ate val ues are mapped
to proportionally Internedi ate val ues between 0 and 255. Mat hematically,
t he operation peTtedighddandjowi72 thrgsholds mugs he determisadior easinesian piane individyatlyoThisowe d

by 5 a_SCfofinatiod\Ril béisedHoRaltilat AN S hrits offEtit Fetlors tobe(USbd4A the tatdr Wil HaRAGO! d) X
Rangeséﬁl eFactor where ngeScal eFactor = 256 (Hi ghThreshold -

LowThr eshof'8) 8 STE St PE¥Ee or shoul d be linmited to a maxi mum val ue to

reduce the risk gf, GuRARHiel&cbdbSiustrates the process of determining either of the two thresholds
(to find the low threshold, startPosition = 255, and Delta = 1. To find the high threshold,
StartPosition = 0andDelta = -1). The pseudocode assumes that Threshold is an 8-bit value that
wraps during addition. '

Threshold = StartPosition

Total = 0

TotalDelta = 0

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

EndwWhile

25 Return Threshold

20
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10 r.ange t.oo far. For details on cal culating LowThreshold, 72 see Section
3.2.2 "Gather I.stics". These values (LowThreshold an

RangeScal eFachﬁ’ | be different for each col or pl ane,dpacr'ln I{%‘P}/ 1aneed to
be cal cul ated once per Inmage. Both tasks can be undertaken simultaneously,
as shown in Figure 20: Since this step igyolves a scaling process, we can
be left withagame kémeimsyeds conponent In the nmapped value e.g. the value
12 may map to 5.25. Rather than discard the fractional conponent, we pass
a 10 bit result (8Rbtalich dhlhe iMaROS is ar optiond! fstep toh @Bt thENCdpturd &rd FridkéndsRepgst Of
t he i mage processing chain. 15 W cannot afford the nenory to store the
entire imagepﬁ’fe e than 8-bits, but we can nmake good use of the higher

| ooioade S . . e s,
hnd the output  noRBRAEbh el fllire ORGS0 tdaed e b0 gopRBORIab's G
|'s shown i n KiF8wrientalion, as showy in mﬁfsame rplgtion ameunt denepdsyondhe cyrrenlly salegted pant
i u Et racti fﬂs . mtpﬂﬁmlﬁh hhaei\ﬂﬁém f RGN vs urlimiibnt Gidan bélciothwisedor bsuintaBgigurwliss sincd.

| KEW Se, mu I 1..C I oNn_IMLUS a " I r
portion of t ’}eg&’ﬂ t%“?ﬁqﬁfa%tgﬁp’eﬁ'flﬁeeag%ﬁ%%@ ??é? |@th¥1$§§'?%6{%£
wi || be nappeepistration 56he 3 palor Plapess TaRisT Apmarizes, thy rtationreauied (or each piing fogmat frep g e

col or corrponq;goﬁgﬁincp,k&%‘aﬁaﬁy) coordi nate. To produce the final printed
i mage we need to have the other col or conponent val ues at each pixel.
Utimtely we need cyrable ThBeotetinna fromiCFApdentationder Rsint Easmt®nent s at each
pi xel , but to arrivd at cyan, nagenfa, and yglgaw we need red, green and
bl ue. Wth our one-qal (')I’?1 fPfHTa&pl we mmy h gRtehe red ¢ nponent for a
particul ar position,| $aded80 need to[&timate blue and gregn. O we nay have
green, an® need to [@esspom8t red andisbl ue. 25 Even If we did have the full
red, green, and bl uq sspbahice®nponeny ot or each CFA resol utlion pixel, the
CFA resol ution | magqrempigias e T Traty output resoratron. T|n addi tion,

al t hough t he out put Y-errat—SYUBSH-RAE-SHEEF—(RUEE—267-REHAU Wc) 01/ 20550
PCTi Al 1ao/ 01076 . varies. .th | Gal i dt idsDg ' iohS
constant (4 inc hes%ﬁfe I‘g@'ﬁ’ %B}'r)g."%lf%g)bcsz%cr??tdg% &vmn%l?' ﬁonﬁ)@&' tg.rlldes fpdr%ﬁgn%'ﬁggg“ I's

t her ef or e 640PceRst or a tatienof By the Image @R b wabrowdY Fw, engt fr@otatign pf 90, thejmage 3Nt o
t 0 CFA resol Weirgdy dofiinh ibyRblurhi) tRRgistkicht of k) 3 calot lalvksimiise take thenratitian gisetliongintowlor
conversion. . a@oﬁﬁlly scale up to the print resolution. This has the

advant ageqpf "a"Constant 5 sharpening kernel and color conversion at the

| ow resol utiq Ho er .t ) e disad -, tage of requiring nore than

" 8-bits per co%? cWﬁﬁ%’m“?ga'bdteﬁagg%é"@a"%‘%‘rnsst he | nterpol ated | mage or

i nt er medi at e val ue | e | M ' '

scale-up to print §‘r'%g_{lgio 'ﬁ‘?’l '8n..ﬂé'geﬁyﬁ%%@“ﬁ@hﬁﬁ%%%ﬁ%@?i&%eﬁg a
scal e-up uni tightihe condiions? fs-fraught with subiegtivity. holyin terms jof, phofogiaphen apd siibject maftel 5| e
per cycle. |HuweveRah all €asés) tielsabjgut imatier loEs phatdgraph is Kiimiwated coy flight witreh siom @rlighty
and col or CONYGES G us (B bih o ihBoor ighfiof BB A it @hch3Bh KecR UG ©saPI 1 NG

process, providlng maxinmm accuracy.
In most lighting conditions, what may appear to the photographer as ‘white” light, is usually

far from white. Indoor lighting for example, typically has a yellow cast, and this yellow cast will appear
on an uncorrected photograph. To most people, the yellow cast on the finat uncorrected photograph is
wrong. Although it may match the viewing conditions at the time the photograph was taken, it does not
match the perceived color of the object. It is therefore crucial to perform white balance on a photograph
before printing it out.

20

In the same way, an image can be perceived to bé of higher quality when the dynamic range
25 of the colors is expanded to match the full range In each color plane. This is particularly useful fo do
before an image is resampled to a higher resolution. If the dynamic range is higher, intermediate values
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10 the di sadvantage of requiring a scal e-up unit that is capable of

produci ng wolisess®i ¢ | nterpo | ated val ue per cycle as webdT.Qfoedfné Or mi ngj
shar peni ng. and col or conversion, all on an aver- age of a single cycle.

The sharpening kernel must be Targe enough to apply the CFA-res kernel to
the high-res image. Wrse still, for s peni eg t here nust be at |east 3
wi ndows k@ptbeo'mdd“mﬂﬁﬁdm&@'n% qveidipg a s\eppesion blagky imagefRange expamionds ent r y

l'ines) si na@.gmftagm ﬂgﬂgﬂfzsfﬂluahnﬁé'ﬁhﬁse Wsm?ﬂ@&ﬂﬁ&ebm&s&@td 16WeselOt S
represent ts fro | ffer n AT t injo
account th¥ q’ésc'f'appﬁn% 0, gngd e rﬁ%.%m '?ee'?ma%%hiot%%s&gf eve%c"?%t%ﬁie aal'ﬁ”?ﬁ%n
cont one. mmmqmmtemdie!analusrbmee@aﬁda -e ground with regards to
resanpling, and achieve the best fromboth nethods. The solution is to

interpol ate to aMathematicaly deperaicnperfarnedina transiationoht ongheasheld 73 tef} follawrd B si on

occur at tQ%aienmrfMQh&tW ution, followed by a scale-up to print
resol utPon. The internediate resol uti on nust be | ow enough to allow the

advant ages of small s en Thiesh61d5 R RanPLSale FARYET SI On tim ng.
But the internedi ate %ggl uw’%ﬁkn{'gﬁ h?gg enoggga{ that there Is no
|l oss of qualityys&dl i NgRURg gsaaymcwn =ﬁt ge. The

effect nust be the sanme as |f t here was (y'gwrgf’fﬂjﬂgllaﬂﬁ@f'wo@l on to the
print resolution (rather than two). Since the print inmage is printed as
1600 dpi dithered bi-level dots, it can be safely repr esent ed by a 320 dpi

contone | mge. CRRReauERd Id'bginﬁmﬁﬁ)@ndn?ﬁﬁjel!% L
pi xel s provi des no_perceive over e

| ater sgal MRgE PP W&"Z’&U"‘I‘E“Eﬁﬂﬁ‘ﬁ‘g {-gwi?'?fg@# y%“%ég& gﬁ'ﬂ?'%@wf}%%?

1: 5. To deulmhe (tvaThregeld ahd Rargre ScafeFactor) will besdiffesent for each celori pikoe, apdionly rest! &y
plane in rglahd, %%B&g{?g,q,f% 25 resolution. This is shown in Fi gure 22 for
a rotation of 0O SHEET (RULE 26) RO/ AU WD 01/ 20550 PCT/ AU00O/ 01076
-25- 32-5.1 Red Agn i cBh bEurdérakatdrhulanedlisly, Beshowslinfigud: bl ue 47 pl anes,

the full CFA resolution version of the color plane can be created by
scal i ng up the nsihis Step MPdNRL @ doefingmrocdss, we camctie laki with sam@inactionalZomgdnent in
| nt er medi % ma Eﬁ@&%lﬁe &%Ehe%ug ﬁ-{;a%% by;maﬂh.s&dﬁ&m&ﬁ%ﬁwemhw& ter.

(such as a Z0S Ofr onentl a I'ter one dinension int

kernel is P&§®i1P&Yresds (@bl of jnleogret pidfacton) )’?‘r'ﬁ%f'#i’ageﬁf e 308 Arosstin e - have
5 di f f dPenweahirmeaforditie reniansto slorettivecantine ineigs atrhore than &:bitsniiutive can meke ddod usene  CFA

sanpl e spaggye ,1;,%?,. Jegu,,jng?,h ;ﬂ% Wg ﬂﬂ%%é BosBue ﬂ’i@ﬁpuY\Habe i@ﬁ-b?dhtfdf the The

mappi ng of out coor ut “coordi nat es depends

on the culMagf asr‘Btb!%‘E%P'?SP'P ’?‘r@@@‘?‘@gﬁﬁé ﬁB ‘Sfig‘f’??ahon of pixels

changes with rot tign (eith 90 res n rint rmat)

For red and bl ue ‘ﬁé “P ﬁﬁf’f &Aﬁ%b%g §hT E&H’g §‘9“S?p E 'Eﬁ?l "fb cap

y' =(_+k2 MkowThreshold 72 to be mapped to 0. Likewise, the multlpllcation must have a celling of 265 for the
integer portion of the result so that input values higher than HighThreshold 73 will be mapped to 255.

20 325 Resample 64

The CFA only provides a single color component per pix_el {x.y) coordinate. To produce the
final printed image we need to have the other color component values at e_ach pixel. Uitimately we need
cyan, magenta, and yeliow oolor'componenis at each pixel, but to amrive at cyan, magenta, and yellow
we need red, green and blue. With our one-color-per-pixel, we may have the red component for a
particular position, but we need to estimate blue and green. Or we may have green, and need to

estimate red and blue.

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

pixel, the CFA resolution image is not the final output resolution. In addition, although the output format
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where X,y -= coordinate in nediumres space 15 x'y' = coordi nate in input

space nps = r@g stgues pi xel s per input space sanple k12 &0137@
depending on rotatiron This neans that given a starting p05| on In'1nput

space, we can generate a new line of nediumresolution pixels by add| ng a
, & and Ay of 1/nps and O respectively 1279 tines. The fractional part of
X and y in i ngids, thopysicat WidthldFthélprin®e irhage I8Tortaht(s incis lat 1600 &), THaone@hIWidth of

coefficients for. reconstructi on and resanpling. 25 SUBSTI TUTE

SHEET ( RULE ﬁ@%%@%%’%ww&mwm -26 Note that ki and k2

are 0 and -0.5 dep ge has been rotated by 0 or 90
el B ol BELs o st

degrees. Table 8 shows th and k2 in the red and bl ue pl anes,
assum ng that®the /Mmepelate &nCiRA IGQGU"Q%MGQ’ Inteypolation). arstthen easormTeliginening, caler ect

of Rotation on Kl aaslelsn(iblyRcelup 15 ma ikt résoReh i of Dodrgtbat i ON

From Ori gi nal For rra 2 2 St an 30
Passport 3 90 0 %Pe"tﬁ‘%"'bé iﬁg‘fﬂﬁ&?‘r‘f 3\9%’ 8’?‘§ Wﬁ"%&ﬁ%ﬁﬁ‘f"?"?z 0
00-0.5-0.5 The..rhuetnérequhnmmd'amm penmloscqunanatomeeqlorwgr thei infeepolitedon

the print format. ifm@@ﬂedia{ebﬁuﬁlvam%& Gurih@e find eseé:&bé sy

red and bl ue pIanar

500, the scale fact’ﬁP'g utlons W? unrotfate p ?gﬁng(xg%g gEPPM75O X

page 17) are shown xnwpﬁmhbsant&polmv@mhmdﬂth t he Passport i mage format,
the entire inpge 'gors,ga?mtﬁ{;%ﬁnmwwm perfolt s aﬂ%ﬁﬁm%en%ha@ed

and Bl ue Scal e Fac

For mat s Format WR LN % n@
St andard 30 500 128@@85@%)“3%6%“*%!@%&8%“ » grpvig 59:@9'5 Y Howeveelt hag
Panoram c 33 250 12&idadvbitagh dof Bn@itidH scdléruprimitahial is 84patb Of ptatiBAngll. bI-ubl. iBSHE As

can be seth in Tablg il o cwedﬁswa@euamtn Al S5 BFivershin  on & bvel-TRIE

formats. Consequent not gﬁxlal I a5| ng arti fact lLen 'rquuced
by the resanpling ﬁ%efe%§"9‘%°y2'°5 5 seapeping kggme es
kemel to the high-res image. Worse still, for sharpening, there must be at least 3 windows

kept onto the output image {each containing a number of 6400 entry fines) since on a single
print cycle, the cyan, magenta, and yellow dols represent dots from 6 different lines.

must be large enough fo apply

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

The solution is to interpolate to an intermediate resolution. Shatpening and color conversion
occur at the intermediate resolution, followed by a scale-up 1o print resolution. The intermediate
resolution must be low enough to allow the advantages of small sharpening kernel size and color
conversion timing. But the intermediate resolution must be high enough so that thers is no loss of
quality scaling up to the print resolution bi-level image. The effect must be the same as if there was a

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

Since the print image is printed as 1600 dpi dithered bi-levef dots, it can be safely
represented by a 320 dpi confone image. Consequently an intermediate resolution of 1280 contone
pixels provides no perceived loss of quality over 6400 bi-level dots, The later scaling from 1280 to 6400
is therefore an exact scaling rafio of 1:5.

To decide how best to resample, it is best to consider each color plane in relation to the CFA
25 resolution. This is shown in Figure 22 for a rotation of 0.
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The green plane 46 cannot be sinply scaled up in the sane way as red or .

bl ue, sincwoaaadsse 20 | i ne of the green pl ane represents pdrjAdveseiets pi xel s -
either the odd or even pixels on alternate lines. Although in ternms of the

nunber of pixels it is representative to say the green image is 750 x 1000,
the inmage could egig"lo% be said to be2t500 x 500. This confusion arises
because of33Ht Red ut ‘nature of the green pixels, where the distance
bet ween pi xels | s not ual . JIn,x a di .aps nd does not wel |
to i mage reconst@ﬂﬂ'lqaéﬁ'%é?‘l@@;“5%??ﬂ@'gnﬁhﬁgﬂ'ﬁhg&ﬁsﬂﬁ%wmrbﬁ%@ﬁ’% hods
used by adahbe cregted Bynssaling up te @enben bEsampled piseisin eachidinensibrsbyt 2 Ihe inlermediateo t hi s
- from e %8R cafl 4 ﬁJ}.@.%{ea b Rlehrfs b Abohsthuctio ﬁﬁ@gsuénras%rm&asa rdntlal fatky.n€ A"
i nterpol ation and heuristic reconstructign. 25 The %n 0 ? }FHt
coor di nat @nly one dimansjorig theemelss requited. sings i"ﬁ'gf'é%syf'g'gglg @8 §" e sane
for green dfferdnt ofiséts inasms etthairinitibiepresentatien withip e QFAcGemple sikace thetinilial positiorsnt
rotati oh of them&%qgmﬁe@nlBSTl TUTE SHEET (RULE 2G) RO AU WD 01/ 20550
PCT/ AUOO 0'18'7&- - since the registration of pixels changes with rotation
(either 0 or 90 gﬁa@n@m inais 4h 11260 $pace) 8 thput chRdindiddUePénds Bn MeaNe
eﬁgﬁ%ﬁg% p hol ds l t e " g b

the follow ng r ) Co=( J+ t 5 + ere x.y =
coor di nat ecuant feiation of the dmags, siare the W"B'E)B{éﬁfa%gnqeﬁ wﬁb‘fﬁ%’% ﬁ%"é On‘H)éD:

medi um r esdegres€lepeniiig oh piiti forrsatiaFar resizant bige tharg the following relgtionslip Ildsdependi ng on
rotation As with the red 45 and blue 47 planes. the nunber of nediumres
pi xel s per sanple, nps, depends on the print fprmat. G ven that the

pl anari zed RGB i nage has the foll ovm'flg=&l;£n + kf sol utions when unrotated:
R 7504« 500, B: 750 x 500, G 750 x 100®P#t he gcale factors for the
different output formats (see Figure 13) e shown in Table 10. Note that
wi th the Passport image format, the Jén‘fié thppe is resanpled into 114 of
the output space. 15 Table 10. Green Plane Scal £ Factors for |Inage Formats
Format Mapping nps |linps Standard 30 1000 1280 1.28 0.78125 Passport 31
1000 640 0.64 1.964> Panoram c 33 500 1280 2.56 0.390625

X,y = coordinate ih medium res space
15 X'y’ = coordinate in input space
mps = medium res pixels per input space sample

k4.2 = {0, -0.5} depending on rotation

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

20 reconstruction and resampling.

25
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Thumbnai | -32 1500 1280 0.85 1.17648 20 These scale factors allow the

mappi ng of cqgpdimRries between CFA resolution input space _and nedi um res
space. However, once we have a coordinate in CFA resol utloPrFTf‘?H?WPl §‘i)ace we
cannot perform | mage reconstruction and resanpling on the sanples in the
same way as red or blue due to the checkerboard nature of the green plane

46. Instead, for tiNetefthat @A, 200 dndgiS dhbwhmhémaﬁéswrbﬂea%
resanpl i ng, can er ree to. be an inage rotated by 45
degrees. e i‘g@%%ﬁ‘a’ﬁw@g’s‘%ﬂ‘f ? '“"1°dFﬂ a""é’;‘""s?'ﬁ?ﬁg apsyming tak e 23
a hi gh qual i trotationefpe degrees isuti-tiodkiviedd and resanpl i ng net hod becones 25 |

cl ear. SUBSTI TUTE SHEET ( RULE26) 1 kO AU WO 01120550 PCTI Ai 100/ 01076 -28

Looki ng at Fi gure 23, Tahle 8ckffectofRotabion omcidant k2 (refatiqn igantidloakivise) N t he X and
Y directions i now equal.f The actual di slance Detween [sanpl ed pr xegs Is ,

as illustrated|in Figure 24. The sol utior; or th%""green chan@® then] Is to
perform i ®age |eco ctig n Lh rp d |spgce. | Al hotigh t he
%ﬁ* ls—use aS f_nr aca | -egd—a h IID42 the

sane reconstrug Lo wsed asahpl ,

kernel shoul d g anderd 30 oni fThi s | <9hecanse|Phe 1 ‘le ondt® beteen {he
sanpling rate [Passpndtn and the 5 M ghest {PequenicPSin tjh@Ssigh@l |s
different to thrsnommii38onsHip for #he red @nd bl usosl angso.s| n paldi t7pn. the
kernel Mbuld benm%mbzzed SO that gt he 42 Jostanceg betvveemssa Jogs ' ,cones
| as far as kermet——coortrrates go(the umormatTzed—drstances betwee

resanpl i ng coor di NgkeitmBaldk medidnl fes wpeeskntpe m&e&@ems%ﬁm%ﬁa:ma%}eﬁﬁapg

1S 0" B PRFEHSTOH teaga s PR IRJoniH 28 g e lns ispobong peen et K 750

acconpl i shed 500, : 7ﬁ9l>t$°p-l'9¢wgiem for e different loytpit ffohBiats (sem Eiguret3 an page d)ade Ng
by 45 degr eeshdwa@SThbled. Rdté'fia with the Pla ﬁﬁ?éhﬂ;ﬁ?ﬂﬁ%ﬁﬂ@ﬂlabétstr&arﬁﬁéulﬂott)a%f
coor di nat es (Aol tch the normal i zed kerne whi ch can be accom plished by
multi plying eal or%? nate by 1/12. These two transformations corrbl ne to
create a multiplicati @gﬁe‘g we advance in

unr ot at ed CFA speee A%l&f%@&@élg}é%ﬁ Yl Hﬁﬂ&é om?%—x—a-nd_decrease by
k/2 in kernel ). Sivermarly, |as V\nanﬂmﬁnce | nmps by] k, wewmgscreasg by k/2 in
kernel x and indrsiaagdBy K/ 2] kb KEDEh280Y- | &6 11E r@ggagzsonsm s~ et ween

t hese different Ip i 1 1 c oSt ri ng what
occurs agswe gererate S —Heet-tH-ese-ti-en—-fpix CFA space

i nput i mage. gG _\tffﬁméf“]‘é?mn 1#“{/ nrtii #4806 iJi‘?:FA i P'ﬂ?ﬁmszﬁace y;,e_begig at
x=0, and advancd Th¢PRsei32ves bV50 11 ms128end!dfi ng |P-58% pi xel at |each new

| ocation. The novenent in unrotated CFA space by 1/nps can be deconposed
Into a novenent i nAscaahe seenrinVabing: the rad gnd biverimegss et sGhigd upfatal. imagedorpatecess
I S shown i nCérisgquity Here witi lo(tR 2RPaIdSingarfiachnrodubdd!t. the TBLRIRTHg lprocdls UNT Ot at ed
CFA space by 1llnps equates to equal 20 novenment in x and 'y by 1/(nps42).
This anount #&82 rween#® scal ed to match the nornalized kernel.

QD

The green plane 46 cannot be simply scaled up in the same way as red or blue, since each
line of the green plane ropresents different pixels - either the odd or even pixels on altemate lines.
Although in terms of the number of pixels it is representative to say the green image is 750 x 1000, the
image could equally be said to be 1500 x 500. This confusion arises because of the checkerboard
nature of the green pixels, where the distance between pixels is not equal in x and y dimsnsions, and
does not map well to image reconstruction or resampling. The number of interpolation methods used by
other systems for green plane reconstruction is testimony to this - from nearest neighbor replication to
linear interpolation to bi-linear interpolation and heuristic reconstruction.

20

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

same for green as it is for red and blue. The mapping depends on the cument rotation of the image,
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The scaling equates to another nultiplication by 1142. Consequently, a
movenment ofwdbidessel N unrotated 25 SUBSTI TUTE SHEET ( RULEcEARUeEIdY VO

01/ 20550 PCT/ AU(N)/ 01076 -29 CFA space equates to a novenent of 1/2nps in
kernel x and kernel y. Table 11 lists the relationship between the three
coordi nate systens for the different f.@roats:. Table 11. G een Pl ane Kernel
A Val ues f @ince MMWMPM changes withatatient(either ) e degress dependin/an Srind foemay).
Kernel A Eefthéd ?ﬁh@ﬁ@%ﬁg&aﬂm&huﬁd&pﬁ) nps npsJ22 2nps Standard 1.28
0.78125 0. 552 0. 39 Passport 64 1.5625 1.105 . 0.781 Panorama : 2.56
0.391 0.276 0.195 Thunbnail 0.85 1.17648,0.832 0.601 Table 11 shows that
novenment I n kernel space Is alx Ry a n nber less than 1, but in rotated
CFA space, only the Passport gi val ue of greater than 1. As a

result, aliasing will 10 occur for t he P ssport print format, but not for
any of the others. However, t_lLs)] t% Als alnost 1, and that each of
the 4 | ﬁages Is only 114 si ze not be noti ceabl e, especially

since we assume ideal |ow pass f| I ter| ng on the green during | mage
capture. 3.2.5.3 Reconstruction Filter for Red, Blue and Green The exact
reconstruction f "8 to be used will depend on a nunber of issues. There

is always a trade off betvvemg, the nunber of sanples used in constructing
the original si gﬁdl"w‘f’ﬂ%a“?'f' IPBREARPIEr 15 signal reconstruction, and

quality of the res d i A satisfactory trade-off in this case Is 5
pi xel sanpl es frm%@gﬁ'ﬂ?‘ﬁgﬁ%“%ﬁaﬁel ng reconstruct ed, centered around the

estimated positign X é; e Xt2. Due to the nature of
reconstqgucting V\ﬂpﬁ 'um'{(@ %’t@m on y require 4 coefficients for
the entry in the [ﬁ biRtation¢ create a kernel coeff.icient |ookup
table with n ent &ega‘h § F conponent. Each entry has 4

pace fl)e”tcﬁangfﬁiﬁﬂ‘%@%‘%@é’%ﬁ@%rne o iy 16 BB om0

bits of thderep 'tmw'}e?'mbﬁwe'h@a tithe piaqarizeg) EB S@Hf’%fﬁ'@wms a'i‘,aé"’ei?'%"%ed to
| ndex int ovthb:eudmata:elR za0e{ 50008: 750 8 500061 260 «{ 1000, hmfsalaraatoﬁdormadmm séutput he

kernel tabl tE [,,§t13)6a,; Cidwh ':rPﬂabQ' 0SNG Brat\WRtnd PassAt'imdge idnn&, the entire

coefficients. en rles Is quite sufficient for the resanpling In

Printcam 3“‘4936"3??%5%”‘%‘## °P'Pr‘§§%a°ﬁaptur ed by the CFA nust be sharpened

bef ore ¥ei ng print ed‘.ablad,%aél g“ an.tLE‘scaméEEE.%% él d bdniabesShoul d be applied in
the CFA resolu resol uti on we
do not have the fulkormet or infor mapping at |eachpi X! . 1mpst eid we only have
red, blue or [‘standard30 1000 = 1280 | 1.28 0.78125

Passport 31 1000 = 640 0.64 1.5625

Panoramic 33 500 = 1280 2.56 0.390625

Thumbnail 32 1500 = 1280 0.85 1.17648

20 These scale factors allow the mapping of coordinates between CFA resolution input space

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

instead, for the purposes of high quality imagé reconstruction and resampling, we can
consider the green channel to be an image rotated by 45 degrees. When we look at the pixels in this
light, as shown in Figure 23, a high quality image reconstruction and resampling method becomes
25 Clear.
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green at a given pixel position. Sharpening each col or plane independently
gives rise towa@ysisseshi fts. SUBSTI TUTE SHEET (RULE 26) RO gy Afdofdfer2 001
PCTI AU0O0JO 076 -30- Sharpening should instead be applied to the | um nance
channel of an Image, so that the hue and saturation of a given pixel wll
be unchanged. Sharpening then, involves_sgqe translation of an RGB | mage
into a col or spaceLodking @t Figure 23, theidislanedetweensbe sanariec pixtls brthe X end Cdimicivtlels of
the color information (such as HLS or Lab) 80. Ihe |uminance channel 81

can then be SpupRehBeaghaldaneaheiween sarpiad piralsis Wi axfilustratedinFigure 24,

hi gh-pass-filtered 5 version of the-lumnance). Finally, the entire I nmage
shoul d be conver t edh®phiton for ramegThanpel thep, iCkperforminageseconstructionandgesampingi nt

of the col o iomed aRSceAthbdoh B Isrshehin el uld 4 0 estfpuiy MM, W
version st eps, i S |

hi gh- passed W?&%Mbﬁdﬁ%{e% [sisPeraee e/ @"§hiﬂwgve§??3ﬁmpﬁ@’§eg’ﬁﬂ%)‘@"?ﬁet he
| umi nance Sof highestfreyasney inthe sighal isgifferbnt to thecrelptionshipcfordies red and bigé planes. i additionc e be
wel | - appr oxi @&mﬁ%d '&e&hrag, 398 mbs we

si nply gener g?’ééﬁﬁ% gh- pass iﬁ%{bga?ﬁiﬁ_#%g%g ap g%?#eg,ort i o%zggrt%&g&ﬁee'sul t
equal [y Lo Roondiaies; gy the ungprgaledistariots babeen rearmpina Foopfinatng musk €1 e fisadie i £
1976 L*a*b* ceteminesyhetber,aliasing Wil obcul lwwpver)CThetefort werequire woltransfoirsatiomsnvert from

RGB to L (the |um . V, bl mé@;ﬁ R.
G and B as e;fol | ows: lét;ﬁ‘/lvaﬁl éh%@c%éé&ql\/ﬂg(i R, G#‘B; 'Zﬁﬂ%g &2 ["Q%dpass
Filter L 84 A hi ghbysutiplying qaghordioateby 11| since wa at plating 4y $3,degreas 1°Eﬁ?§ﬁz§r’?8§=
information. Sinceimw®.are filtering in ned-res space rather than CFA

resol utiof sRace, the.Sid% ©lcakit gﬁgﬁaﬁ’%g&},ﬁgﬁé W&e@’ﬂerpﬁ ﬁh&ﬂ%e%om@ '

t he high pass result can be scale e exact ano

sharpeni ng wi | | depished kymutpking eactrordipale by:2x 3 convol ution kernel 85 will be
sufficient to produce good results. 20 If we were to increase the size of
the kernel, Table 1758 nsfermations copping i ceats aimylfiplisatiop fagtgr of ¥3- Congriqueptig ey 3
convol uti on we a@eAcesip acretatet CEAppace d by &, vieliRdlease by 2 in iemelsp aridecrasserby ki2his

green channelegsy. é_'irﬂf%rclj@ Eiﬁ%ﬂ@&g% %??{é lf:l th gk{éﬁsg'ﬁze&»gﬂ rembI% 2R3 if-é?éa’ée A i kdrhet f]

clear that a 7x7 sl ze lum resolution space w
be adequate for all sharpening. Table 12. Scale Factors for Convol ution

Filter Format Scal e 3x3 Kernel In Med-res (1280) Space St andar,@J 30 1.28
3.84 3x3 & 5x5 Pag%ﬁb qtionspipy) bgtwesn ¥igse, gfferentpooisipgle systems, ca b, ifusigaled) by g
7.68 7x7 Thueorsidenng wBat decutbHasdwebgenerata @, lin® of riledRim resolution pixels from a CFA space input

image. Given & starting y ordinate in CFA input space, we begin at x=0, and advance 1280 times by
1/mps, generating a new pixel at each new location. The movement in unrotated CFA space by 1/mps
¢an be decomposed into a movement in x and a movement in y in rotated CFA space. The process is
shown in Figure 25.

Since cos45 = sind5 = 142, movement in unrotated CFA space by 1/mps equates to equal
20 movement in x and y by 1/(mpsv¥2). This amount must now be scaled 10 match the normatized kemel.
The sealing equates to another multiplication by 142, Consequently, a movement of 1/mps in unrotated

25
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SUBSTI TUTE SHEET (RULE 26) RO AU WO 01/ 20550 PCT/ AUCO 01076 -31 If: a 3 x 3
fitter 85 waydradap!l i ed on the ned-res | mage, the result wewAuvdommgal ed 86
according to the scale factor. used In the general |mage scal e operation.
G ven the anounts in Table 12 (particularly the Standard print format), we
can use a 3 x 3 filter 85, and then scgde the results. The process of
produci ng aFs spagé equbles tocar reevemen ok t2mpsdn kamehx and-kefrieby: Table 11 listsithe raletianstip
kernel usegGah q?,gg%o SfsténsiGlinetiffefentibmalsd i ghpass filter kernels. A
basic 5 bu satu?s act o@@ﬁtﬁi ghpass filter I's shown In this |Inplenentation
of the PCP I n Fi gur erabi 11.5rdenPiahe Kehmbila ValldsTorithage FomBSB The next thing to

do is to add gome—progortTom of Jtie Tesutt@ant _nr g p I | um nance
val ues back td the l.urinance chgnrirotatéde |r&§%" fn tEen be conjerted back
to RGB (or instce;_ad td ¢S HweRASPaceA i el’f’ﬁ‘fu i fiemaldcah be -
reasonably apgr 'eds?éjﬁ, qual ngel i n=R and as |ong as the
col or space |4 |inear)j. nsequgnt | y?R4e can a@Sd<t he colBPSconler si ons

al toget her by [ESEHaEE dMmzeaual  prl@@ids on dfo.$s2e - hi gh pase filtefed

| um nance val He{-c 1 ge T B F@S TOEXAT o5PT OPOT U G807 L 1E

hi gh- pass-fil tler Cah—be —Rred—by-reans—of—e e—f=acjor. If Lis
t he hi gh- pass-|fRanpramied 498 nancd @ lal_,_.a.ﬁﬁ; ;%Eggt-a-n-t—s-:al e factor,
we can defi ne | THumbnail gr&850r mat i qrf-UP4&har g R GI%M B as foll ows:

R=RtkL G =G+ kL (I1mted to 255 each B' = B+kL 15 O course, the
scal e factor appiTatsel1t shows thetmayemens irokemetisnace is atways bycanumberipgsdhan; 1, bytin,

rc1)i1 ghpass E&Qﬁ@égpgpgﬁe? Srﬁ;{]ﬁé PAssPBiinagy has a.Avalip of eater tian oA®a Beult] ﬂiaéinmmg r.

ce t snar nin as n , e
Conver t10a CBkIp heHaspipr grn iRt i for bt o 5 ol i, g Bt fA0E oBR 10
| n t heor et japdithat each of the 4 dmagem iscanty; Y size. gliasing il tet be foticeable; gspecially sipce we (4

1-G Y= 1- Bsdumatdeaiiow pasSriteing \of thgigfsen adring image tdptike. t he CMY space has a |inear
response, which is 25 definitely not true of pignented Inks, and only
partial |y taass f RecoryreuctiosEilleriforiRed, Blueand@reati dual color profile of a
particul ar device (input and output) can vary considerably. Consequently,
to allow for SUBBEéexEUTEcomtEMIn FRUP be ooy rithdepend\en Bnymbesal issyas:ThemisavRyYD 76

- 32 a trade off between the number of samples used in constructing the original signal, the time taken for
signal reconstruction, and-quality of the resampled image. A satisfactory trade-off in this case is 5 pixel
samples from the dimension being reconstructed, centered around the estimated position Xle. X-2, X~
1, X, X+1, X+2. Due to the nature of reconstructing with 5 sample points, we only require 4 coefficients
for the entry in the convolution kernel.

15

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

20 current kemel space are used to index into the keme! coefficients table. if there are 64 enfries in the
kemel table, the first 6 fraction bits are used to look up the coefficients. 64 entries is quite sufficient for

the resampling in Printcam,

326 Sharpen 65

The image captured by the CFA must be sharpened before being printed. deally, the
sharpening filter should be applied in the CFA resolution domain. However, at the image capture
resolution we do not have the full color information at each pixel. Instead we only have red, biue or
green at a given pixel position. Sharpening each color plane independently gives rise to color shifts.

25
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accurate conversion, as well as to allow for future sensors, inks. and
printers, a finp&sgurate nodel is required for Pri ntcan} lﬂﬁ 00/01076
transfor mat i ons fequired are shown In Figure 28. Lab is. osen because it
is perceptually uniform (unlike X12). Wth regards to the mappi ng fromthe
| mage sensor ganmut to the printer garrut the printer ganmut is typically
cont ai ned Wh@hgrme *A%krwa st 6 B§YRES BAR minandBEhLHAR of BR e, dothal e RS Bnd
transformations ex vel excellent results can be obtained via a
tri-tinear cmﬂf’&? %@H eyncaanped- ot 3D | ookup tabl es. The | ookup

tabl es contain the_result tra for tio t he eC|f|c en
o evad by B, | Trstaering Pt nyple e, oo o o KR A1ABS 40 S ol n wiele B2
one tabl e 91hmppnceds siparated frivih uwvdmarﬂarbhﬁbml@ﬂmppnmmt&ombmﬂ Thé near

it er pol ati OfymfakbeRarka ] chPiné BeenbrBnel a2 by ciigh o phABoriS 19 HRNpbdoar

included in t rocess

i nt er pol agi oM theduminageg); ﬂ@"%%&F%%?‘*?WH%W“&%MB’?%?@B 8?;1“’8“ iy
perform ng 7sinckQvalard g td pibtuiCEY). Tieprdedssiisshtlrein Figure 28. di nension, 2 in the
second, and 1 in the third). H gh precision can be wused for the

i nt er medi at e val ueHowesériwaargdvoit mechond the goloncarivemeion stepsiifiwe cahsiderttiss efféd! of addiog of

the | ookup t@@l M&%@&i ﬂfﬁmewagér\ﬁeLﬁeaq@auwgaqﬁmm&.ﬁeammﬁm&wn
The recommend@d sl ze ror each table i \"Q ation 171,
with each enthapeein fiejusninanceha givenpixgl “ﬁge @”’B’E‘*ﬁ%’f Lé’a'(qe&x@ tﬁgﬁ
5KB). To i ndend B, Mhedeféri@e dimpipganerdiefrchigh-pass-fitertil at apphnaeprépotiion ofithegesult equiliyto
conmponent s ahe%%§: ated as 15 fixed-point nunbers (4:4). The 4 bits of

i nteger give t ndex, and the 4 bits of fraction are used for

i nt er pol @i 08263 Zco%vwgd;mﬁ_rml ate 67 The mediumresolution (1280 w de)
CMY i mage nust now be up-interpolated to the final print resolution (8400
wi de). The ratio i Weessidedthe GIETTEL 0T tviod spues; whara & is patcbftaalig bnifotm. [Ts convert
certainly po i h X
and v 20 o [Enae K Y HrkBEE el ERRRE b bR B 5,8, W R
The results s be dithered and printed bi- level. Gven that the contone

1600 dpi results wll be turned into dithered bi-level dots, the accuracy
of bi-linear interpol at'PﬁNﬁ@“ 32949 'F; 600 dpi will not be visible
(the nediumresol uti o ery reason). Pixel replication

wi Il thergfore produce good results. Pixel replication sinply involves
taking a SI |l e pixel, and using it as the value for a larger area. In

n
this case, V\gzws@pl'i"ﬂ'h agsgmgl{lnﬁﬁ e pixel to 25 pixels (a5 x 5 block). If
each pixel were cop

t ab
excel | ent results, ‘Fpﬁééflh{%é“p%’g gﬁe?)?eea‘iplgedg'g{} @(}““ﬂn"‘? I‘?%Bﬂ%y" %'"ﬁgﬁe g'e%egng arve
conver si on t ised-res(spe rafhyer they) CFATRsolutioneapecesthe sizecfithe shamgeing:kerrielrap besealed up
simul ation. §fwe rﬁdﬁ pemesan ¥k ¥éted bppr &bmlmee;éawbﬁn%fameaﬁg Winagfenddane sen

for the pur p??%%& % voltgglgkémemﬁv%ﬂ%gB clen to gro 1%%51%(!, E 26) RO AU WO

01/ 20550 PCT/ Al resu ut since the pixels
are to be ditheredy,d dge biddhble tﬁesslie*%ﬂhe ie%l, feabid 2 Shiws Halesrdthive scaling 86 required
for a 3 x 3 convolution in CFA space as applied to 1280 resolution space, using the green channel as
the basls for scaling the kernel. From this table it is clear thal a 7x7 sized kemel applied to the medium
resolution space will be adequate for all sharpening.
Table 12, Scale Factors for Convolution Filter

Format Scale 3x3 Kernel in Med-res (12B0) Space
Standard 30 1.28 384 3x3 or 5x5
Passport 31 0.64 192 none, or 3x3
2 Panoramic 33 256 7.68 Tx7
Thumbnail 32 0.85 2.55 none, or 3x3
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| evel dots take on the contone value. The process is shown in Figure 30..
3.2.9 Hal f woer®8seThe printhead 2 Is only capable of pri pcragestad®s | n a

bi -1 evel fashion. W nust therefore convert fromthe contone CW to a

di thered CMy | mage. More specifically, we produce a dispersed dot 5
ordered dither using a stochastic dithey-cell, converting a contone CW

| mage I nto a dit faded fiter85 were applicthon theyneg-res imags, the psult will bescalpd 86nsrardingdo val ue

i's tcormar e?xe%%léﬂ&o@éfdﬁ%a&@%{lwﬁgs?&obkﬁﬁoﬂ{Gmlrméﬁllldun@?h‘liabla12 : ta&?ylbi t
contone value, ls qr er an_t he di c ue ou it o is
Gener at ed e SR B Greb, i s £ 301 e B god Bl e e e oot i 1)
event ual | y ptoducingratsingle fittdnes Lpnixelis showe inchigreci2int rol a  singl e nozzl e to produce

asingle C M or Y dot. The bit represents whether or not a particul ar
nozzle wll firdhéastugl kemebused gandie any dngxf giset of standagd ighpassdiltes kernels. Aibesic | n

the di ther peehistaddryhibipdas filés 8 Shdw'in this inllemditeiioN of the PSP | use the actual
pri nt he&d Eﬁgroduces t%%gc. M and Y dots for different lines in the sane

print cycl ga2gBreadstiageeoREBf the different colored dots effectively
gi ves us staggering In the dither cell. The half-toning process can be seen
i n Figure 31. Thahenextthing ta dods ©iatith someoedportiorBofdiegresuliant bigh péss fikepsidimitance Of

t he out put | mifangd - ' ' iveitediabiSte )ze
shoul d be Ivggésﬁzlracﬁgﬁq%Z X 3§anﬁ@%ﬁﬁpfgdﬁ?‘%§gglol ow t he dgtbb%@%ﬁ:%%y ng

order to Hopevenaichenge indurdipapre.ean de reasqoably anproximated by gn eqyalchange in Ry Foul o
i deal | y di wndi® (agVopglas thentalor 3pare(is ilimze). Consequesntlyove3Cih aloidsthe polarohvesibgsrent

of the pri oad) ol =y Hiterdd infinanéd oduce
hi gh quggl i ?Myrs@gruﬁytag?ﬂagn {ijalﬁﬁéﬂ&oﬁoé@eeﬁipn)‘iﬁ;%to 8(')'1(')'ﬁ 16 ‘tﬁ%ﬁeww%g:%@%t ry

n | VI
of the dit Rrenortio of the highrnass-fitgred imagg canibe defingd bymenhs efa scale 3Ry i rmtely 1.5
KB). 3.2.10 Reforgat for Pripter 6 20. The final process before being sent
to the printer i dLigipebighpasy ?’*&"E"@"?@ﬁgjg?ngéﬁﬁﬁfdg"s?ﬁéw ec%cg‘f"é"c?twb&g@ for

bei ng sent thedrapsfermption of shemehing . ahgtBsasfalgws:be sent to the printhead In the
correct order - 24 dots at a tine as defined in Section 2.2.1. If the dots
can be produced Ik]=t "’é’% rect order for printing (i.e. the up-Interpolate
and dither functions g rate their data in the correct order), then those
dot val ues (each @ar G&+kE (| (mted 0 235¢3eMly v pe collected, and sent off In
groups of 24. Theppe@egs|lis shown in Figure 32. 25 The 24 bit groups can

then belSsent to the printhead 2 by the Mentjet Interface 15. SUBSTI TUTE

SHEET (RULE 26) RAL I, M0 0120550, FCT AL OA070 e il ot B0

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

Once the sharpening has been applied to the RGB pixel, the image can be converted to CMY
_ B3 in order to be printed out.

327 Convert to CMY 83

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

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

However this conversion assumes that the CMY sbace has a linear response, which is
definitely not true of pigmented inks, and only partially true for dye-based inks. The individual color
profile of a particular device (input and output) can vary considerably. Consequently, to allow for
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4.1 CPU CCGRE 10 The PCP 3 incorporates a sinple mcro-controller CPU core
10 to synchr oRbagedsie | mage capture and printing inmage Prg Wﬂﬂ@ chai ns
and to perform Printcam s general operating system duties the
user-interface. A wide variety of CPU cores are stitable: It can be any

processor core with sufficient processipg power to performthe required

| cul '
cal cul ati ons aedaﬁhé?&mekwn ds Wafr4s 16 Biow F fokure SeRQrI Ak &@éﬁ.&@f%@gﬁoﬁped

expectations. Sin of the inmage processi ng
har dwar e, th&® q@ﬂﬁﬂ'@é’%‘%t have to process pixels. As a result, the CPU
However it nust be fast enough to run the stepper

can be extrenely s
notor during a pri hggﬁ?f@"gqﬁgﬁp@ﬂ““ﬁﬁtab? shovgyip Figure, 28, isrcesen Ppcausg, it is
exanpl e of a persesitiaibinformdondiks XYZ). VAthirbgants t8HE appiny FonChe infagé Sedsor igbfidtitg\ e At

bout 1 IVHz. { t t
Dotween i f i Bter Bl indPodiRL i i thonflpin it sohide e, 01 Y
fabri cat e@ by dif  phamaaid ol mwm.imau;ug tegamh&&ée&gﬁb%%faofc .

port the CPU cores |s eV| ce | ndependence avol I'p ven

such as has &B@ d‘?"l'“éﬁf Qulopkyp tables,| The lagkup tablgs enntalp thereguitent CPU
Core is a Pr Ugisionndﬂw Mhambciﬁc antrglab Maex:grbameﬁcmée:hbl%fe&éhuweﬂm GiirdJod O

communi cat o5 iy AdiFio® BRI b inipitly R68o!M anP R i SAAndIR AP Rl REP RSkl O
16 Particul ar ad ress particul ar uni

range, to paft ei"l?{?f'ﬂ‘r"?E‘b‘isg‘ft@%e&ﬂ’l‘ﬂ'ﬁs“'tf"lﬁﬁ'f’“p?aWﬁWPW%HW“M@BPYR@M%S
t he serial asdhpaviaFipwe22.nterfaces. 4.2 PROGRAM ROM 13 A smal | Program
Flash ROM 13 |Is incorporated Into the PCP 3. The ROM si ze depends on the
CPU chosen but sh®ilingariejerpelatiomraceres Insading 8-va12¢¢Sromith8 ideiRPEEVE) laht\béribrning07

Li kewi se,a mmsammhmwraaﬁansm z.awewr.@ea@m%e'mpu Rre&ididn can bl NCE

th ere s no need for
a Fa?éggggpaf‘&ﬂ%g}hgqa}' ﬁsﬁ#ﬂ@f 'ﬁﬂguu@wgﬁggaigwsgﬁg choseln (e.g. stack

mechani sns, subrou vent.i [ edi i z but
shoul d not be nor ewe{%n a o&?’gﬁﬁ 'ﬁ“'ﬁ%ﬁﬁﬁ"ﬂ?&%dﬁ&‘eﬁ%bﬂé% %"@U‘e
Menory DecodeeconrGended sizeﬁirmhebﬂmdarph&awn is it iyt gideh ehty abiRCA EB5E5.  The

25 Decoder tﬁﬁ@gggugﬁbg@;@i;ﬂg{%?es into internal PCP register accesses
over the internal | ow Spee and therefore allows for nenory napped

|/ O of PCP regist e‘l‘&md&Uﬁiﬁ'ﬁ %

PCT/ AU00%91078, - 3 @Mﬁéﬁd S &Eﬁ%’#"ﬁﬁa&y&% B Wetptas

| NTERFACE. 17" ¢fPEn “g"'%e'% Jug ¢ ditsspintederigiye theJadex. apd tia A:bits offrgction arej useddfem o
chip | ow speist¢rblation1 8. The USB serial port is controlled by the CPU 10.
The serial port allows the transfer of images to and fromthe Printcam
and al | ows DR&F ( Bipgntexpblatee?ynt Or der Format) printing of transferred photos
under external

The medium resolution (1280 wide) CMY image must now be up-interpolated to the final print
resolution {6400 wide). The ratio is exactly 1:5 in both dimensions.

Although it is certainly possible to bi-linearly interpolate the 25 values (15inboth Xand Y
dimensions), the resuitant values will not be printed contone. The results will be dithered and printed bi-
level. Given that the contone 1600 dpi resuits will be turned into dithered bi-leve! dots, the accuracy of
bi-linear interpolation from 320 dpi to 1600 dpi will not be visible (the medium resolution was chosen for
this very reason). Pixel replication will therefore produce good results.

20

Pixel replication simply involves taking a single pixel, and using it as the value for a larger
area. In this case, we replicate a single pixel to 25 pixels (2 5 x 5 block). If each pixel were contone, the

25
1. Although a 17 x 17 x 17 table will give excellent results, it may be possible to get by with only a 9 x 9 x 9 conversion table

(729 bytes). The exact size can be determined by simulation. The 5K t -
oy ot size can be det y e SK conservative-but-definite-results approach was cho-
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5 control. 5.2 QA CH P SERI AL I NTERFACE 19 --: This is two standard :
| ow- speed mobsdossorts, connected to the internal chip | porapewsiosus 18.
The CPU- nedi ated protocol between the two |Is used to authenticate the print
roll [1,2) and for the follow ng functions: Acquire ink characteristics
10 Acquire the recomended drop vol uns3- Track the amount of paper printed
and r equestesvitmayappear blockyl butwinen thelpixels aresto be dithefed theeffectinibatthe 25cesultant bi- t he

request ed maasts{aﬂsmmmﬁemsmpmswmntwe@@ftS is to connect to
both the on-canmera QA Chip 4 and to the print roll's QA Chip 5 using

separate || .935 ;]QT,;,% QA chips are inplenented as Authentication Chips_
[2]. If on y a single line is used, a done print rol | manuf acturer could

usurp the aut henighe gink zﬁ?&.ﬁm &J&mnnaﬁ:oé b?a%kﬁfdlﬁshlgfpwe ﬁu%eﬁ?a
Each print roll_ consunabl e cont A&A‘ %& cont a| ns

|nforrrat|oFP""‘P"beﬂ!ﬂ‘f‘%€P“P5?%?°rﬁ ‘ﬁfﬂ'@?’%"@%"f’ ‘Eﬁ?ﬁ'gﬂ?‘ and
|'s i npl 8mesiderdd dithengsinga sﬁmhdsﬁu‘dm\ea;'ei umveﬂllp pEddlone TMY i4gs ido b dithefed Bbibwel ar e

al l ocated ggnd; ows: Table 13. Print roll's 256 bits (16 20 M n] Access
Description Basi ¢ Header, Flags etc. (16 bits) 1 RO Serial nunber

(10 0 0 S s ol i " i 9 %
i ts) 55 e ebheRichs e abpst ien s eslatin i ot b1 (s Gromialer RIS
-36 Tabl e 8Boutptiitof @ isigenesatetis ThisiGutgut Bit Willieventusitbesseficlo the inthesd angoﬂmmw -

| Nk proper sh@é ndz21é tdrédute Psivdlis 6.0, bRy BER. THa'bit reprassils RN Sr et partidulbriiozit t S)

13-15 RO Raq(}mr%rglgtmh Arfarfa pwgm I'n each chi p (48 bits) 5 a. Read Only

The same poslt'lon' in the dither cell 93 can be used for C, M, and Y. This is because the
actual printhead 2 produces the C, M, and Y dots for different fines in the same print cycle. The
staggering of the different colored dots effectively gives us staggering in the dither cell.

The half-toning process can be seen in Figure 31.

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

15

evenly into 800 (since there are B00 dots in each segment of the printhead).

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

3.2.10 Reformat for Printer 69
20

The final process before being sent to the printer is for the dots to be formatted into the
correct order for being sent to the printhead. The dots must be sent to the printhead in the correct order
~ 24 dots at a time as defined in Section 2.2.1.

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

25
The 24 bit groups can then be sent to the printhead 2 by the Memjet Interface 15.
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-its. Decrenment Only Before each print, the anount of paper remaining Is
checked by t ensure that there 1is enough for the Kk

speci fied prihﬁ,t }gkgstrsrgt. After each print has started, the E%ﬁ{r@%?)‘*’xpaper

remai ni ng nust be decrenented In the print roll's QA chip by the CPU 5.3

PARALLEL | NTERFACE 6 10 The parallel intejface 6 connects the PCP 3 to

i ndividual stgtic qmfebREIANGMENIRES: The CPU is able to control each of

t hese connections as nenory-nmapped /O via the | ow speed bus. (See Section
4.4 for nore dqtailSppBokEfdPr Y- mapped 1/0). Table 14 shows the connections
to the parall g1 interl?age. Tabl e 14. Connections to Parallel Interface

Connection Directi R fnguﬁiﬁm ; 0 ’ E“I i the i
Qui |l I oti ne notor oaﬂ'elﬁﬁscus o?%ﬁ%‘é' é%ﬁlﬁ%g S(_)I g%lg t ‘llﬁlggﬁe
trigger Cut | caplyyegnd<printing)imags pEasessing ichainssanthin pepformsPrintagey’s| gensral OpSTAIG Systeler s
ghtA 4 F’gpe (rj %iismm@( : Bithe d_?wﬁnt&%cﬁ!ﬂﬁmﬁémofbeumf hm%t?abt_a: ificad Bé\Gnyl prockEsbA\ EE
st andag nt Test tion u el g0 S i e
PCP 3 for tesf‘fr?lgk_h, B'&’gg?ss'ﬁﬂl@mf%t%%e%%%}egéﬁy 0 au?rhseang I'p, L*%'%\goé‘% ?aes{y
of testing teerughjomstcansumersypgictatiops. | ncl uding BIST (Built In Self Test)
and functional block isolation. An overhead of 10%in chip area is assuned

for 25 overall chi$inceclpf e image pigrassing is gesformed by dedicatqdhprdwarey the GBY degs a0t \\O
01/ 20550 PCT/ pile@/ ;m@ixels.%*a résuk, MR@GPURAMbel éktrdity dimpi) BlovRAM iflrust 15 fass erdughi O

store the capjured i e . H;@g | le-af A8 exarsid!
per cell) so [ Tat ?ﬂ‘g"%?'%é%"?sg%e"t ai ngﬁ%%%@'ﬁg*%gﬁﬁh'gg@%éen éﬁﬂ?b%fsf.
The total anosuieblegoreipaBhilps BR&Y micreseenirelier rprqine gl abpt AMRy | i near RGB i mage |'s
1, 500, 000 bytes (a_Prgqxi mately 1.5 MB arran%ed as follows: 5 R 750 X
500 =375, 080 bytes Thsre 'vsmnsesabmﬂe'?'s,"ﬁ%%f“mb ntinuity. befwagn different Srintepmmessls.
byt es The i nadifferest PGP chig desighsymdyide fabrkatpd byliiferant reanufatturers awitiout esqulririgyo libartsbiot he
I mage H st 0gr gdR debu core. This device independence avolds the chip vendor lock-in such as has occurred in

the PC market with Intel.
Associated with the CPLU Qore is a Program ROM 13 and a small Program Scratch RAM 14,

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

15
that particular unit. This includes the serial and parallel interfaces.
4.2 PROGRAM ROM 13
A small Program Flash ROM 13 is incorporated into the PCP 3. The ROM size depends on
the CPU chosen, but should not be more than 16-32KB.
43 PROGRAM RAM 14
20

Likewise, a small scratch RAM area 14 is incorporated into the PCP 3. Since the program
code does not have to manipulat_e images, there is no need for a large scratch area. The RAM size
depends on the CPU chosen {e.g. stack mechanisms, subroutine calling conventions, register sizes
etc.), but should not be more than about 4 KB.

4.4 CPU MemoRry DECODER 16

The CPU Memory Decoder 16 is a simple decoder for satisfying CPU data accesses. The
25  Decoder translates dala addresses into intemal PCP register accesses over the internal low speed bus,
and therefore allows for memory mapped 1/O of PCP registers.
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8 and the Print Generator Unit 99. The CPU 10 does not have direct randem
access to wlef0ss|mge nenory. It nust access the i mage pcrauvsoeom t he | mage

. Access Unit 10 7 I MAGE CAPTURE UNIT 12 The Inage Capture Unit contains all

the functionality required by the Image Capture Chain. as described in
Section 3.1. The Inmage Capture Unit agcggepts pixel data via the | nmage Sensor
Interface 5§98, ICOMMUNICATIONINTERFACES: via a | ookup table 96, and finally
wites the linearized RGB Image out to RAMIin planar format. The process

i s shown 181 Fi guSB SERIALPARTIINIERFACBANSOR | NTERFACE 98 15 The | mage Sensor
Interface (1SI) 98 is a state machine that sends control Information-to the
CMCS | mage Sensqmsidmémduugamnmcqwmnmdmmpmmmurromssi n

order tor | “;%e&a\g el |
fromthe .ﬁ?ﬁ%@“‘g'&%@% ul?\éa)lct u?‘gﬁb%ﬂkﬂogfﬁ% ﬁ&f troI gﬁﬂuﬁt he
| mage Capt Rrinisasising aliwstRPQFHPigitah Brirg Prdey Farmet) P'PPH@% Q'EW ough a
vari et yS of gohgtg€ sensors are avail able. we only consider the Sayer col or
filter 20 array (CFA). The Bayer CFA has a nunber of attributes which are -

defined hegg. Thea ChPSErRAEMNTERFAGENY the CMOS sensor (via a taking lens) is
assumed to have been sufficiently filtered so as to renove any aliasing

a][t ifacts. The sy f)ﬁuolsiaﬁ&\-d‘umemenammmmdmm hﬁﬂ\alcmlqw-}spagctmo&ut i on
of 1500 x 0 a e AR THHN r
color fil té?‘géﬁTW?W%keacﬁgéy§ﬁg%ﬂ%ﬁ%?ock a? Fde{%ield ??gﬁ 2G

nosai ¢ as ®lwiog fungtioR$:gur e 15: Each contone sanple of R G or B
(correspondl ng t&q{‘”mnk&&g&é’hsu&nd bl ue respectively) is 25 10-bits. Note
that eg i xel R‘Uf‘t he nosaic con tal ﬂﬁ. ‘informati on about only one of R G
Sti fat es "ﬁth%'efﬂ"'g%ef‘?f’é' Pnformati on nmust be made before the
| mage can ke pri Tm&dwaxnwﬂtdﬁﬁwm MEIPGQ'MEHQG’ wesnteereipingufficeptpager
PCT/ AUCOL0107G  g3fnt Ha ntGstmat dered to perform sonme anount of fixed
pattern noi se (FPN) suppression. Additional FPN suppression may required.

7.2 LooKup TABLEnRGedsdf fol A fwd sbRE § 19 Bonnéct © tobitheTarames dAehis ¢ amito'te ROB -

to a linear t ches os! m@ SiedH ioEEhidsn.
Section 3. RTB%QL‘&@%%"?'H%S%? Bﬂﬁ@ﬂté’g r&n&.@%ﬁ QAE)@?Q@H %sl ts of
addr ess colfb If palyrptsinsle| iBe is wprd) @ ‘1"1’1‘8 szb'P'! @aalf %F@ﬂéﬂ’éﬁ? “éf’ré"“ge@?@?"'é't ed by
t he |1 mage mg‘aa;..gmgi Unit's State Machine 97. 7.3 STATE MACHI NE 97 The | nage
CapturdsUnit's State Machine 97 generates control signals for the |mage
Sensor | ngg/f aosnt RoHBALRIPY at es addresses for linearizing the RGB 40 and
for planarizing the inage data 41. The control signals sent to the ISI 98

informthe | Sl t padhtpafttrolCédRéurtable Goftainesitssown XAOghipc (Thel QArchip cinlaigs infedmationt .
required for maintaining the best possible print quality, and Is implemented using an Authentication
Chip[2]. The 256 bits of data are allocated as follows:

Table 13. Print roll’s 256 bits (16

20 | M[n) Access Description
0 RO® Basic Header, Fiags etc. (16 bits)
1 RO Serial number {16 bits)
2 RO Batch number (16 bits)
3 pob Paper remaining in mm(16 bits)
4 RO _| Cyan ink properties (32 bits)
5 RO . .
6 RO Magenta ink properties (32 bits)
25 7 RO

SUBSTITUTE SHEET (RULE 26)RO/AU




The 2-bit -address sent to the Lookup Table 96 matches the current |ine
being read fr s | SI. For even lines (0, 2,4 etc.), t dress
I s Red, Green‘gg]&e Green etc. For odd lines (1, 3. 5 etct} A‘P’h}m ‘d
address is G een, Bl ue, Geen, Blue. This is true regardless of the
orientation of the camera. The 21-bit agglress sent to the Image RAM 11 is
the wite address for Table iSrRriperot'sR5&Nits (1& r egi sters hold the current
address for eachfol_ I red, gfeen, and DI ue planes. Tne addresses

i ncrenent as pi xplMithrle §f%88 eh to each pl aR®SSMPUOR 1 Regi sters jThe | mage
Capture Unit cont®i ns [gR@unber | Yéllow ipgpropariies (32 bils}bl e 15. Registefrs in | mage
Capture Unit Nape BltsR(Descrl otion 20 MaxPi xel s 12 Nunber of pi xels each

row MaxRows 12 \l}ﬂ_q#:,‘l ETOoWS ﬂUré‘Scb'ihsioH IOI(M) L,urremr' ucgl 12 Pi xel

currently being e Ourrc H—Ra Y . Ag—p+eelessed Next R
21 The address | ﬁ”#nge_%éhu.ammﬁhwﬁeﬁm 'P\ME@ Set.tOQ start
address of% red pl an®d®hwre i nage capture. After Image capture, this
register will poiy pbienletOnlpyte after the red plane. NextG 21 The address
in lmge RAMto store the next Green pixel. Set to start 25 address of
green plane bef or e Belomgechomint the @nourtiof gaper reraajuingisehieckedby the GRLEo prsgiedtiabiherai | |

point to the ntlﬁ%rgk%@cﬁﬂd nad $ertba IggeAU WO
01/ 20550 PCTI@%*‘MO?G - %ﬁ%‘%ig&% I mage C@%ﬁ%‘sﬁmt

Name Bits Deé“d?ﬁ'”ﬂlgl"ﬁﬁtwwwpgﬂtd?' éJA q”?ﬂ?d:g RAM to store the next

Bl ue pi xel . est to star e addre of blue plane before i mage capture. After
| mage captur th| NTERFAGRY | point to the byte after the blue pl ane.

EvenEven Addr ess _t 0_u even ro en ni x Eye Ss to
use for e@en r ows /TPl ﬁlﬁ“ifﬂé ﬁ%'lfg’ W@'@%"%%’%@Mr’%%ﬁ“o%ﬁ
even pixels a@amwozmmﬁwsoqnmmwmemmmam/yomaa\a@wpspmuss (8reBettiont i ng
a | here st aui4Jorindre detdid oH em &dioy 0 here stops the inage capture. A QO
is-witten here automatically by the state machine after MaxRows of

MaxPi xel s have ben Taidi46hewk thd donrtttidhd fo@ie patalld intefB@e Sensor | nterface 98
contains a nunber of registers. The exact registers will depend on the

| mge Sensor | chosen.Table 14, Connections to Parallel Interface

Connaction Direction Pins
15 Paper transport stepper motor Out 4
Guillotine motor Out 1
Focus Motor Cut 1
Capping solenoid Out 1
Flash trigger Out 1
Status LCD segment drivers Out 7
Status LCD common drivers Out 4
Paper pull sensor in 1
20 Buttons in 4
TOTAL 24

54 JTAG INTERFACE 7

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

25 overall chip lesting circuitry.
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10 8 | MAGE ACCESS UNIT 9 The Inmage Access Unit 9 produces the neans for.the
CPU 10 to woegasssi he 1 mage in I mageRAM 11. The CPU 10 qanAveasioys xel s from
the image in ImageRAM 11 and wite pixels back. Pixels could be read for

t he purpose of image storage (e.g. via the USB)17,. or for sinple inage
processing. Pixels could be witten t®7FrmageRAM 11 .after the inmage

pr ocessi n%, as WEM%Ty saved i mage (| oaded via-USB), or images for
test pattern purposes. Test patterns could be synthetic 15 imnmages

specific test | rihglmace RAMMJS yed 1o siere therseptured image 42.Jhe imags RAM s PylfiHevel; 1 i ng
val ues t o Ffan (hbite péricsi) sé haliRrimbgetioretalned e e pewaet hasibeeri shet sfest  node of t he
Print Generator Unit 99. The Inage Access Unit 9 |Is a straightforward
access nmechani srmé ttd smaefoiiverhdry reguichd for the plandrized inaarRSBIMagelis/1,500,000byres Oof 3
registers ,as. s i J e 16. | AU Registers Nane Bits

Descri ptié??pqxpﬁ'%ggﬁdﬂf@%@&%ﬂ%’s to read or wite In i nageRAM 20 Mbde
3 0 = Reack f r omR: #yeiOEBEGEWOPYIes Value. | = Wite Value to | nageAddress.
Val ue 8 Val ue strapl oo b7pmeopey ess (if Mde = Read) Value to store at

| mageAddress (if de = Wite)" The structure of the Inage Access Unit is
very sinpl®, as GR8RAM108=FO0PP S5 The State Machine 101 sinply perforns

the readlwite fromto | nageRAM 11 epever. the ) 0 |fes to. the
Mode regi ster. %BMQ?B’M@’F'(“F&{%F@@)%WB??% %%F%Wg\é@ff" 1076

- 40 9 | N\ésd thé FrinDGeifevatbiNInk 98. THecCRLhtdpesinetthave directisandom atedsh toghis imagesi gned
to generat | BRsdh iﬁ%ﬁ& 1 thdad Addess!tnitt he Print | nage Processing
Chai n descrﬁ?ngué}fih?ﬁ&%ectlo% 28% The 1HU only g:anerat es histograns for

pl anar q¢ or4rat i ' _ of 8 bits each. The I nage Hi stogram Unit
8 is typi cg?ly E@gggt‘#rﬁeh I mes per print. Three different histograns 5

are gat hered, O“ﬁemﬁ e‘%l:@.fe&h insgﬁﬁﬁﬁnkﬁaﬁalﬁjﬁhﬁh@wmﬂage@%@é%,
the.results are ana fz.e n order to determ ne the | aow and hi hI

{ hr eshol s deteibadinSechien 35t Ihedinage Gaglura Jk apcepts pil deih v \he Ypets Seospt ntetfscn
process. Fal lineadzes tha RGBrdata viars lookup kebley 96 vad finally wijtes:the diveatided RG8 imagsdut toee

Sect i On 3. RariniaAk foniBiCitie Brboess Wahowth is FrSTEGRAM RAM 102 The hi st ogr am
itself is storechn a 256-entry RAM 102, each entry being 20 bits. The 10 -

hi st ogr am £AM i A6t Send6R E@AcED®M W thin the I HU. Individual entries are
read fromand witten to as 20-bit quantities. 9.2 STATE MACH NE AND

REG STERS 103 The Image Sensor Interface (IS1) 98 is a state machine that sends control information to the
CMOS Image Sensor, including frame sync pulses and pixel clock pulses in order to read the image.
Most of the IS! is likely to be a sourced cell from the image sensor manufacturer. The IS is itself
controlled by the image Capture Unit State Machine 97.

7141 Image Sensor Format

. Although a variety of image sensors are available, we only consider the Bayer color filter
20 array (CFA). The Bayer CFA has a number of attributes which are defined here.

The image captured by the CMOS sensor (via a taking lens) is assumed to have been
sufficiently filtered so as to remove any aliasing artifacts. The sensor itself has an aspect ratio of 3:2,
with a resolution of 1500 x 1000 samples. The most likely pixe! arrangement is the Bayer color filter
array (CFA), with each 2 x 2 pixel block arranged in a 2G mosaic as shown in Figure 15:

Each contone sample ¢f R, G, or B {corresponding to red, green, and blue respectively} is
25  10-bits. Note that each pixel of the mosaic contains information about only one of R, G, or B. Estimates
of the missing color information must be made before the image can be printed out.
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The State Machi ne 103 follows the pseudocode described in Section 3.2.2.1.
It I's control{g 2(;}%j]the regi sters shown in Table 17. Tablﬁaj] sters
in I mage Hi stogra hit 15 Nane . Bits Description Total Pi'X éugﬁ?%

nunber of pixels to count (decrenents until 0) StartAddress 21 Were to

start counting from Pi xel sRemai ni ng 20 Hgyy many pixels remain to be counted
Pi xel Value 8 A wrimecm.stcbﬁswefeegsmmdmomﬁﬁhmm%wwnﬁsﬂrmwal ue

entry fromt %d%fﬂﬂ{ é@gﬁq 20 The nunber of Pixel Value pixels
en ra

counted in the curr is valid after a wite to Pixel

Val ue. 20 CI p%%ﬁi@%}”es V\/net her the hi stogram count will be
cl eared at the star? of | st ogr am process. causes the counts to

i stogr am adds (o (TG ep Rt Lk &@'F%Wrﬁ%ﬂé Slibqns eoa s P
hi st ogr am pr dénearize REB;pracess 4 descritied incSestion 1.2 A8 sichgheBOMia HKBIdesIS x 10040« 8-
witten he¥ e vl frpisBrabdradscymétroni HeSh Wil BBIBIoNRbREAIAS ard ghritatid P thd IMis

counted do t usage of the registers is to set up

Tot al Pi xel S%apﬁret%g pﬁe@ﬂﬁer of pixels to 25 Include In the count
(e.g. 375,00 . dress with the address of the red pl ane,

Cl ear Count %LS%STI %&%@E@%’ ?RULE 26) RO’ AU WO 01/ 20550 PCT/ AL00101076 -41
with 1, and wite 1to [ eqi cet |n|s t he
i ndi vi dual val ues | "?Cgmt g% gﬂ"hﬁ‘% d%?‘e'? §Hs§n affs’ r%?:"'

Pi xel Val ue ad@maian@mﬁét%%ﬁdrewp&nWﬁgmm&G@dg md formarhmmmmtam

| NTERFACE 105 The Printhead Interface (PH ) 105 |Is the neans by which the
PCP 3 | oags the MerfP@eontre)siopalsfeatdo the Jifl O infora the d3! o giast aatufing; pireleptop samturing
controls e phesel dot printing process. The PH |Is a |ogical wapper for

a nunber of unitsi namely: + a Menjet Interface (MJl)15, which transfers
data to the Menj et Tpe 2-bit dntdmes seatridlthe DodkopTablet9B enatches i carrénit linerbging eediffoncine

during a pring.ror 855,,1,&1;?0 QQTHH) %ﬁf&&}iﬂ%s&?ﬁa@ G?e% IRSd, Htecn TR %ﬁlﬂ&é(‘?% 9f

nost of the Print ain descri'b ect1on 0

provi di ng a rftfnte gbit gidmes i Green; Blue. Gregn; @Pﬁ@'sﬁfﬁ’elﬁgﬁ"e?%ﬂé%e %{'e'f,‘)?‘%&fr‘?‘%ed

|l i near RGB otraraera.ed froma CFA format captured inmage fromthe | mag- eRAM

11, and produces a 1600 dpi dithered CWY Image In real tine as required by
the 10 Menj et | nt eTha2ebitldddresssentidithel lgvage RAM 1PEUNé wiite zddFessiforae image Threele,

whi ch enafy esregtis'ﬂé‘r‘s hoit the 1@t 23RES | Y edeh BF haGhy, gilth Chhd ¥ hiss. e ddbireSids

during a pri
9 P rllncrement as pixels are written to each plane.

7.31 Registers

The Image Capture Unit contains a number of registers:

Table 15. Reglsters in Image Capture Unit

20 Name Bits Description
MaxPixels | 12 Number of pixels each row
MaxRows 12 Number of raws of pixels in image
CurrentPixel | 12 Pixel currently being fetched
CurrentRow | 12 Row currently being processed
NextR 21 The address in Image RAM to store the next Red pixel. Set to start
address of red plane before image capture, After image capture, this
register will point to the byle after the red plane.
NextG 21 The address in Image RAM to store the next Green pixet. Set to start
26 address of green plane before image capture. After image capture,
this register will point to the byte affer the green plane.
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The units within the PH are controlled by a nunber of registers that are
programed g eis@se CPU. The internal structure of the Pripppfaslosoftt €r f ace’
is shown in Figure 37. 10.1 MEMIET | NTERFACE 15 15 The Memet Interface
(MJ1) 15 connects the PCP to the external Menjet printhead, providing both
data and appropriate signals to control3sthe nozzle | oading and firing
sequences during a pfab Fﬁ"s Registerginimage Capturptlale 15 is sinply a State

('\)Aragglr nge:SLg§ (ﬁ Uy 38) which foll ows 6&% J nthead | oadi ng an f| ring

Preheat cyMe®Band EPhani|dped 3%‘“6[ 96 AM 1o Store thep PB‘H'?‘ Section
' P R el A s e

2.4.2. 20 The MII 1% | oad ol 2 data
sour ces: ;?J-l—-l-s——'l'— ' - : : bsequent
Print cycl ¢ Evepiyen s|2he Lamor:lnod YenRixels, A di ng the print head for

a Preheat ¢Ev@iCddni NG cy dlAddressrtp use ferievenTawsyioddpixelsit hel d in the Transfer
regi st er® off GaBeveR 9. |IAderessto isedorvdarods ) evenpisgls. of printing an]i mage,
whet her it [ a8ad APy g ed THaAreLS 19 isel f6rod RS J Sidipixeis '€ 24~ DI L var ue T omthe

PQU |'s dir ¢eity—senf—to—ify NG oD pul se |'s
sent to thg$BaU. Al ‘the o éigyg :E%%Egm;w )‘ Thife a pl 5e i S

al so sent o the PG!U. 25 lof pmér, a W after t he PGU DO has

al ready pr épated—the—F+rst it ST S SU tTe—24-bi t

data Input will e agdtiongthe Jraqeréenmfr's%ﬁﬁc?éﬁ%ﬂ"?a 't"ﬁ'B‘*fp?f.'Pﬂidehe exact
SUBSTI| TUTE régidtdes wiil Riglefid ahdhiftadd Sankard tiddes50 PCT/ A1J00101076 -42 The MII 15
Is 'Therefore directly connected to the Print Generator Unit 99 and the

externaio 8 i nt h¢MAGE ACOESSUNIT® Sstructure is shown in Figure 38. 10.1.1
Connections to Prilnthead The MJI 15 has the foll ow ng connections to the

printhead 2, wi t ThéhageAttess Wit iangetucestie mearisfort theiCPU 10616 @bdess the indge VD |

15 H’EI gagﬁﬁg@w&fgggpgonneg?{%%gﬁ Wér#sa '%bé&gfﬁl pélon rgengpog 4 -
0 Sel ect whi ch C*H»@E%&R&%Mﬁ&#,’s%u&&e%ma&ékﬁ&gl MQ;Z&LGHEQJs%ﬁr %rf&ssﬁ%{;gct

whi ch nozzle from ppodvm I re MAE Firing pu r
phasegr oup 'RagRPrasessiag, Fixels cepid-he yriten lﬂ‘a.?@ 1 gﬁé@'g ?g‘?

0 Cyan- out matedtimage\(laaded lviafUsB}, @gimabsrfordési sEtPMEPUTOSES. Test Mﬂaghabqu[c(bekynt&ﬁG
Magent a | ”IQHL%eE%pH&Q%I ihagesi(bdded eig'm'“‘ettﬁ Lﬁmﬁl&%‘?ﬂ&ﬁn&ﬂ&iﬂn& MW&WKMB 0

o the nrﬁ %%nerglor%ng QZ

vell OW pLioadeg m%%'le printhea waatthem mode of the
The image Access Unit 9 is a straightforward access mechanism to ImageRAM 11, and
operates quite simply in terms of 3 registers as shown in Table 16.

Table 16. IAU Registers

Name Bits Description
ImageAddress 21 Address to read or write in imageRAM
20 I'Mode 3 0 = Read from ImageAddress into Value.
1 = Write Value to ImageAddress.
Value 8 Value stored at ImageAddress (if Mode = Read)
' Value to store at ImageAddress (if Mode = Write)
The structure of the Image Access Unit is very simple, as shown in Figure 35.
The State Machine 101 simply performs the read/write fromfto ImageRAM 11 whenever the
25 CPU 10 writes to the Mode register.
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SRCl ock 1 O A pulse on SRC ock (ShiftRegisterd ock) |oads the current

val ues from htade0- 71, MDbatal n[0-7) and YDat al n[ 0-7] |m & shift
regi sters of the p%ont head PTransfer 1 0 Parallel transfer ljgata fromthe
shift registers to the pri nt head' s internal Nozzl eEnabl e bItS (one per

nozzle). 15 SenseSeg- 1 0 A pul se on SemnsSegEnabl e ANDed with data on
Enabl e CDat aBn[ n] GEHISTH UNH' 8 i nes for segnent n. Tsense 1 |
Tenperature sense Vsense 1 | Voltage sense Rsense | | Resistivity sense

Wsense | | Wdth s@relmagelifitagramunit{hiu] Bis deslonsd toigerprate histegrams otimages g tequired
durati 0[1 Off %ﬁﬁn%ﬁ%&ﬁ@ﬁMﬁ}m?Ewﬂe@Wﬂafaﬁ%wﬁwe
viscosity o on tenperature and In
characteri st |P@§3r?°3'ﬂ?§"? ESM ‘(ﬂ?gﬁg\ﬁég‘ available to the printhead. The
typi cal pul se dura nge is 3 t0 he ntalns a
pr ogrammabl e pul se Wm?i‘“%%%@&a@%@am&f ﬁgﬁaﬁﬁ
The t abl e %of apegathered, b per calor plase. Emme na-snmcsfgamemmresym grelyred WI y
?ngl ai ﬁs ' 25 4 i R Gov BAEHIGHCH o e facﬁiseeﬁé it e iﬁfmeTMaiEd&SﬂhDHﬂrﬂt I on
abl e has entries, and I s 1nde re
settings. Th@wﬁﬁﬁiﬁfﬂ%?'f?“@f’“m&’j'% P@#W@#l 3%?"@%8&”
4-bits of addrass cone from SUBSTI TUTE SHEET (RULE 26)FE1AU WO 01/ 20550
PCT/ A1100 01076 -43 Tsense. Each entry is 8 bits, and represents a fixed
poi nt val ue 9t t heHsToaRaMARAMI0RIt s. The process of generating the AEnable
and BEnable lines is shown in Figure 39. The 256-byte table is witten by
the CPU 10 before ffhe histogrgm titself ipistoted in BRSHe@ryRAM (102, sach entry Seing 40 dits. The | n

the tabl eyqCORBioRaM RAMN S SHY d2E:35edHBih WithiUthe R1U. MuiB B éririés 6rd Fe4@ 16th atdWiinér to@sn t he
QA Chi p) Wense _ Tsense Vsense 10.1.3 Dot Counts 10 The

S
MII 15 mai nt PR qugn@STJnt of the nunber of dots of each color fired fromthe
printhead 2 The f ris a 32-bit value, individually
cl eared undergzproc%%@gkf'%"&iﬁ?ﬁg@#} count can hold a maxi num
coverage dot count ,of (63 6ol NCH: Rhows s psdtubddQs'Silervla th ¥BUS 225 FAE conbrdliSa 40!

. by the registers shown in Table 17.

Table 17. Registers In Image Histogram Unit

15

Name . Bits Description

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

StartAddress 21 Where to start counfing from

PixelsRemaining | 20 How many pixels remain to be counted

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

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

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

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

Go 1 Writing a 1 here starts the histogram process. Writing a 0
here stops the histogram process. A 0 is written here auto-
matically by the state machine after TotalPixels has counted
down t0 0.

The typical usage of the registers is to set up TotalPixels with the total number of pixels to
25 include in the count (e.g. 375,000 for red), StartAddress with the address of the red plane, ClearCount
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count will be read and cleared after each print. Wile In the initial

Pri nt cam pwo®dwedsse t he consunabl e contai ns both paper ancgormueenioré s
conceivable that a different Printcam nodel has a repl aceabl e ink-only
consunmabl e. The initial Pri nt cam product can count dovvn t he amount of
millimnmeters remalnln er (storeddti-n the QA chip 15 - see Section
5.2) to k¥l nAed H@P '%qgﬂﬂ&g‘ﬁr‘ mw"a\mﬂaw '!‘6"19!"1"1‘&' valpes iadhs  ed

f or mat Thehistograsn mbedgéminakbyfmhndm%tcwagemfeedﬁd thescoppdpomdihgPietSount! N t he
alternative Printcam product, the dot counts can be used by the CPU 10 to

updat e t hejgQA CIPRINTHEAD INTERFACE 1052di ct when the ink cartridge runs -out
of ink. The processor knows the volune of ink in the cartridge for each of

tCh M agde f r onyHePRinR¥adCiRlefface TPHICI0E it mekifs BYUWHIEA itheOPCRI 3agiis tHe Mbrjet! SS
e need for SQ n r
A upceg e (PR 2 0 e Yol v e, B0 b b BB s, APl WA (L0
phot o wi | | wrappet foranumbesof uaitsinamely's t here i s enough ink left, and all ows the
user to Change*tmemadﬁmm&bm@m%mnama&mm Prithied,

the
reprinted. The layout,k of the dot counter for cyan Is shown In Figure 40.
The remai ni ng 2 "9&Re WggsRAusces URAGARBhLNt and YDot Count, for magenta and
yel | ow respecti Vﬂbrjn)Ga'femtd'dﬂt‘(PGUHQ isanimpleumofnb&oihemgcmwdminCPU 10

communi cates W tg j wpaéézﬂ Js%vﬂms&.ﬁﬁaséfaﬁaa&ﬁlﬁmmelihewhhe CPU
a prin

to paranet erlze s rec$re edback about FI‘I nt%ip ress.
25 SUBSTI TUTE SHgles aplanpriz forgt goptyred imrg mad, The

foll owi ng regi sterRAM 1, end:nmdmmdbmrdpt diberet) CMY imagsl ie reaDtime\asfeauired by thef ace

Regi stess Regi stygLn, g&hﬂsﬁwﬁcrnw&.ﬁoﬂ%%um&sm.ﬁr mod8\WhIth 8tkbies ihe cPe
nunber of transfers required tQ togzgﬂ g[l nt head (usual |y 81X). This Is

the nunber of puld@epegfy Pragiselwhichng éfﬁnﬁ MARASEY of 24-bit data 5 val ues
he durati on of Thedngftuin siPuas coripib dy p Blinger gy Bt ol PR s B g <

0 - 6s. NuwRY.nes The nunber of Load/Print cycles to perform Monitoring

the Print Status The Menjet Interface's Status Rooster LinesRemaining The
nunber of |ines Thernternal sitycturg offbe Binthepd terfesq i shown nfiowiSTe Co=t. Starting .

value is Num -ines. . 30 TransfersRemal n- The nunber of transfers remaining
bef or e\ﬁ]heqﬁh ntMRWET INIERFAGE1Rler ed i ng | oaded for the current line. Only

valid ile Go=1. SenseSegnent The 8-bit value to gl ace on the an data
lines during a sthe Inte érd.!l)1500nnec1$the PCP to the al Memjet printhead, providing

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

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

The MJ! 15 loads data into the printhead from a choice of 2 data sources:

U All 1s. This means that all nozzles will fire during a subsequent Print cycle, and is the stan-
dard mechanism for loading the printhead for a Preheat or Cleaning cycle.

) From the 24-bit input held in the Transfer register of the PGU 99, This is the standard means
of printing an image, whether it be a captured photo or test patiern. The 24-bit value from the
PGU is directly sent to the printhead and a 1-bit ‘Advance’ control pulse Is sent to the PGU.
At the end of each line, a 1-bit "AdvanceLine’ pulse is also sent to the PGU. '

20

25 The MJI 15 must be started after the PGU 99 has already prepared the first 24-bit transfer
value. This is so the 24-bit data input will be valid for the first transfer to the printhead.
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back. SenseSegSel ect pulse. Only | of the 8 bits should be set, corre-
sponding to he 8 segnents. SetAil Nozzles If non z 4- b|t
val ue wri tteg&ﬁgﬂ pri nthead during the LoadDots proceglg o@/ﬁog

that all nozzles will be fired during the subsequent Print Dots process.
This |I's used during the preheat and cl eagphng cycles. If 0, the 24-bit
value witten to t e pi 18 i thesiforodineclly iconmectedte tHerFrint GeBerater Unit90and e extemndhi s
is the case quihhed 2l 1if bASd Bl sishdwn19Figie 8d1€ Photo and any 35 test

| mages. Actions Reset Awite to this register resets the MIl, stops any

| oadi ng or prion,t{ ”%o{?ﬁe@?on%‘iﬁﬁﬁrﬁh ea@nd loads all registers with 0.
t

SenseSegSel ec IS register wwth any val ue clears the Feedback

pit of the Sta- tuspbqg gtrgsm%gw@gme&o&% pifnda02, W@W@m& ad e

if the | oad- Dot's an i Nt ts status i'ts are 't an t he
status bits aH“&P“ @WSP%@“P@UH%WWWE‘%?‘%B{?%W%?‘HP efd(ses Seclionone.
Once the varigus sense |ines have been tested, the values are placed |n
the Tsense, Vsensg, Rsense, and Wsense registers, and then the Feed- 20
back bit of the StatusTabigi8sPrinthead Comnectionse f eedback continues during any
subsequent prfint_Oper gt i ons. Zfi) wite of 3 to,thi snglt starts the
LoadDots / Priint'fases cly@#Pies al of  Nunlin2%8cy

cont ai ni ng NUriramapdder 4 24- b O t r jpPelect whishghromapod wilfire|®-Ble | s print ed,
Li nesRemai ni ie#elcr eneint s, ahd Triansfer- sRemnining is reloaded with
Nunilr ansf er s a@azleﬁeleﬂthTe'* statU® re ichmemlediomdhepod wil fig(®8)us i nf ofmati on.
Upon conpl et i|aEngle Nunfunes, {be | prishg pulsgforphasegomoA pr ocess st ops and the Go
bit Is clear EnkBi | NQ|  Ne 71 pal pp,i,ﬁgtpmssgpﬁhesegaqﬁm ng 1s Toaded i nfo t he

printhead.” A o Bf‘éﬁé‘gﬁ o0t "uogs not
dear any ot h¢g &';a ' gb ﬁq}aﬁ_ogﬂﬂfz . ‘# AL 7’}1, 20550
PCT/ AUCTY 010784020~ 101 O pf MegerA 4e
Descri ption Q@aeni B A wiPe t YQ“FWE‘W‘@CYP'W@P‘“ ‘&Fsﬁﬁ?@‘e@)ﬂf’@un ,

each

MDot Count, arjcSRERek unt , @gl sit &puiseloh SBEIpck (BhiftRegisterClogk) repklly are
set. Consequdntly a ite of veluge)from GRataIn{0-FMatalelR-7) and niZhd only
f eedback of Tsense fromthe ast dalq the 34 shifttegibters pf fheprintieads

PTransfer 1 o] Paralle! transfer of data from the shift registers to the print-

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

Enable Cbataln[n] selects the sense lines far segment n.

Tsense 1 I Temperature sense

Vsense 1 1 | Voltage sense

Rsense 1 | Resistivity sense

Wsense 1 ] Width sense

TOTAL 41

10.4.2 Firing Puise Duration

The duration of firing pulses on the AEnable and BEnable lines depend on the viscosity of
the ink {which Is dependent on temperature and ink characteristics) and the amount of power available
to the printhead. The typical pulse duration range is 1.3 to 1.8 ps. The MJI therefore contains a
programmable pulse duration table, indexed by feedback from the printhead. The table of pulse
durations aliows the use of a lower cost power supply, and aids in maintaining more accurate drop
ejection.

25 The Pulse Duration table has 256 entries, and is indexed by the current Vsense and Tsense
settings. The upper 4-bits of address come from Vsenss, and the lower 4-bits of address come from
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-6 to segnment SenseSegnent. I's only valid If the FeedbadkValld bit .of the
‘St at us regweleeresse set. Vsense. Read only feedback of Vsgagguhefsst he | ast
SenseSegSel ect pul se sent to segnent SenseSegnent. |Is only valid NO
Feedbac kValfd bit of the Status register Is set. Rsense Read only

f eedback of Rsense fromthe | ast Sens Set ect pul se sent to segnent

SenseSegmeFRense; Sachenty ¥ § pits, and represente @ f jet ¥aluedn Hp fange ofiOrviss. The gfogess of

regi st er | genemting thidABnalsle #eiBEnabid nes is siithadkFigike 38 ense from t he | ast
SenseSegSel ect pul se sent 10 to segnent SenseSegnent. Is only valid If the
FeedbackVal i d bi Thed#56bjte tabfet ia witten lygthe CBL 10befoee prinfigoth&phiotd. Eaeln 8-bio plise

32-bit COUgeg m@} #HnS'@biS coniies:t © the printhead. Mot Count Read only
32-bit count o e'ﬁnawg enta dots sent to the printhead. YDotCount Read only

32-bit couht of et seos sent to the printhead. The MII's Status
Regi steg I § a 1Gvibdokity'cErde SFlirk(from thé QRiChip) 1t erpretations as follows: Table
20. MJI®Status Register Nanme Bits Description 15 LoadingDots I If set, the
MIl |I's curfent l4~f8%i ng dots, with the number of dots remaining to be
transferred in TweseséersRenmmining. If dear, the MIl Is not currently
| oadi ng dots PrintingDots | If set, the MJl is currently printing dots. If
dear. the M is'$ior currently printing dots. PrintingA |l This bit is set
while there |s avgepsese on the AEnable Iine PrintingB | This bit is set
while there I's a pulse on the BEnable line FeedbackValld | This bit Is set
whil e the f&b3bddit Comiteies Tsense. Vsense, 20 Rsense, and Wsense are valid.
Reserved 3 PrintingChromapod 4 This holds the current chromapod bei 2%4“ red
a

whi | e wbie Pri nt i Fg-MJL15 mainteing a,epupt;of the guraber of dpis ofrach epigs fired ram the priptie ds
age 1C g r IfDe nﬂr;neruuadum %@aﬂﬂg&d} isafaui vaide,liRdividdsliy itiebred Lidef pro6dssdr Wontroll Eaelh doS€EL .
1. rehe a eani n r are
sinply ac c?ﬁ#@[?g ﬁgﬁaﬂ'f% g‘gl{lt%?‘l %%gggr%&'rt pﬁeﬁg‘g{ﬁé‘?gﬁﬁ&% Eﬂ%ﬁﬁ%%ﬁ?? =1
SUBSTI TUTEcagpisiitibe(readiapd clearedgfan saglrprioh 120550 PCT/ AUOO/ 01076 -46- Set the

Put seDur at i on re‘%i ster to either a low duration (in the case of the preheat
node) or to hile in the initial Printcam product, the consumable contains both paper and ink, it is

conceivable that a different Printcam model has a replaceable ink-only consumable. The initial
Printcam product can countdown the amount of millimeters remaining of paper (stored in the QA chip §
15 - see Section 5.2) to know whether there is snough paper available to print the desired format. There is
enough ink for full coverage of all supplied paper. In the alternative Printcam product, the dot counts
can be used by the CPU 10 to update the QA chip 5 in order to predict when the ink cartridge runs out
of ink. The processor knows the volume of ink in the cartridge for each of C, M, and Y from the QA chip
5. Counting the number of drops eliminates the need for ink sensors, and prevents the ink channels
from running dry. An updated drop count is written to the QA chip 5 after each print. A new photo will
not be printed unless there is enough ink left, and allows the user to change the ink without getting a
20  dud photo which must be reprinted. '

The layout of the dot counter for cyan is shown in Figure 40. The remaining 2 dot counters
{(MDotCount and YDotCount, for magenta and yellow respectively) are identical in structure.

10.14 Registers

The CPU 10 communicates with the MJi 15 via a register set. The registers allow the CPU to
parameterize a print as well as receive feedback about print progress. :
25
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an appropriate drop ej ection duration for cleaning node.
st N€ nozzl es should be fired Set the

t he nunber
wait for the

10. 2 PRINT GENERATOR UNIT 99 The Print Generator
i npl enent ation of nost of the Print Chaigy described
as providi ng a neafmse followiht Cedisterstge dontaihedintht SIS .

It to be

o b

cl eared when the print cycles have com p
Unit (PGQJ) 99 is an

Set Num_i nes to be

h
At 720, s

In Section 32, as well
From t he sinpl est point of

view, the PGQU provides the interface between the Inage RAM 11 and the
Menj et Interface 15; a'@bbﬁavwﬂﬂ#“ﬁwsmﬂﬁhe PGU takes a pl anari zed
| i near RGB obt froma CFA Tornmat capt nage fTrom the T'mnageRAM
and produces]a i?&ﬁ?‘! thered CMY erng %“iﬂffb 'bgl tinme as r(—"qu?r pd by
the Men et | 1?@?*?@!6@9@% addi tion. the PGU 99 has a Test Pattern nodg,
whi ch enabl e NumTrarSRes 10 { Thesumberbftrapsferciequiredtovdad thi printtnad @suaty8co)t Thisc §i
during a prifpt. The Mt 1pisthemombed efpulséronti@SRObchandihenumbetet2dchit datal s once
the 24-bit8%s have been usefivalieate tapsfonfpragivenlipgle  pul se at the end of fhe
| i ne. The PGUP@isstbation’ i mhBiredpoloinamber nglethuinethe dufdtien dof a single puldaen thesbl- Pat t er n
mode, sinplyjreads data {lorEnableliipest Pusation range=RMOMs11, and formats it |n a
buf fer ready|NomLisegt put t PTReMRmBAL bf LoddiPrins€y16610 peranit ai Ns the naj ority of
Print Chain Ww@%me, SECTTON 3.2 The Print Charm Siown T Frp. 18
15 cont ai ns g S tonS ThB 'ﬁW“; a - e e Whi t e
Bal ance 62 QEEQ‘E—E;‘@% e to CMY
66  Up-i nt ef bBfsReraidng Hh Fheiber ghines s 99
contains all{of these funtPedpgvalueisiNumbiBesexception of Gather Statist]cs 60.
To perfo oM TransfgsRegeinSt pThegumbes oBltangkrs temeini@Phefar@the Biirtiwad & onsiderge:
Hi st ogram Un| g8 t hr ee t i hieaded fonthe cysent ling: Only valid whiler®oF1-  and appl i es sone
si mpl e al gor | BénseSegend r e[yHherBichit valaeto pltae oh the Cyancdata liaesalutirga sdseguient feel- 25 t he
PGU 99 for reasons of acclbask enamg ise. Qniv irafithe 8 bitesboukkhe setacarre- woul d be
t 0o. much nmenpry  SUBSTI TUT$PO forone Y g8 SEgPRRly- AU WO 01/ 20550
| PCT/ AUD01010$8AlNoZAes 1 el napeterpdhdizihit valeewrittan forthe printhend daring khedibadBots uf acy,
and speed, , because a si npbrecegyieshls, mee@epﬂlbaprmqrmmybsttube
hi gh- speed denands of t he| RibfRolPragessnihisdsigedduringhe prehgatagd clganing cyplesi nphut a
vari ety of paraneters, incKedie?4-biRaRiemsitenythe printhepdeames from the Print Gener-
ator Unit. This is the case during the actual printing of the photo and any
{est images.
15
Actions
Reset Awrite to this register resets the MJl, stops any loading or printing pro-
cesses, and loads all registers with 0.
SenseSegSelect A write to this register with any value clears the Feedback bit of the Sta-
tus register, and sends a pulse on the SenseSegSelect line if the Load-
ingDats and PrintingDots status bits are afl 0. If any of the status bits are
set, the Feedback bit is cleared and nothing more is done.
Once the various sense lines have been tested, the values are placed in
the Tsense, Vsense, Rsense, and Wsense registers, and then the Feed-
20 back bit of the Status register is set. The feedback continues during any
subsequent print operations.
Go A write of 1 to this bit starts the LoadDots / PrintDots cycles. A total of
NumLines fines are printed, each containing NumTransfers 24-bit trans-
fers. As each line is prinfed, LinesRemaining decrements, and Transfer-
sRemaining is reloaded with NumTransfers again. The status register
contains print status information. Upon completion of NumLines, the load-
Ing/printing process stops and the Go bit is cleared. Duﬁng the final print
cycle, nothing is loaded into the printhead.
Awrite of 0 ta this bit stops the print process, but doas not clear any other
25 registers.
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t abl es,

factors f oyolegadsd! i ng,
5 The two process chains can be seen in Figure 20. The nost

rotation.

direct chain goes fromthe

paral lel.

constants for performng white bal ance and range expansion,
i mage access paraneters t hacrmveentefor

and

al |
nmage Rot ati on,’

scale

|l mage RAM 11 to Buffer 5 via the Test Pattern
Access processl 10. The other chain comi-sts of 5 processes,

The fi r st Tables\8cMemjet IntefaceRagipters

running In
VM|te Bal ance and

Range Exp
process 6
conversi o
hal f oni ng,
vi a buff e

n he.se
§.C'3Ff9é’“!‘$ nal b

and refornat
g anl v a f dy

rcond process 112 p-

e ok T E

\l ratad C\‘t‘ MAS-QP-S-OHR nrnr\ooooo

f oo o

for others

Feadbagly | ook
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at these moceqqpq anri huifprq ln a prinarjl

The fﬁlrd

or .

ected
| obyt es

y

reverse of
process
t hen nore

1i

deensesi nce t I
I mngs for pg
apparent. _In

é!eaﬂmlyf Tpensemommieﬁ SepSeleqt pulsasant; |
mwmw& Seamesto & ogly yalld ff hefeedbackYalid bt o they g
E:ﬁ the huffer sizes are shown

e
bnt s are
In Tabl e

21. Table
Conpositi g
10-bits es
each 45 by
bytes Buf
bytes 3 @
col or s( RGE
cont ongg pi
froma nu

AsensBuf f er si
n of Buffer B
ch = 45 byt eg

Reed OnbffeﬂbMtOf aenee fromhe lat SenseSpgieleqh pyisesent
e segment SepraSeaments|sroniy valid i ihe Fepdbackyplid sit at1he |
%@WWfpr 6 lines of 6 entries ﬂ1

tRsenseG een BU
fer 2 24 6 x
ol ors x_4 ent|Steks

fRead onlylfeedbpgkofRepn

4o MW%EGW'

QQQ

Lo e %a(:

)Wgenge 8- bits
xels @8-bitg
her of regist

each =12 h\lf L
cReeth only fegdback of Wae

s

nnu f ; nanf

t abl es or
Menory reg
Requi r enmen

QRO conpd

Y

T e

MDat@aent s Wi t

IRead BI@ B2 Yitsount ofamagents dats sepfip the pithead) Conpod

ition of

{YDotGdahtat el

Convert -

@ onfpd Fticeurit offyalivgraioB saiit tihgprintheddesanpl e /

to L 1,15

26) RO AU WD 01/

3 Ker

e "‘t%%‘f‘?

o4x4ax

sCoedy

Wi thin PGQU Processegg,pie 20. MJI Status Register

T O R T S

Name Bits Description
15 LoadingDots 1 If set, the MJI is currently loading dots, with the number of dots
remaining to be transferred in TransfersRemaining.
If clear, the MJI is not currently loading dots
PrintingDots 1 If set, the Ml is currently printing dots
) If clear, the MJI is not currently printing dots.
PrintingA This bit is set while there is a pulse on the AEnable fine
PrintingB This bit is set while there is a pulse on the BEnable line
FeedbackValid This bit is set while the feedback values Tsense, Vsense,
20 Rsense, and Wsense are valid.
Reserved 3 - : .
PrintingChromapod | 4 This holds the current chromapod being fired while the Printing-
Dots status bit is set.
PrintingNozzles 4 This holds the current nozzle being fired while the PrintingDots
status bit is set.
10.1.5 Preheat and Cieaning Cycles
o5 The Cleaning and Preheat cycles are simply accomplished by setting appropriate registers:

SetAllNozzl

es =1
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Size. Unit. (bytes) Conposition of Requirenents Convert to CMy 14,739 3

Conversion t ach 17x17x17x8bits Upinterpoiate / ef or mat
2,500 Dither%ﬁ%fls@040x8 bits Test Pattern Access O TOTiC:';fgﬁ@%{f’“Rlo 2.1
-. Test Pattern Access The -Test Pattern Access process 110 |Is the neans by

which test patterns are produced. Under,normal user circunstances, this
$ r o;:esF; st¥w N 'ROt erﬂfﬁfgﬂﬂselbﬁraﬁoﬁreBiﬁtbmHWa Maurdmgnﬁs&dssofmﬁ]mgﬁgmfeﬁhf

es attern Access r passes e it val ues
directly to Buffer a%‘PfTs ? ‘iﬁ?‘gﬁ‘tﬁ%ﬁ%fﬁg\ﬂeﬁéﬁﬁ&gl nterface. It does not
nodi fy the 8-sbit vaktiNumLines tabethesumberidf §mesithe nbadies shouidbedredrage RAM 11 woul d
be produced b the from
| mmge RAM 11 'lys rea§F)+J° égmy%%nmﬁlfdé%%p@ﬁgﬁﬁ #w\?lm e-g%ﬁga%%ga?it&g?s
are used to descri betedhe test data: the start address of the first byte,
and the nunber of bytes. Wien the end of the data is reached, the data is
read agai 15 f 118 t hBRINEGEMRATARUNF® stricture of the Test Pattern Access
Unit 110 is shown,In Figure 43. As can be seen In Figure 43, the Test
Pattern Access Uni {TheRriot Generator UnlldPR)a8 isanimplementalinn obsaast of the Fiipt Ghpin deseribed
When start ed,p §eabn\izt &5 v €6 provisingainicahs of Produicing st paltdmes. gener at or reads 3
bytes, produces a TransferWiteEnable pulse, reads the next 3 bytes. and
then waits for an AdranRcammest suint ofAisw, thé PG pravides thefintéracs between the image RAM 11

TransferWiit eﬁ&e Hengfﬁ}heﬁa%e i 20inbHRm Figlfe 475k Péul&‘ié \GHafizel ﬁ@%k@éﬁbﬁrﬁ&

wait occurs I'S contl nues unt the Ad vanoeLl rgﬁgs ae &Qgreu
the process @@@laﬁA&yaﬁ'ﬁaWW@m@W?‘Wﬁtﬁ?P produces 4,160 dnl dithgred SX jimage 3
bytes, the Acibdfeelamcsemwmy telidenyét iniériace. draaliaition) the PGR)- 99i Has adlestcRattérn owde,

| mageRAM 1 ‘Eﬁm’ ge]y]wﬁh T | |
vvrltgten to Bu E’é %’eg%h it @ﬁessﬁﬁg e Jaa'négxat;éﬁ'e@s\l}rﬁré a%ttjgeéﬁ” T
5's 8-bit addrdes the PG g9 with.an Advange puise,prce thé 't?hBYFf‘?eE? "%edsa"g aBlAf"'aﬁ‘E&\“%ss
2.. The Addr qsise fhatieendibfae lindO t hen waits for an Advance pul se before doing
the sane thing again. The addresses generated for the Image RAM 11 are
based on a start adte BGY 9%iws 2dmdpgpecessiog chainaJhefirsvihe Test Ratiginanogls, simplyiseads 23

Test Pattern biftplt toltRe MJ d
Toot l\/bdeEnabIdg% ?c‘fl E&?;lg%?@ﬁﬁbg 1Re£!1§atnﬁ£tsm%u@$€ddym lﬁﬂﬁll Re MJI. The secon

SUBSTI TUTE S S(%EENE‘B)"hEﬁ"AB“ ’?o‘g%%éﬁgé‘tﬂéeéﬁlwé%%ﬁ‘ sr']‘g‘tﬁl‘ i lég

Test Patt g n cintaiesie flationst er s Regi ster Name Description DataStart Start
Address of test dal@uyeldlaskiBss RAM

» Rotate Image 61
. White Balance 62
. Range Expansion 63
. Resample 64
» Sharpen 65
20 o Convert to CMY 66
. Up-Interpolate 67
. Halftone 68
. Reformat for Printer 69

The PGU 99 contains all of these functions with the exception of Gather Statistics 80. To
petform the Gather Siatistics 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

s the PGU 99 for reasons of accuracy and speed: accuracy, because there would be too much memory

SUBSTITUTE SHEET (RULE 26)RO/AU



Dat aLengt h Nunber of 3 bytes in test data The foll ow ng pseudocode .
I I | ust r at ewotolveesdeldr ess generati on. The AdvanceUne and Addstesowend! ses are
~not shown. 5 DO Forever Adr - Datastart Remmining = Datalength Read Adr
into Buffer 5 (0), Adr=Adr+1 Read Adr into Buffer 5 (1), Adr=Adr+i Read
Adr into Buffer 5 (2), Adr=Adr+i Rena4mi ng = Remaining-1 10 if (Remai ning
- 0) Renmatentired to-holbhegnting dmage athighmascuracy, and spred, hecavse s simple CPY 16 tannpidkePU 10
to ensure i tietsal-tiné Righ-SpeB®ddmanasf dfthe Meimjek Pifnthiead 2t head 2. Byte 0 is the
nozzle-fire data for the 8 segnents of cyan (bit O = segnment O etc.), Byte
| I's the sane fOThe PG EPtakes a5 pul\e varidly bDparaindtérs)inciuding GBI TMYC Edhvérdion2 4

bits are f odd/ ev | 15 ' ot Line. . 102.2
- Buffer 5 1%&’“8%&\5%?&%' E%ﬁh'?ﬂ @@B? é@%%@%ﬁ%ﬁ%‘?@%‘éﬁ%’ﬁ? en r'l'pr"'é"' PM nt '
Gener at i onimageeceess parpmetersthatallow fonetaiens of a 24-bit shift register to hold
dots generated one at a tine fromthe UHRU 113 a_é'UpI nt er pol at e- Hal ft one and
Ref orma® Unit), Thegwp processghainsean besesin Figup:20; The mg direch chain gqes fipmite TPAU

(Test Patt fifage RAMEIRB/BURer 5 Vit le Test Paltini Abdegs process116.CThe thel Eaintudisisty off§0T

data transfer to the ) £t ' : t he
Ml | oads Pﬂ?%ﬁ@ﬂ"“‘ﬁﬁ?ﬂﬁ&ﬁfﬂgﬁqﬁ a-i?"’_ﬁ?“& %s,&gﬂhﬁeriﬁééﬁ]} he 3
8- bi t regi Bange Expansio dhe ispepnd progesp 112 gerfofes Resgmpling, Thedhird: prpcess 8%, perforesy o
acts as a Mhi&.%fﬁ%!p%b%ﬁ&oﬁ?ﬁogﬂéﬂﬁ proiceSo 1 13, peridiils ha upa )
structure as s Flqu . : Sdcted 0 t he
cal cul at ed'"EWE?%ﬁﬂ'ﬂq'g?%%Pé"égréﬁéﬁg %’8@13?'@&1%0%%% | rrgéym RZéﬂfBuf fer
4 i s gener afabylsybatwaen someprocesses.cnd p fay 2OEOYS. and accessed by the

Up- I nt gppol ate. Hal ft one and: Ref or nat process, 113 In order to generate

out put dots for YRieokatthasg procesersend hyffps insp prirmariyspyerse salercpinca the fiming for shes 5 0
PCT/ AUOQ Ofihtead &ivesithe ertirezprocess. Timing&on paptivelaBrrbdesses iasd bidiprosize eeylirements lare

physi cal dingh REiG Sodafehidiminly nOWEE, (88 burféfsided refdhblf i Safb 21/ dot s Tor one

color are I ng gener at I one physical line, dots for a different
col or on a diff erentrable2 Butfer stk R PEstGunatatd Unithe net effect Is that 6
di fferent phystcarTOmes—gre primted —at the one tine (Tomthe primter}- odd
and even dpt %u&errorr ﬂ?yﬂsf ent out put I|neé°mmﬂhw°;£ﬁegnt | i nes per

Buffer 1 188 | Red Buffer = 6 lines of 6 entries @ 10-bils each = 45 bytes

15 Blue Buffer = 6 lines of 6 entries @ 10-bits each = 45 bytes
Green Buffer = 13 lines of 6 entries @ 10-bits each = 97.5 bytes
Buffer 2 24 | 8 x4 RAM

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

Buffer 3 3 | 3 colors(RGB) @ 8-bits each
Buffer 4 23,040 | 3 colors(CMY) x 6 lines x 1280 contone pixels @ 8-bits each
Buffer 5 9 | 3 x24 bits

20 TOTAL 23,264

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

Table 22. Memory requirements within PGU Processes

Unit ) (bsy‘tz:s) Composition of Requirements
Rotate/ White Balance / Range 0
25 Expand
Resampie / Convertto L 1,152 | 3 kernels, each 64x4x12-bits
Sharpen 0
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color. Thi's concept Is explained and the distances are defined In Section
2.1.1. 5 The woawbdssa! upshot is that there Is a given di S’;ﬁ%ﬁ’% Ji gh-res
dots fromthe even cyan dots through.jhe magenta dots to t yel | ow
dots. In order to mnimze generation of ROB and hence CMY. the nediumres
contone pixels that generate those high-ggs dots are buffered in Buffer 4.
Since the ratio of nedT&MﬂﬂZeﬂemdmaaummmﬂHrEBGUMds 1:5, each nedi um
res line Is ianpl ed 5 tinmes In eagn_dr ngnsi on. For tne purposes—of —buff er
lines, we ar¢ only conqﬁ‘F‘ned with I 'ﬁrsion, SO anl Iﬁl der 5 dot

| i nes com ng H=Fom $t9 Fee—HHHe—ihe—di-stg

di fferent (:nlc v@“ﬁsc& 8 dn'rs (densd nLﬁ'?Iqa @WW’%PMZ@?@YM
t her ef or e as$ Yplategolatgi Halfong/ Refarmgt 10 2:560 4 Dither Gell, Bx50x8ile of 16 dots. or]| 17
dots I n incl §iTestPattbircAcegsse. The worst case scenario I's that the 17/ dot
| i nes includegbtrhe Tast dot Trne Oln3a1 0 ' ]
pi xel linds, with dot lines gener 1,.5 5, 5 1 and al l ows an

i ncrease of 1824 eTestPattemnAcsass 0 10. To ensure that the contone generation
process witing to the buffer does not interfere wwth the dot generation
process readi ng fr dhe TeskPafiems Access peocess 1 1Q1is thacmeans by whichiestpatteinisraze p'educecbl or,
for a total UnderforralBer ccinsftes this phivedsil HoPbY BE: it R\ phimSHly tordisghtticu

colors of 6 lines, each line containing 1280 8-bit contone val ues. T e
total menory reqw nﬁdTesSPa'ﬁeMAGoessﬂii’)&&dﬂhBW RAML19 Bnd padsed toBSSes drB@y

mﬁflrfgreyeggw Cyc ﬁ? %ﬂdﬁe&e&dm‘wﬁg .&%W&@g\%%%@s%gw&%ture

of Buffery mﬁl&'ﬁ@r CRULIP usies hejmagerderessdni8- singl e
cycle doukl e access (read and vvrlte RAM runni ng at _the_nom nal speed of
the printhead dot GRh&aiafeag fom IBrgecRAM 4 is.tead jn.a very siawie wreparonad fastian: Twei ng
4% faster wirdgistecrdrgusad mdas;htm thectestl e therstarteddress obiBe st byte, ued Re nudtbetifbjtes. 4

is set to WhWh%nﬁ'@Lall\d(mhelaﬁg cr}ehqhéaﬂ.gm% FA%W% iHingcess.  10.2.4

Upl nt er pol ate, Hal ftone, ormat Fo rinter lough t he

Up-i nter pol ate, Ha*rﬁémaumm&fpeﬁmcéew?wuwﬂ%l@&el&3 are defined as
separate tasks by Section 3.2.8, Section 3.2.9 and Section 3.2.10

resIoect I ;/elt y, theyasem g& as&:wmgh% ma&saﬁﬁfm&%%s@um%;é umésnérbtﬁa#m Hﬁ&%@

i npl ement at i e, i nput, to the erpol at e one
and Refor‘ll‘«'natt%Ia { BIG-IRWED %%’1 h“e"hceon S "%"ﬂﬂefséﬁ %ﬁfgf’ tof reads 3
containing t H@%’P%a&WW&W’W&MN@%@PMQFW&B@ fqreseﬂ\tanmm}e Nrage
[he Ve o | GLart e e o ity Ao pilst BaGR eaic AL e Sec? Snb Il v
t he Menj et

01/ 20550 PCTPE%S%‘E(}%"M&‘ §”'9f‘§%i*§%°°{-ﬂ% jadita v W‘%aﬁ?eews gjngfrom o
24 output bi MecurEtagdm®rated 1 bit at a time, and sent to the 24-bit shift

register in Buffer 5118. The control of this process occurs fromthe
Advance and AdvancBlSTHeor&eagine? byies, Heddrees Generators 19 simely repdsdhres 0k vatues fomar t s
up, and aft elmageRAM Pichndwited thenetoBuffes 5 1162 FheTirst a-mee}Nmraeduﬁeﬂslﬂs-ﬂf ﬁdre&PC ked

i nto the,24- bite ek .;\t,ndeewas.ka%s% 481, aha'Me tfirg o
e T e e e R bR,

The addresses generated for the Image RAM 11 are based on a start address and a byte
count as shown in Table 23.

Table 23. Test Pattern Access Registers

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

25
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UHRU 113 waits for the Advance pulse fromthe MJ1l. Wen the Advance pul se
arrives, tixoorkissasf er WiteEnable pulse is given to Buf per/aBém@oréand t he
next 24 bits are calculated before wailing again. In practice, once the
first Advance pulse Is given, synchronization has occurred and future
Advance pul ses will occur every 24 cycles thereafter. The Upi nterpol ate,
Hal ft one and Ref or nntTable@3.Jost Pattern hecess BROIstArst| qur e 46. The Hal ftone task
i s undertaken by the, s OPar at 120. The jtwo inputs
10 to the conpa atbdasaVis: . - ‘ Ad Buffer 4
117. The order |tPRHSS i caaidta) s Walal=
120 |s determ : i o
ensures that the Birated $io gBRerton] ne and
segnent - ori ent ed qﬁ%@rﬁlﬁ qui e(?tnpor tﬁ‘e;agﬁﬁt head?m%ﬂ%%ss GQ"rYZ'F‘?t or

St at e Machi nulses2ge noh#hoWh.or ¢ under tsakes the Up-Interpol ation and
Reformat®ing for Printer tasks. Rather than sinply access an entire |line at
atinme at high rgseédbdron, and then reformat the |line according to the
printer |ookup requifenpitsafs described in Section 3.2.10), the
reformatting is achieved by I hg a&propri ate addressing of the contone
buffer 15 (Buffer 47°ﬂ‘ff“9an8“§nes ring that the conparator 120 uses the
correct | ookup fronkesp@dgisRdmifeg|s (%o MEB3* gt ch the staggered addresses.
The Hal foni ng task kedtdde imgravties 5084 ¢ Aprdd+by Section 3.2.9. However,
since the dot out pidad adf @ntgcietetse k)i mat-hex+torrect order for the
printhead, the sizepgf, the Bilhghg-¢ell 121 is chosen so that it divides
evenly ifgt o 800. Conseguently glven position in the dither cell for one
segment will be that SHREAGT ?’he remai ning 7 segnents. A 50x50 dither cell
provi des a sati sfact oRepainégyt Patalf®8®ascribed in Section 3.2.9. the sanme
position In the detdner cell can be used for different colors due to the
fact that 20 different—trmes—arebermng generated at tne sane tine for each
of t he colors. The addressing for the dither ce]] .is therefore qui :
sinple. Ve start dtis%epaponsiiiyofiheCRY, 1P Ip enftice Batihp éﬂ“ﬁ"f‘%ﬂ?"'@'&pﬁ"{}(’@%g r ow
0). The fi reste ol the aszzie@teldaie for thy 8 segaubnis of dyan (0 © segmentGete.); Byta 1 inthe pamerfor
times (24 Cy&ég@ﬁl, i é}@@fcﬁgﬁo@.fﬂeﬁaﬁ%ﬁrﬁﬁ Bifs arélfdr ofd/6veR PRAE Separdted blyen
advance t@ En%‘% | of ‘row 0. After Entry 49. we revert back to Entry O.
This conti rMgeeontetgotline; 19 200 cycles in order to generate all 19,200 dots.
The Hal ftone Unit then stops and waits for the AdvanceLirie pul se which
causes the aUcﬁ"es?"HE"r‘Pe‘r"ﬁtor to advance to the next rowin the dither

cell. 25 The Staggere i ther cel | ' . Redsibn broceds. f from
a regul ar dither gwrd%aa 'W@ﬁ/l‘hﬁé %é&éﬁ%%mggtdﬁg mgg st a ger eg.éu%{i%s IS
because we oeoneistaicb acifchitashit wegisler (9j hold dots gpnerqied,pne ﬁUB@'PP‘fE%E"‘S (BuLE
26) RO AU WO @ipinipofate-Haifidhe dnREOMAtAMit), 3 B-blt registersitodieid the datargedardtédsroprihe TRAtES
and saves th e S %e*g kHa BuffeP foR GhPtRn NG (m r ow
and back agaﬁﬁé\g%&egfter ng'tﬁl?’\%ﬂszets Q 'gg%%adgkj:s Ffo ure deﬁtﬁth& b( gﬁlale
i ther cap! lgisiacal,dne e ulge o the Myt lnadstih, 240k Tranafr segpie iy & 27 65y St
sanme size. Nuinethe 8 8bit fegisterd ot the skigiei 24 it shiitrepisteiiness” of a given position, we

nunber the pixels In a given row 0, 1, 2 etc. The 8-bit value fromBuffer 4
117 is conpared (uPuferfibersfonegcts pea daublebulieiing meghaniss forie generated dots, and has a

structure as shown in Figure 44,

10.2.3 Buffer4117

Buffer 4 117 holds the calculated CMY intermediate resolution (1280-res) contone image.
25 puffer 4 is generated by the Color Conversion process 66, and accessed by the Up-Interpolate,
Halftone and Reformat process 113 in order to generate output dots for the printer.
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5 Staggered Dither Cell 121. If the Buffer 4 pixel value is greater than or

equal to the vhpiassece! | value, a "1" bit fs-output to t?’?’dﬂﬂf’& regi ster

of Buffer 5IM O herwise a "0" bit is output to the shift 108
Buffer S. In order to halftone 19,200 contone pixels, 19,200 contone pixels
must be read in. The Address Cenerator ﬂ‘nt 122 performs this task,

%ene[ ati n? Ehe addmﬁ)ﬁmm&éfduﬁr de']?u’%tph%s%%'s@n@eﬁ%'q% gﬁ" "
pi nt er pot a rLess neratjon for .readin er s sTightly
nore conpl i gﬂé?ﬁrm e&saéjgé%{&%%g %’8’?‘%9?"8 ;ﬁ"cf?’ Tﬁ@%ﬂ#m datsfor a diffrent ot
overly so. 1edlor I?eaAMQEB mmm%nqmmugsmsmmmm i @e Hined C e
the first rommmﬁlﬂng uf fer 4
are 0, so the } ef f ct Qg‘g&v‘\’h\%ﬁdﬁgg:ﬁo%nt otgaﬁ%eﬁ Ii"%
effective ou |°ﬁ'@§mﬁ‘a°§pﬂ“ ag7 e distanges gre d ?‘h‘f‘@g‘é’?“%ﬁﬂ fractional
conponent . The |nt eéagg“[ IS'E‘P f fhe register is used to select which
Buffer tifie will i Biatthere s 8 oVen sfistance In highsfes dats frombg eyen evgR dats: ot
particul ar cthrqugh_be odgentatddtsdy tha ofd yelidwsdots3 Inirdee to rainimizé gﬁrﬁraﬁdhe;fasednd Kence

mai nt ai n thecwrmmqamnemetswgeﬁeamse@q &L@arémh@ Grper ary -

counter P ADR (p| xel address) 15 1s used to set Into the remaining 7
segnents. In summs;ucetmﬂuoomdémm lrwmésq&weéaimm%élﬁ&s%a&ﬁw res

the foll t Tab t

e o Lt r "8 i MR k. i S phihe FRES 14 L % i hE) dsqoins)
CyanQdd 6 bi $%onfy3o er@@‘p!lirmgmuzﬂmeraﬁrglmmxgip@m;dismmgbmw&zasbnmwe 3)
ot v S L1 AR b oS L e
(only hol1as %’egerd E%B‘?‘t&éi" )ll'lé"g‘mcﬁ}s%} L'ﬁ? M@I“VM@@WBP‘ he 6
buffer |ine ?‘ﬁ djneginciudesi the taitcdoplingSiomaa givkntPixgl lineaThiscimpliss icpixe! linesz mitle dot lines

(remenber thgéne:aiaeaéfaca 5,3DaHd afiowW3d R MErBaselofnoRiid fphrtitR k1o di vi de by 5). For
exanple, if the odd and even SUBSTI TUTE SHEET ( RULE 26) Rt)/AU WD 01/ 20550

PCT/ AUD0101076 - 5fb enstird thiat tROEchtond g@e@wn%caswmauﬁm Qéés%oﬂﬁtﬁﬁa?en&iﬁr of |

dot, and noz 0 e 0zz| next
by B dots. t o 0o erdifPefibedleadilioR AR Ue MR oba et R sBtoborin

Tabl e 25. Cﬂ@@”é&?ﬁp§€ﬁmbf 19, 200 dots has been generated, each of these
counters must Increnment b fractional conponent, representing the fact

that we age sanpli™ QWH){’HW Is|thersfare 3 gelors pf & ipes, gashtling gantaining 1280 8-bit contone
values. The total memory required is 3 x 6 x 1280 = 23040 byles (22.5 KBytes). The memory only

requires a single 8-bit read per cycle, and a single 8-bit write every 25 cydes (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 funning 4%
faster with only a single read or write access per cycle.
20 Buffer 4 is set to white (all 0) before the start of the print process.
10.24 Upinterpolate, Halftone, and Reformat For Printer

Although the Up-interpolate, Halftone, and Reformat For Printer tasks 113 are defined as
sepzrate tasks by Section 3.2.8, Section 3.2.9 and Section 3.2.10 respectively, they are implemented
as a single process in the hardware implementation of the PCP 3.

The input to the Up-interpolate, Halftone and Reformat Unit (UHRU) 113 is the contone
buffer (Buffer 4} 117 containing the pre-caiculated CMY 1280-res (intermediate resolution) image. The
output is a set of 24-bit values in the comrect order to be sent to the Memijet Interface 15 for subsequent

25
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di rension. The resultant values will then be as shown In Second tine col.umm
In Tabl e 25%wobipdesset hat 5:4 + 1= 0:0 since there are onl yopAboddiess | | nes.
Tabl e 2J. Exanple Instal Setup and Second Line Values for the 6 Buffer Line
Regi sters First Line Second Line Name Cal cul ati on Value Buff Val ue Buff
CyanEven Initial Position 0:0 O 0:1 O.sfyanOdd CyanEven+0:1 0:1 0 0:2 O
Magent aEv e nutpit toftiiptinthedi vigBuffer. 54118, memmmemmwmammmmo 2
2:1 2 10 YohbpsMmibgistdlaosineds 198d+1 3 (8) -3:3 3 3:4 3 Yell owddd

Yel | owkEven+0: 1 3: 4 3 4.0 4 The 6 buffer |ine regi sters then, determne

whi clh of Tt he buffreéodnwafswsh §rob&sf thb&.&gﬁﬂﬂm&h«@mmmsme%%mietnh

i xels. To Q e m are rea om t he
EpeCIfIC p?ﬁ&h M% '%th% l?%%’ R&?&F“é ?:ésh'?’ m‘iﬁ‘ﬁ%ﬂdf?i{"%ach
col or, anddaclsdM@Z@tptﬂﬂmyﬂecof@ntf&eﬁbvéﬂtmmeebnal AtershecR4thdithasteen | nt o
(rar:gru%e rre%lck;gﬁghtms di S%Enib@ﬂﬁb% @%% £I ﬁ&ezpﬁﬁw%ﬂg‘?@?eﬂgﬁ(actl by
5, we onIy'ﬁ@E’d‘@s h‘l’l’f@’ the gﬁm%ﬁb ‘g’* PNlsg Agives. th the
counters. mngmmumame&mmw ﬂaranﬂlﬂvmmbwlmqbuladdwforetvhﬁmt he 8

addresses fo0kin tsbgmamemne@%wmﬁade puiidaa lgiver], l4fncRromElib ASCSCnRE ahd Ry €N
yel | ow. V\é

sane cyan, magenta, and yell ow pixels.
Thi s proceMFeﬂ%s%P%c“W 291"{’§g %% ‘even then 24 odd, |s performed
400 tines. W ca set he Pi Addr ess nt er, ADR) to O
3"%@?{'} ne and }ormagﬁuoeés ca&%# Iseneél msfé}.lée 46P

and advance the egrs hcés. the next

buf f | i i
orocessy Tabl e I MR %%"ﬁe"it%‘*é"*}ﬂ‘em Elhghbl conjfortd 146 The b8 0l
Gener at | on 4 be mmmgomfwre I"'e@'ﬁﬁgi(ﬂ‘?jP@%CgVé (g, Byffer, 4 A3 The, prdenthat these-

Cener at e adgiedre .ireereneu wwwed compamn 120 is\Bierfninad byt Atidndss GeneidlorSthteance

t t 160
Advance t o eaute 2 :Cg ﬁ *‘E‘“%E’?“s“*z@&“ﬁ"%@s@x%a@?%*
segnent 2 (EHEgafgyuired d ﬂ’hﬁmrﬁsmrﬂ’“ﬁ@e therelomyundpriakes the.y o)
25 4 CyanEwpmtéipdidiioh Bhd/Raformattiipdér Plickectasks. Rathesthamsimply dccéss)an eptiréline\atan firaen: P

ADR P ADR 3@8@%@8@%@%?‘%““ éocsramgf&he printertbdRup reduiflient! (- desérbbl-E

26) RO AU 3 01076
ection 3.2.10), the reformatting is achieved by the appropriate addressing of the contone buffer

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

The Halftoning task is the same as described by Section 3.2.9. However, since the dot
outputs are generated in the comrect order for the printhead, the size of the Dither Cell 121 is chosen so
that it divides evenly into 800. Consequently a given position in the dither cell for one segment will be
the same for the remaining 7 segments. A 50x50 dither cell provides a satisfactory result. As described
in Section 3.2.9, the same position in the dither cell can be used for different colors due 1o 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.

20

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

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

SUBSTITUTE SHEET (RULE 26)RO/AU



Tabl e 26. ‘Address Ceneration for Reading Buffer 4 # Address Cal cul ati on
Comment 6 Cygghyas)® ADR P ADR +=160 Advance to segnment GpdyGAdiddiozd
CyanEven: P ADR P ADR +=160 Advance to segnment 7 (cyan) 8 CyanEven: g_ADR P
ADR = Cenerate address for even pixel in Mgenta P ADR Magenta segnent O
and advance to Magenta P ADR +=1 next Qkﬁ(_el for magenta 5 (nods) 9

RO S5 o e ettt o] i e
ent aeven. = vance S

Nont atven. MR 19 RE agai] By RioR seis b2 PRER R 25 BB Srae e col 83, and

Magent aEven: Mowtaohn itio #stegered ditheriel 2\ ohe samesigeridiate that fordatpenitiag the b8dness” of

Magent aEven: Rifden bosibizws ndmtidr HE NiRdhaR a pRentSWORNS et (MBOENtE) 14
Magent aEven: P ADR P ADR +=160 Advance to segnment 6 (nagenta) 15

e SEvon - 2o DB Sk o s g ol P,
ven: = Vv I X Yel -

ADR 1 oy s agmStHOS e NeE iy 1At e pieiyae b roperdbanydr sdia o g e e VoA, v

(nmod 5) 17 Ye€lbitdssdutpatto the AfRregisté iR Buffer 5 3 (8. Qtheruisea "¢"dit Sscogtpettd the shift edgisieryf 18

Yel | onEven: P ghfi2sP ADR +=160 Advance to segment 2 (yellow) 19 Yel | owEven: P

Yy -

ADR P ADR +=160 Advance to segnment 3 (yellow) 20 Yell owkEven:P ADR P ADR +=
160 Advance to segigbiderio hitfidne A9/z00 contohe ERE4, AYBUE Ebnitné bt mNeBe Faad iR Ome

Ad t t.5 (vell 2 Yel | P ADR.P ADR += 160.Ad t
Cogmont 6 (st ol IS perifne biedeih. S0 1S ABresii eter 0TS RBRY 7
(yel | ow) 24 Yepéraninoche BpinBRoat t350RThe a0dass generation dorgeasing Buffaricis sfishiyeinore

Cyan_P ADR %ﬁplﬁﬁMm@aﬁﬁséggﬁéfﬁﬂﬁﬁrwdim%u. bédhatbudny8R +=1 pi xel for
cyan (m)da 25 CyanQdd: P ADR P ADR +=160 Advance to segnent | (cyan) etc.
do

ﬁg Thehps Udocode frﬁéA%ﬁé&@b%ﬁérﬂ&f&h@dﬁ?ﬁﬁﬂ44nl}%irﬁ@d&e&ﬁ%ﬁ& %oﬁwm Hasr e.
te that 1t | S as .a se | et .o t . Jabl S a
better view (?F g’l rgtbrba %?T%?’"Q{&Y%E%Q?'ﬁg' sg&e&gﬁlieg%gvelygﬁﬂ\ﬁegmq Wé'gg ess
generation. % Cal ciglgl @ ns 6l ctiitolt 1RGhas YUY Gith &Y ifleger and fractionat component,
The integer portion of the register is used to select which Buffer line wilk be read to effectively
upinterpolate the color for that particular color's odd and even pixels. 3 pixel counters are used to

maintain the current position within segment 0, and a single temporary counter P_ADR (pixel address)
is used to offset into the remaining 7 segments.

15
In summary then, address generation for reading Buffer 4 requires the following registers, as
shown in Table 24.
Table 24, Registers Required for Reading Buffer 4
Register Name Size

CyanEven 6 bits (3:3)

CyanOdd 6 bits (3:3)
20 MagentaEven 6 bits (3:3)

MagentaOdd 6 bits (3:3)

YellowEven 6 bits (3:3)

YellowQdd 6 bits {3:3)

Cyan_P_ADR 14 bits (11:3

Magenta_P_ADR 14 bits (11:3

Yellow_P_ADR 14 bits {11:3

P_ADR 11 bits (only holds integer portion of X_P_ADR)
25

The initial values for the 6 buffer line registers is the physical dot distance between nozzles
{remember that the fractional component is effectively a divide by 5). For example, if the odd and even
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CyanQdd =

CyanEven + 0:1 WMagentaEven :
Magent aEveworot2osse Yel | owEven =

28) RO AU WD 01/ 20550 PC / AUCO 01076

times (depends on print size)

-55- Yel | owCdd
Cyan A -Am =. 0 Magenta

.-P ADR -

CyanQdd + 1:3 25 Magenta®dd = -
Magent aOdd + 1: 3 SUBSTI TediaGinetolc ( RULE
= Yell owEven + 0:1 Do N

0O YellowP

ADR = 0 5 Do 400 tinmes % generate theggven pixels for the first set of 24

bits

ReadBuf f er (}‘g H,

i

portion o

ReadBuf f er @pqe; 99ch-gat fl

| nt eger

e o pi SR H8 el il Bl ) ada i i Socdfgiroot

5815206, et hi e 9

Xt iiffa RS wolila HBR:
ADR Magenta P A

P ADEi:tpugaoﬁﬁgeolorpmfsebarmw aijstancd-of A[ORL, ahdanozzies Abine color@relsepdbatedifrdm Mes
s'hwﬂ-ﬁ %ﬁﬂﬂp&mnmn Tanfel 23, -

a,tlnes

eadh %Iﬁ?sgr W“PW EPFH fegrement yd
| nt eger pofridiérial empdfent, cepréseriinirthe Yaxt lhatwé aradsaniplir eibh pisel & tiniesirsthe vertical

RinFR6IESS. Nofe a4 at €

nteger portion of

Cyan P ADR+Q¥&F9MDR°H°Q9'Y§°“N“’B(§ 8 times ReadBuffer4(line=Cyanodd,

pi xel

10

15

PSADF\':)abIe 25. Example Inita! Setup and Second Line Values for the 6 Buffer Line Registers

Calculation

First Lino

Value

Second Line

Buff Value Buff

CyanEven

Initial Position

0:0

0:1

CyanOdd

CyanEven+0:1

0:1

0:2

MagentaEven

CyanOdd+1:3 (8)

14

2:0

MagentaOdd

MagentaEven+0:1

2:0

21

YellowEven

MagentaOdd+1:3 (8)

33

34

YellowOdd

YellowEven+0:1

34

wlwlvw|=jo|o
slwinviviolo

4:0

The 6 buffer line registers then, determine which of the buffer lines is to be read for a given
color’s odd or even pixels. To determine which of the 1280 medium res pixels are read from the specific
line of Buffer 4, we use 3 Pixel Address counters, one for each color, and a single temporary counter
(P_ADR) which is used to index into each segment. Each segment is separated from the next by 800

dots. In medium res pixels this distance is 160. Since 800 is divisible exactly by 5, we only need use the

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.

20

Table 26. Address Generation for Reading Buffer 4

# Address

Calculation

Comment

P_ADR =
Cyan_P_ADR
Cyan P_ADR+=1
(mod5)

Generate address for even pixel in
Cyan segment 0 and advance to next

p_ixel for cyan

CyanEven:P_ADR

P_ADR += 160

Advance to segment 1 (cyan)

CyanEven:P_ADR

P_ADR += 160

Advance to segment 2 (cyan)

CyanEven:P_ADR

P_ADR += 160

Advance to segment 3 (cyan)

25

CyanEven:P_ADR

P_ADR += 160

Advance to segment 4 (cyan)

N H|WIN] =

CyanEven:P_ADR

P_ADR += 160

Advance to segment 5 (cyan) =
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P ADR +-
Adr += 0:1
+= 160 End
-56 P ADR -

oo, S04y

ReadBuf fer4(li ne=Yel | onOdd, pi xel

advance to next "I i nesramﬁlms’sm&aﬁor@%

=P ADR)

160 EndDo P ADR = Integer portion of Magenta P ADR Magenta -P
ReadBuf f er 4(| i ne=Magent aQdd, pi xel
E SHEET (RULE 26) RO AU WD 01/ 20550 _
I nteger portion of Yellow P ADR Yellow P Adr += 0:1 Do 9 tinmes
P ADR += 160 BndDo 5 % Now can

Magent aCdd +- Yettonwbvrern—= YeH-ewodd 10-EadD-EndDo
10. 2.5 Buffer 3&1(; Buf fAsre8s i s a|st r ataidtion war g set of &dminenR, G 8
val ues. Thesg sR(B| CoangaénFeABRT NE PIADReL1 766 eI %bﬁ%f@@apj Iluxei S
orocess 60, 13 | INEER IO 2 SRR I, Mﬂ" G <
because the f@ad | CENFETF- ow) P = 6 onl Pl&"‘v | b
for the first] 39 ¢ycles, while t Bd%far pgr e ?"5?‘8%“’49
cycl es bef®rg bei pg ready to act R*+ihe va ue 10 2.6 Cony
to CW 66' THe-—cobversion from ) oMY 1 pedforned in t he medium
resol ution spdce | MosshiaFven ADR E_s@?*?b"'etﬁol n_Sed AptsAce3o segment 1 (magenta)
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 += 180 Advance to segment 4 (magenta)
13 MagentaEven:P_ADR | P_ADR += 160 Advance to segment 5 (magenta)
14 MagentaEven:P_ ADR { P_ADR += 160 Advance to segment 6 (magenta)
15 MagentaEven:P_ADR | P_ADR += 160 Advance to segment 7 {magenta)
10 16 MagentaEven:P_ADR | P_ADR = Generate address for even pixel in Yel- |
Yellow_P_ADR low segment 0 and advance to next
Yellow_P_ADR+=1 | pixel for yellow
{mod &)
17 YellowEven:P_ADR P_ADR += 160 Advance to segment 1 {yellow)
18 YellowEven:P_ADR P_ADR += 160 Advance to segment 2 {yellow)
19 YellowEven:P_ADR P_ADR += 160 Advance to segment 3 (yellow)
20 YellowEven:P_ADR P_ADR += 160 Advance to segment 4 (yellow)
15 21 YellowEven:P_ADR P_ADR += 160 Advance to segment 5 (yellow)
22 YellowEven:P_ADR P_ADR += 160 Advance to segment 6 (yellow)
23 YeliowEven:P_ADR P_ADR += 160 Advance to segment 7 {yellow)
24 YellowEven:P_ADR. P_ADR = Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advance to next
Cyan_P_ADR +=1 pixel for cyan
{mod5)
25 CyanOdd:P_ADR P_ADR += 160 Advance to segment 1 (cyan)
etc.

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

% Calculate start positions
CyanEven = 0:0
Cyan0dd = CyanEven + 0:1

25 MagentaBven = CyanOdd + 1:3

MagentaOdd = MagentaEven + D:1
YellowEven = MagentaOdd + 1:3
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20 The conversi on process 66must produce the contone buffer pixels (Buffer
4) 117 at aye edressof ast enough to keep up with the PCT/AU00/01076

Upl nt er pot at e- Hal ft one- Ref ormat process 113. Since each contone value is
used for 25 cycles (5 tinmes In each of the x and y dinensions), the
conversion process can take wup to 25.8y5€les. This totals 75 cycles for all
3 col or conponentedlowaydc= BeldesPran y0:Hescri bed here only requires 14 cycles
per col or conponent, with the input RGB values actually freed after 39

cycles. If the psOfess! @edehdd &pLediddth | 0gic that requires access 25
to the input RGB valugsyfor, more than 49 cycles, then Buffer 3 116 WHO
requi re doubl e-buftemng, since they are updated by the Sharpeni ng process
65 after this ti md*®e5m! Ut SHEET (RULE 26) RO AU WO 01/ 20550

PCT/ A1J00101076 -¥eRowireAmRonversion |Is perfornmed as tri-|linear
interpolation. Thridesod kidesl7 X 17 | 0ookup tables are wused for the

conver sPon process: '\%ﬂ‘t‘& %‘gg"ﬁoﬁi"ﬁgﬁ&% g80t2: 9424306, ROB to Yell ow
92. However, stnce ave cycles to performeach trN near

i nterpol ati on, ther &A% hé‘ﬁ%’é‘o’#ﬁﬁ’“é’f%‘{)—’ - linear interpolation unit.
Instead. B calls to cxad Pae®Rir= 9% er pol ati on process 130 is nore than
adequat e. Address gases edwe®n for indexing into the | ookup tables is

strai ghtforward. W usgg.deli@ed angvenl, PkALCARH bits of each 8-bit color
conponent for address generation, and the 4 |east significant bits of each
8-bit col or conponent PRRBR ety pol ati ng between val ues retrieved fromthe
conversion tables. T addressing into the | ookup table requires an adder
due to 4phe fact thate aige= ngregerpportioh @f Magenth REMB| ons of 17 rather than 16.
Fortunately, multiplybeaga 8 adrBito:nunber X by 17 Is an 8-bit number XX, and
t heref ore does not rngoygﬁgs an adder or nultiplier. and multiplying a 4 bit
nunber by 172 (289) is on e sl ight I% nor e ?Oqﬂl:i c§1ted; requiring ‘a single
add. Al though the int &FBY AT SH Eo IR B T Ormed faster, we use a single
adder to generate 10 Pa¥res¥8s and have a single cycle Interpolation unit.
Consequently we are mafiloe to calculate the interpolation for generating a
singl e col or conpongnjprfJ @X8efiEBodrfion bt MLIcR P, asdS Shown in Table 27. The
process nust be repqgiﬁg poadel IES,1 N order to generate cyan, magenta. and
yel |l ow. Faster nethads af& possible, but not necessary. Table 27.
Trillnd&r | nterpol atPch®8t col or conversion Cycle Load Effective Fetch

Adj ust ADR regi ster | feastpiSpzitiine-YeldpfEven. Ogar} =2 308 ADR=ADR+17G 3 ADR ADR +
B 4 P1 RGB ADR =ADR +#_fr5=P@oRGB+1 ADR =ADR + 16 6 P1 RG+1B ADR=ADR+1
P3=P1 to P2byB 7 PZnhlet1B+1 ADR = ADR + 271 8 P1 R+l GB ADR=ADR+1. P4=P1 to
P2 by B

% generate the odd pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan P ADR
Cyan_P_ADR += 0:1
20 ' Do 8 times
ReadBuffers (line=Cyanodd, pixel=P_ADR)
P_ADR += 160
EndDo
P_ADR = Integer portion of Magenta P_ADR
Magenta P_Adr += 0:1 '
Do 8 times
ReadBufferd (line=Magenta0Odd, pixel=P_ADR)
26 P_ADR += 160
EndDo
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9 P2 Rt| GB+1 ADR = ADR + 16 P5= P3 to P4 by G 20 10 P1 R+1G+l B ADR=ADR+1
P3=P1 to P2b 2 R+l G+1B+1 12 P4=P1 to P2byB 13 P6= E@\@M 14
V=P5t oP6byR V&smé 'gﬁn in Table 27, a single ADR register gﬁi‘dﬁa eﬁ('can be
used for address generation into the | ookup tables. 6 sets of 8-bit
registers can be used to hold internedigge results - 2 registers hold 25
val ues | oaded from t he_sb®ekisgesea bbxeton cfnebllow e @lrst ers are used for the
output fromthe interpgahal pQbr Yhistz Note that the input to the linear
interpolation unit is_always a pair of 8-bit registers P1/P2. P31P4, and
SUBSTI TUTE SHEET (RULE’Q AU ii WO 01/ 20550 PCT/ AUOQ 01076 -58 P51P6.
This is done deliber at eRepafusfersidineareiionpddy @ixedeR 88 on | ogic. In cycle 14,
the V' register 131 hol §gor ¢haseB-bit value finally calculated. The 8-bit
result can be wittengidothe appropriate location in Buffer 4 | 17during
the next cycle. A block diagram of the .Convert to CMY process 66 can be
seen In FPgure 48. Assuning the process is first run to generate cyan, the
resul tant cyan cant on& N9y £&1 agvanceigsyt *¥o¢t o the cyan 1280-es contone
butl er, The process i sysnkven +=1 again on the same RGB input to generate
the magenta pixel. Thigunt®oaN§:a cantons pixel is stored Into the nagenta
1280.res contone buffer, . El.nglly, the yellow contone pixel is generated
fromthe same RG@ input, and the resultant-yellow pixel is stored into the
yel'low 1280-res cont off®*HdP¥et)°**The address generation for witing to the
contone buffer (BuffeFeldywetenr+=i &lgstraightforward. A single address (and
acconpanyi ng Col or Sel saxtiodosd 89 oizs used to wite to each of the three col or
buffers.1 The Cyan bpdpber is witten to on cycle 15, the Magenta on cycle
30, and Y%I | ow on | e 45. The pixel 10 address is increnented by | every
75 y cycles (after_all 3 colors have been witten). The |line being witten
to increnents with wappi ng once every 5 AdvancelLi ne pul ses. The order of

| i nes bei ng jit t.0.kS sinply 0-1 2-3-4-5-0-1-2.3 etc... Thus the
wites (25 xwliZ%O%;mg)soggl ance out with the reads (19200 X 5). 10.2.7

Buf fer 2115 Buff era‘ﬁeﬁiﬁf%ﬁgﬁ?&ﬁﬂ%ﬁ”@h %r({)gwm ﬁ@éﬂiﬁﬁﬁm&lﬁ@&fﬁnﬁ%&%”ce

process 112, where pi xel 1s generated iven
pi xel coor di Mediumn res(§280as) pire!s gangratetby the Shawen proges 85, apgyreptby thg Campetio fMYcess

65. which reftudessss.a 3 x 3 set of |um nance values 135 centered on the
pi xel basng sharpened. Consequently, during the sharpening process 65,
there I's need for ItispaaecessarytthdouBle kufidr Buffercd/116 Jhislisbecausatbe read (Comert teeCMYie | |

as the corr espaRdid iy Rdtiresthd ioe ftfefor hb firsCRISds, WhIT IR SIDER) proctls dsne

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

10.28 Convertto CMY 66

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

20 as described in Section 3.2.7.

The conversion process 86must produce the contone buffer pixels (Buffer 4) 117 at a rate
fast snough to keep up with the Upinterpolate-Halftone-Reformat process 113. Since each contone
value Is uged 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

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

25 tothe input RGB values for more than 49 cycles, then Buffer 3 146 wiil require double-buffering, since
they are updated by the Sharpening process 65 after this time.
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sanme time, the next 3 | um nance val ues and the correspondi ng RGB center .
val ue nust weonzssul ated by the Resanpl e- Creat eLum nancecpavtsasrcll2. The
| ogi cal view of accesses to Buffer 2115 Is shown 20 in Figure 49. The '
actual inplenentation of Buffer 2115 is sinply as a 4 x 6 (24 entry) 8-bit
RAM with the ressing on read -and Aite providing the effective
shifting of val ug'g Wf’ ‘f"‘f{ﬂ???ﬁsag'lﬁ‘ﬁ?'é’r“ %ﬁ‘?ﬂ%féﬁéﬁ'@ﬂ"‘mﬁs‘“
Wr appi ng t mse fox the coaversips Ipracesis: BGBftecVan/\m maeﬁfuagbﬂwei.wnurﬂeaemlm ohe
equt val ent. iiveue aintd ¥ oy tb patoY bdch i hesl-Hdipdiifor. a4 i heB ot The
i l#’ourth :

fact that we don't re ur re col um of at a |s not relevant,

and nerely ’E&aég‘mﬂ’q?ﬁﬁ M@ calis o a lipegsinterpelation process 130 i3 Mpre 419 Agequate.

conplicated 25 shr ft and read/ wi In.a give cle, the RAM can
either be wittedfd &Wﬂmﬂrmpw&s%\m %Pﬁ’c@gé‘% %4 0est75
cycl es I n \dgnmdantmotnam&bleodmmpdmttooaddmpnmmm andtthecd least signikeant bits of

?ﬁ?ﬂ'el et ‘%‘%ﬁ t"’@‘?@ tbipdiin botaen vabled fedie/bl H Wb droion tbles. fhe > ©
S o 2 dgossp ke kb Bhia regkis 3n AGS® e o he ot the okyp g s imeptions 3 1 1 6

t he Shar perof Wnirdthed thanus Fdneuqtely.rmmwrm B HebitGumberX by 17D IsCluiv8-pit modesXo§Gandwhi ch

Irrplresaco | ete stb hare

shar peni ng W %gges%ﬁﬁ) for u t"{e}"ﬁpw\f%%n(b K mg';%ﬁe ¥%1¥7Q3289g§r?ﬂ|¥l
fromthe R@ﬁhtlﬁmdawnnﬂmbdsmf@darsmlseﬁ er 2) and adding the filtered L back
into the RGB conponents, as described in Table 127within Section 32.62 on
page 35. The hi gHAShesgh fhe|intespolglion Goyid;be, pesigayed fastes e use 4 Fingle: pddge torgenerate 34
convol uto ovwgdesves aAd nﬁ)@@/\andmcﬁleguémla&n uhineCdnsggjoerip 9@ dré able to calcuatd tel at ed

over 10 cy h [ L 8

i mes t ho. CuERastbhfr epbritog S XiE et Sompc R b AR e U S T 2 g O
next 8 cycl%emr‘lfd?ma‘?ﬁ%“mﬁn‘h?'ﬂﬁ'r‘fwe&“ﬂ £¢an, pageqfaand ygliow, F&S’FHW"NWO
Thus the ernpossitte, pitasrdtssancan be acconplished by an adder. Cycle 10

i nvol ves the multiplication of the result by a constant 141. This constant
is the 10 represent aﬁWk)Tﬂ"ﬂPﬂJ"“HBP"P@”&'M@P‘@F’S‘%"&) al | ow the amount to
altered by s¢ P b 0 C ct s then added
tothe R G .aéﬁmf’.a Lopd ky ot 'ﬂ%s-t-ﬁ%md ML e’b?*n Buffer 3
during cycleslz2. ¥3 add 74 cal cull ARG 11i ng dhe sharpened RGB val ues
during the 148t 3 |cyclds of the 75 |ARR®ABRH7Genpvds the need fdr doubl e
buffering in{Buffef 3. The structurdq AIR4ABR$EBar penfunit can be g$een In
Figure 51. Thg addgpty unifiréefZ connedispR £ ADRMAT €r 2115 IS a subfjractor

with a floor gr’ 0 1%1 5T ORBRE R V6 X tffe frrst T valfjue during
cycle 0 (of Fes u‘IEP..W FRe—fext } v%"mar\eﬂ{h“_%*“'fﬁe—gn it. The
result is nor_s.i_g.n.e sile mm&m&_&ﬂﬁﬁ} gﬁb’lingthe
10th cycle (Qfcle le" t HERCMBHY + 1+ ot APRTARRB2AY0 {4 multiplied By a scale
factor (typil8ally|P19, |RMCGBnder sdfARRTADRBAL r ol H4CRAtOPIY B dct or can
be adj usted) jand P2t ernf BAGB+t 0 TVH ADREOADFORING 8 | nPegE3 toiP4by ®ff t he

result 2oe HOTEN| PP TNIRABRMB T acl[TADR=ADR ¥ancat eJPa=PagPEoy8 it from
LH'G:YLd(,IOF of —TIrotrsTUused—The] naxi nrum

the nultipl it 2 3 sTat
; b 1]‘1' Ll P?Ln +11§£]:§11 a1ch AN Th ol £ o $
value witte 1€ RS ES FEATAEEA V o A Y T ) its of
fraction. w highibit represedtd é factor can
13 ¥ ' P6=P3toP4by G
14 V=P5to PEbyR

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 registers hold

25 values loaded from the lookup iables. 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/|?4, and
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take-account of the fact that different print formats are the result of
scaling the QgpoipRes Py a different anpunt (and thus the convol ution
wi || produce correspondingly scaled results). The shar pene'('l"%gllY M or red,
green. and blue are calculated during Cycle 72, Cycle 73, and Cycle 74.
and witten to the R G and B registersgpf Buffer 3 116, one wite per

cycle. The capsmel Tiis istone delibbratelymrtedute feligtaraeiactioy bhie.n dyble 4, HBHY réghfer &ﬂﬂbl&é on

of TMP to Bufy dOTHeQHk | cen I xe
Addr ess Cener g?l o'ﬁ"".ﬁ's’%"??'gﬂ% orwar cﬁé%)%q bgg'"{‘é?’ tgtﬁgfa @&‘%Mm g'l%?
G and B I n cliffuingthenextaydesnq 74 respectively. Reading from Buffer 2115

makes use of the cycl i cal nature of Buffer2. The SUBSTI TUTE SHEET ( RULE
26) ROLAU WO 01/ 205%tPlaskefiagramof the Gongert to BMY proeres & canda seeninFiawe 48. 2_bit col urm
conponent (representl whi ch of the 4 colums should be read), and a
3-bit value repr esdiB4nng theprogess is frat ungo generatg cyan, the feguitent cyan Roniing pixs! isstomd: s
at | each ¥i riato dheccyan 1280esscevhiong hifferd) Thie' prpgaiss ) thetvien galborc#hel @me RBB ipudlRr  Of

g ¥ ; _ : . . |
oot ot ke, T o cr o S8 8 o el ko ™
bits). 5 Tabltuferdinalythgyellew gantone pixebis generated fram the game BGRIppyt.and the resutipptiyellow

Addr ess Updatixefs stéledintothié yello-1280rescontode bufferC. L2 3 C. L3 C==C+1 4 C L1 5
C L3 &X+1 106 C L1 7C L28C L3 CGCG1 9-71 No access 72 C, R 73 C

G 74 C. B C=C-1 15 Thé adsresgeriemtiohfor wrilirg téhe egritah duffen (Buis 4] 11 iscserbigorwardyae r
for the next s@@kw@y@aaa%par&hyéaﬁ%mﬁsmgﬁkﬁ el lof mPeQ%d&%é&ergde

0 valid. Sharpenin a there h een su ICI ent and
ROB pi xel §, ‘?' ?@’u’% ?slgﬂ\r'lf%‘r"°2g’(°@ds't“f‘?a¥a"?ﬁ%°'h 59284 Yeliow g cycle 45-Jhe gixel The
shar pen pr oc@éé’ewduﬂﬂlemw&hn‘em@wazslcym(afterme oﬂurbflnve liben writteh> The eainghas
advanced by 3uriBéH tbl mErEmentwith. v?aﬁklﬁ bk e%rﬂ%v%@el%ﬁuﬁ&s. hMeﬁ&lim%ein writton

whi t e- bal anc (%9 |s§' B-q Q%—@%Q %r!i ?cd 1?1:15)( tle1e| wsntéaét(25 x ‘le288£c I3 Ianoe o&t?ﬂ?t}t tltjlg ?eads% (1 5200
x 5).

10.2.7 Buffer2115

Buffer 2 accepts the output from the Resample-CreateLuminance process 112, where a

15 complete RGBand L pixei 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 amray
of luminance values, as well as the coesponding RGB value 136for the center luminance pixel, At the
same {ime, the next 3 luminance values and the corresponding RGB center value must be calculated

by the Resample-CreateLuminance process 112. The logical view of accesses to Buffer 2 115 is shown

20 i 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

25 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 75 cycles in which to complete in order to keep up with the printhead.
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resol ution. Each pi xel is.stored with 10 bits of color resolution,- corrpared."_-

to the i nmaggp o¥deksonage storage col or resol ution of 8 bi per/RBsedRerES! -
Buffer | Is arranged as 3 separately addressable buffers - one for each

color plane of red 145. green 146, and blue 147. A sinple overview of the
buffers is shown in Figure 52. During .sge course of 75 cycles, 16 entries
are read frnoRBca8Marpdn t he 3 buffers 3 tines by the ' 25 Resanpling process
112, and up to 29 new values are witten to the 3 buffers (the exact nunber
depends on t he sdh¢ SharpentUnit 65 perfarme the sharpening-tagk-describdd ip Seition 8:2.6d Sincenthe

resanpl i NgsnanserBPRES bikdis a6 Ebréd i Buffer 3G ) ENeSharén Uhites B Redp b/ with N8 E0rvart 6
-61 The buf be. W d h di It
R e
i xel s . is \

(pe. g. we are scalt'f’ﬁaﬂ’ﬁg'%”ﬁ?ﬁ%'@ﬁf‘%?.“{“m?é‘ 2'§h€' Hta‘ﬂﬁﬁt"“‘&ﬁ% ?“S"é'aﬂy “Beea{sgad
mul tipl & idatewsd stored ingBufler@) dridadding thi fiferad| L hsoksnoither RGBysomponsaty s desgribed in

Event ual |y ya50¥2¥fHin Sdchith 9¥84 onflagé s The highgass fitbruded is 8 Basid RighpBssltét uBiRY a
scaling up so nuch. the new ﬁlé Qﬁﬁﬁy be required before the next pixel

gener at i on 3x3/canwlytipn-kemel, a3 cycles). 5 Looking at the scale

factors In Table d Ta 11. ; ' '

Passport format : e ane has val'ue~“Tor Passpo . 0626.
o g @{,ﬁgﬁ&%,,aua%vﬁ%;gd%aﬁsﬁ by 63 18 eimBorks] Fogister

| ndi cat i ng 1#Gwith &ttinjes theicentar pixel valua fthe cerer Ppxalishiied lefl by Bibits)- I hemmt § Fyeles subtract

posi It i o ? f{ uldmyay.ﬁﬁgt 8 piRdl Daliea)Witha AR6rEHF 0. TS He@Atir® Plopediia lcals beadtbriplisiied bp bR at €

pi xel . [ S n lﬂ@kiﬁ? ed Eﬁ i's

4. not 4 %%Eg.%ea V\'B‘IZOEIPL é'géshé‘ﬁl ni |a?'a&'p§sréls§'?g*1?. v{eﬁieﬁwh%\é&@"ﬁgﬁﬁgt es

t he requi r &pEsentation of1/8; etied regisier toallow the,amount tn altered by safwam byssomeseala faglor. o

addi tional sanple colum is required for witing. This gives a total of

6. sanpl es per r ovihe tptalamountis thenaddad;to b R; Gyand B yalyns (with a cafifg of 266)and uiitende o ¢ he

3 sets of Bkiffds3piuing cyclésa2, Z3aard M. Qaaidinghwriting the shamenst RGBIValSBuring the last v | |

be 4 rows @dé%?th?@cyclés&am%@zo?uie?)%é{ﬁ:mhle&ﬁﬂﬁbﬁnﬁﬁﬁréaﬁpl e row above and

bel ow. Consequently a tot rows are required. For nore details see

Section 10. 2. 10. thd BRicRGf e Sharlet Gnidan D6 Sechdligure 5. val ue for Passport of
0.78125, indicating that 4 |ocations can be contained within 4 sanples. An

addijt i %rﬁlial sanpl &hé addePadHiti 182 bnhévtedws Blffen g 1mis|aQu$d§&orWiwﬁfiioB& ¢19. MRI4D ibei Ng .
read. S .4l { 5 o8 - ' r '

I ncreased t!%dﬁg%pﬁtgésﬁ%%r{ﬁdgﬁﬁéggﬁogzgr?‘J"Pg‘ﬁréw@‘%r?sg?%?#@%mgéura%%%g% . 6
rows are r &glheresyitismet signedesinge e sufpctnohps # BPofofOror nore details see Section
10. 2.10. Each sub-huffer is jinplenented as th decoding to read-or

a RAM wi th
wite a single 10 the 10 picle (bycle Yy the &1 bitriglel is TMPHAP fsepultiplisd by seAlR fcPEd | n
Tabl e 29. dwypicaty W8 Lbuburdessitwdnaconfi@@o ithat the factor danlble @dji@dded) Sndowriteh bark tdSTMRTET Vv
Buf f er  Connges.ionlyntelier its of e 86 drtnitieh tOTMPWIR fctidn BHTRaRE), ¥o the it froin RSO
multiply unit is 255. If a scale factor of 1/9 is used, the 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. 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).

20

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

* center pixel. ' ' '

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

72, 73, and 74 respectively. Reading from Buffer 2 115 makes use of the cyclical nature of Buffer2. The
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Blue-Buffer 6 rows x 6 sanples x 10-bits 360 Geen Buffer 13 rows x 6
sanpl es x 10 RblagrekSP TOTAL 1500 10.2.10 Resanple and Cre%:lgA Bgrance
Channel The Resanpl e and Create Lum nance Channel process

responsi bl e for generating the 25 RGB pixel value In nmedium resol ution
space by appropriate resanpling the whitggbal anced and range- expanded R
G and B pl arsddressmapgists of a2-bitcelumn tnprgponant (Bpreseénting vihich.db the 4 cplames shBuld bevead),

addi ti on, { Nona 51645 Vol eprosiifTLf EXAE 120, BK Ao Wi hftorlar el | SbAHIOINT O
62 | um nance val ue | ve | as_ the | um nance

val ues for tH&EH EI"”'@B‘{W in MW%@P“%%FWW&P@B‘PW
use in the Iaegister%epbmmmmmst.ofﬁheddmssmlleddhummdisrmopmodmapsgviﬁuhe RGB
val ue and 3 Lymal ues is 75 cycles. Gven that L is sinply the average of
the m ni num and maxi rumof R G and B for a given pixel |ocation (see
section 3.2.6.1), We Tabfi205kdalWctsés to/BulfePBliiiiing P-Byciesetes for 3 pi xel
coordinatés - the pi Xa;]f Hrgtestrom—and—tire T prxer—above—qnd bel ow. Thus
we have 75 cycl es~l n wvhi ciCyele caljcul Addresthe 3 nedipdate®s REB sanples and
the: corresponding L ja ues. But fleg,t@g L ' val|lw2e-1(and hencg¢ RGB val ues) to
save recal cul ation reqg MR mmam)ry, and— T any ty se, we have
sufficient tinme to gerfe ; Nt ai ns nmedi um
res pixels, but canngt—be ed CMY pi xel s

(i nstead of unshar pendd ROE pixel crcﬁnqarml ingl10 The

resanpl i ng.process carn_be sten as %Léets of RGB generationf each of which
must be conpleted witthin 26 cycllesidfor a tqtesC+tmaxi num elfapsed time of 75
cycles). {he process ¢f gengrati e, L& Srngre fROB valrue can In turn be seen
as 3 processes perfor a T 7 par at |§||_2 the catfcutatTomof~—R] the

cal culation of G and rthe \,éu etHgtH-ea—ef—B—a—fer—a—gi-veh nedi um

resol uti on. pi xel coorc-i-na-t-e..__'l:he_ i Lh of these

val ues can be found i _Sec#fbn 3. |MNopecassit the upshot is effectively running
three | mage reconstrugti on7Rilter|& Rone on edqch channel of |the Inmage. In
the case of the PCP, we peat or mligygge recongtruction wthj5 sanpl e points,
requiring 4 coefficients TTgT ne @TBOT UTTON HELEq! (si CE} one coefficient
is always 0 and thus the—sanpte t—t+s—rot IUqUulcul +5+ Consequent | y,

cal cul ation of theAﬁE‘E EW&%&%B&;"MGAM Icu @@Nfﬁgg{iafﬁ]l&ﬁ% tﬁ:’ﬂs

i mage retsoonstruction er on tTon
. resol ution G"ﬂﬁ"’}@%]’“’f@“&%ﬂ@&gﬂ“ e b an i mage reconstructi on f| | ter

on the G data, and_gcal culation of t di.um resol ution B |xe i
achi eved by runnin§ r °'1‘ye'3?8ﬂs‘{hfﬁrl$f°dﬁ“f ?e{'é}’fﬁ?ﬁ'i't['ﬁgd Bd’l"gs“’mel‘%ugh

the kernels &uﬁergmmmbighmssﬁkermlm The shapeaiprecenimust therefornatall uatil the Bafler Z ol or

pl ane. R and “&Wslhgﬂdyanmbbgcgﬂgnssane kernel due to their simlar |nmage
characteristics, but the G plane, due to the rotation required for imge 20

reconstructi Qﬁ,z.gm,lﬁﬁffeh@.){ﬁ a different kernel. The high level view of the
process can be seen in Figure 53. Address generation is not shown.

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

Buffer 1 Is arranged as 3 separately addressable buffers - one for each color plane of red
145, green 146, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 16 entries are read from each of the 3 buffers 3 times by the
Resampling process 112, and up to 29 new values are written fo the 3 buffers (the exact number
depends on the scale factor and the current sub-pixel position during resampling).
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The resanpling process can only begin when there are enough pixels In .
Buf f ed for woes2essar rent pi xel |ine being generated. Thi sped/Atoedgoishe case
once 4 colums of data have been witten to each of the color planes in
Buffer 1 114. The Resanpling process 112 nust stall until that tine. To
cal cul ate a given col or plane's nedi useresol ution pixel value, we have 25

cycles 25 avai | Hil kuffers must be widenenogh s fhat thet seading, ands witing cam ceur Witkoubpp| y
the 1 D kemfidring wittishe@atothiy. Diingthe readytocess, 4bhaséewmméaeﬂoimlfm%mws Ve

B e e e
coef fi ci entimes{using.3, differentkgrae) pasmosmm MG)EMWD!E 20550
PCT/ AU0010/guifed. If 48 atediickIscafiitg dibscCinGdhe the tnéw IR Ity el réduiréd befdré

I d 4 h f I I I f t ot Iﬁf 20
val ues, an C [,a i nal pixel val ue. or atotal o

cycl es. ﬁw?ﬁ%“*‘?ﬁ%‘%ﬁ%‘éa"“ﬁ‘PZ@%ﬁ&%@ fhe | nput pixels are each 10 bits (8:2),
and kertel coeff r | ring
the 4 steps of _ela%hngéép?\?g elé%”%f"; ?ﬁble ealrgﬁeﬁm?lé" %'é af)'&t ﬁ?'séahr%}ls%% bits
for the reBassportf@mpt31Thus t he same convol ve engi ne can be used when

convol vi ngein x ﬁfbcqreeﬁ pléne nma Afvunaiorﬁu&@uuﬂsszamﬁau@rma& foSatiSnsieh Ge con€

heart of the resa th Convol e Unit 150

Figure 54. The pIal’i %b#)&g ?sﬁ' ﬁ °¥v'o vgisgrfﬂs%?m?“gﬁ'q‘g?n% I n
Tabl e 30. Not e t detmatelpixel s mq_ansthamw"lsa'evle# gre feguitedipey row (worshgage isi4s oot BBuf f er
1 114, and Is ta&%&mee&umél fosBor UbVErRG MY inBR:atdE th SequiremBRDf SRddamdnal Tabl e

30, e 20, L St ks I-ﬁo 30 364yl Bl s o B ' 3
TMP 4 X[ 4] Row 19we|a|a>t@¢l ofB.spivples Net rows7. mfremwr@ for;sipgle sampie\ Fo mxpts}heﬁow 2.
)F? )£]3| R(ZJWTLI\%/P Prxé(l&eﬂofﬁgw pixels fdr &&h x po s'ENPttﬁ?maﬁmﬁb%oinﬁéﬁtiﬂyvﬂlb&Q% Ma,-zvgl 9
TI[\/P 12 X[4] Row 3! g??gﬁwﬂn?%l’d‘g%w %3”’%’%’% h%‘&’%w hslo %F}'{s%ﬁ@g iﬁ%’%f Row
4, Pixel 2 TMP P¥s a@[estfqummoqeudxm'ssse Fegtiont0.210. X[ 4] Row 4. Pixel 4 TWP. -
V4 . The red and blue planes have a A value for Passport of 0.78425, 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 decading to read or write a single 10-bit
sample per cycle. The sub-buffers are summarized in Table 29, and consume less than 200 bytes.

Table 29. Sub-Buffer Summary

Buffer Composition Bits
20 Red Buffer 6 rows x 6 samples x 10-bits 360
Blue Buffer 6 rows x 6 samples x 10-bits 360
Green Buffer 13 rows x 6 samples x 10 bits 780

TOTAL 1500

10.2.10 Resample and Create Luminance Channel

The Resample and Create Luminance Channel process 112 is 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 Sectlion 3.2.5 on page 28. In addifion, the

25
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17 Yf1] Vi*TMP 18 Y[2] V2 TMP 19 Y[3] V3 IMP 20 Y[4] V4 TMP (for output)

10. 2. 10. 2 Gengbaimgasy of L 8 As described In Section 3.2.6. .. @g’%
convert 80 fromRG@& to L for the subsequent 25 sharpeni ng proce

consider the CIE 1976 L'a*b' color space, where L is perceptually uniform
To SUBSTITUTE SHEET (RULE 26) RO AU i WOgP1/ 20550 PCT/ AUCO 01076 -84

convert frommnwvdmegtohmelguaa neawelpm@s)hev&nmmw ﬁd&%ﬂ&mz&ﬂ?he

f |
gg)r(llegm gn oRf a gl ven ?@Jb%gk%%df&" "W@’é%‘@‘g%% ‘med in parallel,

Ki 20 | d bed
here, is 4 oyl s T e 884t skt ROE BRI 31 o 75 Bk AL
set 24 cycl e§m%"P°rP"P'a hewm@mﬂ@mwme@.ﬁwm@a@@nmm@med
Wi thin 25 cy@tmﬁ).weﬂmena&wwﬁmdmmbmmt&am&k AR questionnd iRd ffef

2 115 In the gath dres genera escrl el o sin

8-bit conpar zf?é can promsgeﬁf‘fes |c¥| t"l:% ‘Wﬁ\“&? ?f“&fﬁ%%ﬁé% be
used for 10 a8¢iheiearpeponding Lalyesput s to t he adder, as shown in Table 31. The
division by 2 can sinply be incorporated In the adder. Table 31. Selection

of Mn and Max bas&tfasng lovaluesfandhencnRGB velups) Iomnverzecaloutation rRselres 1o Buth memasy, R G
1 01 G R 0 add & adyxase, We hhvd sulficieht timBtdheherite thBREB Laltds Buffér 4 1PPbNlains Abduntledt ©

Since the ad r th er 1s
ani mpor t ant . PRk At edd ol RudiFirbdhed Oy B IR R omane RO e
choi ce bet weqg2kofbssmpigi | € I Nput2 is "a choice of G and B. The | ogic is
a mnimzation of the appropriate bit patterns from Table 31. 20 10.2.10.3

Address Ganer at i onThéresaiphig@rocess 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 tum be seen as 3 processes performed in parallel: the calculation of R, the
calculation of G, and the calculation of B, all for a given medium resolution pixet 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

5 (since one coefficient 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, Calcutation 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
achieved by running an image reconstruction filter on the B data. Although the kemels are symmetric in
x and y, they are not the same for each color plane. R and B are likely to be the same kemel due to
their similar image characteristics, but the G plane, due to the rotation required for image

20 reconstruction, must have a different kemel. 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 Buffer! 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 caiculate a given color plane’s medium resolution pixel value, we have 25 cycles
available. To apply the kemel to the 4x4 sample area, we apply the 1D kemel (indexed by x) on aach of
the 4 rows of 4 Input samples. We then apply the 1D kemel {(indexed by y) on the resultant 4 pixel
values. The final result is the output resampled pixel. Applying a single coefficient each cydle gives a

25
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TMP (for output)

10.2.10.2 Generationof L 8-

25

As described in Section 3.2.6.1, we must convert 80 from RGB to L for the subsequent
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Col umKernel x = Startxernel X Do M nes tines (however nmany output |ines
there are t ) Kernel X = Col unmKernel X Kernel Y = ely 25
Do 1280 ti neong %eneratePi xel SUBSTI TUTE SHEET ( RULE 26) ng%?%’ 120550
PCT/ AUCQO' 01076 -66 Kernel X = Kernel X + DeltaY (novenent in Y) Kernel? -
Kernel ? + DeltaX (novenent in Y) Cenerghe Pixel Kernel X = Kernel X + DeltaY
(nmovenent i reondert frbte RGBIGL {theliminsateThannBpwe avéragethe eninimum and meimurelifs Gasral x el

5 Kernei X - Lalww@Kernel X + DeltaX (novenent in X) Kernel? - Col umKernel Y
- DeltaY (novenent in X) EndDo Col ummKernel Y = Col umKernel Y + DeltaX
(movenent in Y)  Col umXer nel X==MN(R, G B HMAX(R, Gyt aY (novenent in Y)

EndDo As shown In the pseudocode, the genération of 3 pixels occurs 1280
times. Associated with 10 the generation of each pixel is .2 additions,

whi ch can be perf ' . r 0 ' C

task. Each Gener at %ﬂ%ggﬁa é'gg?’zgég %y%’le%’sg,nd%&%ﬁ%@%gfhmiﬂ%’%’?gg} ¢
cycl es i hidesyries Theetalitime fas the gengralionrof o asdes@ribed Here; |s 4 gyclps Jhis makes thedtal timg pf owed
by 4 cycles dgendeas.%rag RGBE p@ 5612k cybled, witkAlcpaé (3 spare finks Bib prdkes Must be campleted,

fol |l onwed by cles. Note that all values are positive and fractional
only. The tmmﬁ%ﬂff uts fromthe updating of the X and Y kernel val ues
are output to the addres eperat.d.o f I i 5 on
15 page 71 bel ow) .ﬁ?ﬁg'geef%ﬁgfér}’y&%ue%g% gﬁ%lt%/%ﬂ%ﬁ?&‘ﬁ%zgﬂé%.#&%ﬁ t he
particul ar ogedéerntionisgesaibedibalowker nel wr apped during the nmat hemati cal
operation. Wapping can be either above | or below Q, but the resuli is

al ways positive. Vhengefpiearaaiescan ARduce Shits in 3 ayelescwiih cpnsupseguently be used o

Rot at e&\W) t ek &RQMp0E eiinpaidai arshivm it Téble31. Treaivision bk en sinply bejintdmprated
relative np#%‘elabé]’?s fromthe i'mage. 10.2.10.5 Address Generation for
Buffer 1 20 The Resanpler 112 reads from Buffer1l 114, which consists of 3

i ndi vi dual | y addr essaiphite 3108616ct6 of M aridiaebaded sh’3 compasgsoh®r each col or

pl ane. Each buf frer—canmerther—beyead—fTonor WitTET t0 —4dUji hg each
cycle. The readiing MNocess MAX75|lcycRe8 i s| br ®Bn dpwn RPBt o B sets of 25
cycles, one set [of BS B 1 1 »»
) R G 1 0 1
G R 0 1 0
15 G B 0 1 1
B R 0 0 x
B G 1 0 o
a. Don't care state
Since the add merely adds the minimum to the maximum value, the order is unimportant.
Consequently, of the 2 inputs to the adder, Input1 can be a choice between R and G, while Input2 is 'a
choice of G and B. The logic is & 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 fuminance (L) pixels centered

vertically on the RGB pixel. The 3 L values can be written to Buffer2, one each 25 cycles. The R, G, and

B values must be writlen 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 {o be written to), and a 3 bit value representing L1,

25 12,13, 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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cycles for the generation of each pixel. Each 25 cycle set involves 16
reads fromwwofimussel foll owed by 9 cycles with no access.pcBaliossteds | S
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 plane, 25 SUBSTI68UTE SHEET (RULE 26) RO AU WO

01/ 20550 PAPRAPAALSIepsBenergtonineKerpel LaakUP e ation then, invol ves

ti 16 ad f | cul ati the first pixel fall d by 9
STt Cyclas) - gerth BB Syl e Bl fisteit s e sare B drorried ahashiotpeston
(fol | owed [925onmmge 25. Egahikeml,is tulinterisional] with 64 entriescin the table! Bhe Bancatiignifemibsitsf OF
the third p AU ;
Starting BATFErd cbins Rftnablorbollh In 6 lnftkemi3pibe sy g b A5 1 Do kil
gener at ed feopfficiagtsiiably. Forthe fifss 46 cysiss,;the X prdinale |5 ysed tp index the.kemeh, whiladn the pext 41| er
advancessm Tyélespthe Yoadiraterieusatl. Sirik8 thedampl iesyninetric, e sametkemnbiitan beutsed for both XUt

0

bits fr t%gYKernel Address Generation Unit areysed to update these
Buf fer 1. address paraneters. 10.2.10.6 Geen buffer 146' Address

gener ati on 107t e, g iiné 148 Rk v, V't \o BSEICE' pheih L theipinFfnton
complicated than the red sub-buffer 145 a I sub-buffer 147 r two
malm; Ir easoré!. and he piypla ghove F@rﬁ‘?gu He'_?'é Eﬁz}e@é ﬂk@%%ﬁ@ﬁ'ké"ﬁ@éﬁf‘ﬁﬁ&%qw M8t he
CFA. Al t er nadve up aiodown dramitiet canfer piselowengeneratera ek 10 and génpratéTthe wopixalp &1, t he
Thore arot (o2 Sl Mg sedshq pl 1 lshofeta B 16 b6 4 Slter Htel o thil lan 1 70S-
means t he rq?aim'wg'amaﬂ?ﬁ?ee‘h%aﬁﬁ Rels ip e et oufpyt p&ﬂ’ﬁ’ﬂﬂf‘ "'%f‘"ﬁyi ??Ehmsiﬁgg'ge are
still 160 sdiSphegenereted pixels fpeessh atthe 1280 positionsxel | n nmedi um res space, but

there is a higher Iikelihood of advancing the buffer each tinme. The exact
| i kel i hood dependbuswe havea cumehtpositioninjemglspace. Agngagduance fojthe noxtpixeldXorafie of

using a RAMri?aam p@¥dck W ad Hifprdpliaté Beltd FAiGks kothesk Rémd) ERtnatel LobKiRy M0 Bibure 56)€
green sub-huffe évs a 7%er¥g% I3AM tg‘us})aocgl cal arrangenent of 13 rows,
each cont a"l'ensleﬁg’e R LR e P ORS P bet ween RAM addr ess and

| ogi cal position {{.8as i Welf]7 R

represent a _checﬁfﬁgggéﬂﬁa%gﬂpﬁuﬁn 'tgﬁdev_ég—%.(g né%ggg%‘gé%é%énéf‘gg ﬁh?] one
row (e.g. dfokiU@ateandhence e valye of s (ssoSection3.23), For hp greendhpnnghipX SAY 8 H2mPs.

pi xel s,  depRenthe ngy andbiue thanbels, 2 14Tipsiend\AY f 0NSdelTEable st and dablad () @y agpnaprigtet her

or not the ﬁ% en rotated by 90 degrees or not. This is
I 1 lustrat eddal n ﬁga‘?de%& Consequently, when we map a 4x4 sanpling area

?Eéos;rr;gl te)gf s f%ﬁ??g@ﬁer ar eﬂmlde%w?%'gfapggg{%égﬁﬁijade %‘l n. gnOf
whet her th ew%@SWﬁT§¢Wﬁ ddAXtp gﬁp‘éﬂ‘@h?vg 8y ﬁéj)“ %m‘ﬂ g unrat °ﬁ°}%‘3‘s gfegﬁ’ﬁf’%"aﬁﬁan s
t hat even riofem ¥ilikewiserwhen we @tvanteoin Yo weiald AY) to¢ andiX todfrWeogdn de 4his begause odd

rows with Imaemmmhqmﬁgwbm@@deaey both hold odd pixels. Likew se, the
odd rows with Image rotation O will have the sane addressing as even rows

with inage rot attheaddiéss geseation forkenizdlobiub absimes & statingisition selt By sbtwars,iand | S
summar i 2@d g0 4 @PAR antay with PeBect t mdveiért i Vi 'ﬂ&ne?@ﬁgaé."lﬂg addfdi€ 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
Do 1280 times '
GeneratePixel

25
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25 Rotation Current Line Pixels Type O Even Line 8 Odd Type 2 0 (dd Line
8 Even Type lwootbsd] TUTE SHEET (RULE 26) RO AU WO 01/ 2055 &%QMW 01076
-68 Tabl e 32.WBet'er‘m ni ng Sanpling Type Rotation Current Ell,ér::e I'Xel's Type
90 Even Line 8 Even Type I 90 Odd Une 8 Odd Type 2 The actual 4x4 sanpling
w ndow Is the way we effectively rotate_%p_e buffer by 45 degrees. The 45
degree rotation i S necrshdk)- kdheiRlf RetdyV@oven&aNdl 4yNg, as described In

Section 3.2.5 5 Assum pg. for, ﬁ%ﬁeﬂ?‘l ?axt UE &rq,)y need to generate a
single resanple, we consider the buffer addressing by exam ning the.two

types of 4x4 sanpling TRASRE™EL shown in Figure 59. ~Although the two 4x4
sanpling types took si¥arhelk = Rdypel¥|+ Dedra¥nigevepemteid ¥irom t he way in which the
4x4 mapping i S represegdRdyidxdchay Bl ek moRga: Moyre 60 illustrates the
mappi ng of the Type 14x4 sanphing to the green sub-buffer. Only the top 7
rows and right-nost 4 colurms. are_shown _since the 4x4 sanple area is

cont ai ned &hol Iy wit hi FFPHiEs SptemXesg X pnRe i p IPYRgett ¥ ¥l f er pixels to

sanpl e rows for the TyFamaYsabmimnakemed¥ ockedtaY| rovemeny WM | ar, and can be
seen in Figure 61. |guaboth Type | and Type 2 addressing of the 16 sanples

there are two ways Of,QLR68e% NeoidmehAlty PHATSS HoIbheRtl uROWS 1 and 3 of Type
| addressing is the somegérelxat icvle\!xéeégeakibgg% as rocgtssi ng rows 2 and 3
of Type 2. Likewi se, SBFBEEERE Y °7'8 My P W%é”ﬁ ¥ the same
(relatively speaki BfP> as processing rows | and 3 of Type 2. W will call

t hese row addressi g netnods IType A 1(0U and Type 15 B I71, as shown in

Figure 62, Gven a startin osition for the 4x4 w ndow (\w, ndowst artAdr)
and a starting typé® S?W"r'fb'g eﬁ#"ﬁ‘\?{}@ ?enﬁﬁt'%z%&(@f@geﬁfgz%w&’“‘édﬁﬁsmg‘@or
the 16 saffpl die benersiomnes esch aixeigs gnaddiionsalshich cfnf be perfoemed)r duringtht veursencf et s
of 4 sanpl es)eendMiaps W24 GRE task Eadn desidrarifiFR] esmabyg?dw@. oaﬁﬂangef Plelslh cfcle™
the table to.@r.l Vif %t erlhe next saggle omtsm. H’e of fse §A|| depend on
the type (A, 'Bexnghe kgmel yig kerngix:(cosfiiclents Byl 4,3 Y& pesdndedng e kel via ¢
needed t o ar riexelecoeffigients 0,152, 3); fligpled bypwaiticydlesr t he next |line (and nust

t ake account of the nunber of sanple columms). After generating each row of
4 sanples. we 20 shais thatallyalues Fy pesitiveand fraglipral ely. Thectwb cagiy outh frem the mpdating ofig
the gddr SSSG_?_%JXJQMSI_ fe!nfémaﬁleﬁ&léo ut %ﬁhf%ﬂbféene?ﬁon%h@ﬁﬁéﬂ (aleééee?a‘fnqb.bgws@s
pseudocode. e modul o caters. for e c Ical. buffer. -
MNR G 18 "igﬁ\ﬁ%%&“ %)= sﬁ'[“ﬁ'&éf@&?‘%?"ff%ﬂ‘?’ °§X°?.’>‘f18é’ﬂ'él""g" otdites for e

W ndowSt ar t Typ@el wrapped during the mathematical operation. Wrapping can be either above 1 or below 0, but the

result is always positive.

The two carry out bils are also sent to the Rotate/WhiteBalance/RangeExpansion Unit for
use in determining the relative input fines from the image.

10.2.10.5 Address Generation for Buffer 1

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

20

The reading process of 75 cycles is broken down into 3 sets of 25 cycles, one set of 25
cycles for the generation of each pixel. Each 25 cycle set involves 16 reads from Buffer 1 followed by 9
cycles with no access. Buffer 1 is written to during these 9 cycles. The 16 reads from Buffer 1 114 are
effectively 4 sets of 4 reads, and coincide with 4 groups of 4 reads to the kemnel for each color plane.

25

SUBSTITUTE SHEET (RULE 26)RO/AU



Do 4 tines ForN=a to4 Fetch Adr 25 Adr = (Adr + Tabl et TypeAs, N1) .nod 78
EndFor SUBS0 oidissaSHEET ( RULE 26) RO AU WD 01/ 20550 PCT/ ApEfAGibid{drs - 69-

lypeAB . NOT TypeAB Sndno The | ookup table consists of 8 entries - 4 for
Type A 170, and ,4 for Type 8 171 address offset generation. The offsets

are all rel atlve to the current .sanpl es'p05|t|onB§Aar) 5 Table 3& O f set
Val ues for 16- Saljfladdesrpaeneration thepdpvaivesgenerating 4@ pddressysifarcelcyating the firsppiel 1 0

2 14 0 3 @Foliowdd By 9lwait dycibs)]gendrating 18 addrestesTortdiclliting the setdRll siket «dn@ne%yéwaids

Wﬁd-cl)-%fgte Qr #‘%é?“”b?"gg'? ﬁﬁ%gﬂ%éeé%?mp&? %@%K‘%@%’ | !ssq%gt %n ugh Thr ee
16
?ﬁtan?otatezarﬁpg rsgd@(;: o q@”"rﬁigsﬁﬁlﬁ%ﬁlrst E"%secoﬁ%s %tg%ﬁééof 16

sanpl es, t pddressesipee sqaeste# fos gach of the (1280-nogitions plopgthe fines And) asdbrfampler avensest or
The carry mrﬁsne‘lrnemzboWmmmu\mdemm:smﬁwmwa&esc&@nﬂwt set

of 165rrpe r | t.S IHaa tabl e contai ning an of fset
and a 1-bi '?? 5%‘\@9%?$ e%ﬁ 138%%9‘{&0 e w ndowstartadr, and the flag
is wused t q,u“@.e,gger or not to invert w ndowstartType The val ues
for the tag?'iei%afe In Table 34. Table 34. Updating W ndowStart Adr and

W ndowsSt ar t Type Amssa b.?s.dﬁefm %e%%eﬁ%ﬁtw@di 14@&%.%%@ 1364 moré)eBiRplickled) O NO
change 0 gﬁan thle rr]e\{i%{ng- r 14% 4nJ blue sug-buf}er }47%01'%00 r%arir(;j1 e e
. the green channel represents a checkerboard pattemn in the CFA. Alternate lines consist of
odd or even pixels only. To resample the green channel, we must effectively rotate the chan-

19 nel by 45 degrees.

. there are twice as many green pixels than red or b!ue 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 huffer is used for the green
15 channel. The green sub-buffer is a 78 enh_y RAM with a logical arangement of 13 rows, each

containing 6 entries. The relationship between RAM address and logical position is shown in Figure 57.
The samples in Buffer 1 146 represent a checkerboard pattemn 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 68.

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 typeé of addressing, depending on
whether the current line is represented by odd or even pixels. This means that even rows with image
rotation O will have the same addressing as odd rows with image rotation 90 since they both hold odd
pixels. Likewise, the odd rows with image rotation 0 will have the same addressing as even rows with

image rotation 90 since they both hold even pixels. The decision is summarized in Table 32.

Table 32. Determining Sampling Type '

25 Rotation Current Line Pixels Type
0 Even Line 8 Odd Type 2
0 Qdd Line 8 Even Type 1
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At the end. of the third set of 16 sanples, the kernel positions are updated

t o conpensat ewhQimgsaflvancement In X In unrotated input spageyaddlforsi M, a
different notion direction Is produced, so a 25 different offset/ ypeAB

nodi fying table is used. W cannot add these offsets to the current

w ndowst art Adr val ue, because that repreggnts a position two novenents in Y
away from where we waTeblea2. BaterméningRamplingeTwpat . Consequent|ly we | oad

W ndowSt ar t Adr and[™W ncuovvstart rype. Trégm SUHSTT ITUTE SHeEI ULE 236) RO AU WO
01/ 20550 PCT/ AUsO1piRptation. 1o Cumpntitiner 1ot ofl vaPel§l et Tof¥Meart Adr and
Topstart Adr, reprepentdong theEflenrléne entry i t hé&Evemrrent Iypes!  of| 1280. The
two carry &t Rags|framthe Kagdatine addr e 8s neredd)r ay e UiypaR t o fl ookup
Table 35 to deternime—the of fSET op [ Or not
to invert TopSt artTj@ A?‘@@F‘B'P"SW'"?W&%Q? M@bﬁqﬁﬁ%@waﬂa@% of
the green mme45ummmbnknmmwwmwﬂmﬂmmm3u

W ndowst ar& Type for use in generating the next 3 sets of 16 sanples.

Tabl e 35. Updating WMomﬂmmlnnmmnmwmmmwwmt

Carryout O f or adorEiSing by &arﬂimh?ﬂm&bﬁzrbgﬁs onxtﬂsaﬂa ing WihBovs as ShdwndrFiurser t 1 1

13 No change Arter proce55| ng the 1 sets 3 sets of 16 sanples, the
next |ine of 1280 %ﬁéuaﬁmenwmowmfg :ipheloaﬂdmmahoﬁmérheemtﬁmw ihor

t 0 t
Pty T oadedviiarts o srapte i sprespigdin S ik il i 8 lleted 88 3R F el ©
exactly the Typet4pcsnplingte thergren sehuffer  Oniythe top) f rows aRdNight-posh? gakimng,arg é’&""F‘r 0 m

a constant PogiciHaReA\Mmple alel bR RiIned whElly RAlGH thiwareay about which type we are
dealing w,th, since the type depends on how much we advanced. Consequently

we have an initial 8efappirgdPbusferpixels tacsamplel Sivs foethe fge2zaamplieg poassig venysimilae

carry out fla address generator. Since we are noving in
unrotated Y |%§l%rr%ggécngﬁﬁéﬁg&el ogic used is the sanme as for updating

- Wi ndowSt ar t Type,  exg i Typd %.aﬁpééaaa%&.symdq%n%ﬁsaeﬂawmm rdcBsingad.

The.new val ue for Positiono I S co%g F\e&% | %Q 92
wi ndowst ar t AdiP%t W?ﬁ?ﬁ'%%ﬁﬁla%ﬁ“(ﬂpe{ 'F?sfngfs AUVEY SRERKNBRERFTIPITRY The
sanpl i ng procews2 arair3 o Tye 2clikedi2E Progessing jows 2 bdcof Typerids the sagier(relativelyispaaking) e

are enough epfdleq; Pézgwg'll Efd®of Fype B VaEG@Hledl E@iﬁo@%d?e‘iﬁng methods T 8ype A 170 and Type

Rot at e/ Whi t eBal anoe ansion Unit. This wll occur cycles after
the start 1®f %é@hasn"@m"?ﬁ@” ac?ee Sectlon 102.11). 10. 2-10. 7 Red and Bl ue

buffers 20 Buffer s red ffer nd bl ub buffer 147 si npl
2 RAMS accessed as Wc? F'@g ﬁ%ﬁl"grfg’ Eac "g'ﬁ’f“f’g? o) @ ?{ é’g’erm Y
| ogi cal ar r anytwesstarofypd, wenas gensrate-the ardreaten fonthe 46 smqslbéww%aw@m tlaBshi p
bet ween RAM a@Bﬂ r@Ring e td@is R4 sem»ws; WREh wieSresd WRYfitstisampté GHilieave@dd alFeieet ol and
blue, the fi rtﬁe tagilG toséarmglf ﬁ\e tnext samplee E‘o%m&{ ?heaclaﬁ)éﬁmt &B&dtoﬂ Qia% g'r’g L beﬁ ThIhe
offset from the fourth sample is the amount needed fo arrive at the first sample point for the next line
{and must take account of the number of sample columns). After generating each row of 4 samples, we
20  swap between TypeA and TypeB. The logic for generating the addresses for a single set of 16 samples
Is shown in the following pseudocode. The addition modulo 78 caters for the cyclical buffer.
r _ MIN(R, G, B) + MAX(R, G, B)
Adr = windovatartAdru 2
TypeAB = WindowStartType
Do 4 times
For N= 0 to 4
Fetch aAdr
25 Adr = {Adr + Table[TypeAB,N]) mod 78
EndFor
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remai ni ng two col umis df-sanples are not accessed by the reading algorithm :
at this ste@minddte address generation for these first 16pEgigoafarés Si nply

a starting position (in this case 0)

nmodul o 36, as shown in the foll ow ng pseudocode:
SHEET (RULE 26) ROl AU -
times Do 4 tinmes. RAR=NOE®eeAB ) D36 End Do ADR -
t hi s eagbdr ess generation mechanismis different fromthe green

5 However,

channel . Rat her

apply the green addressing scheme to the red and blue channels,

WO 6Bl 20550 PCT/ AUGol ol 07G

25 followed by 16 steps of addition

ADR a Start 7DR SUBSTI TUTE
-71- Do 4
‘ADR + 13 NOD 36 End Do

— | s possible to
and sinply

use di fferent varhedmkiptatidxonsisiif8entrighi4dorTypa A 179, ad 4 fog Type 8171 adu'ésyoﬁsihe

only diff

nodul o 78." Thi s can be

egenétaton! i dffseb @St Siative @ titASirbrit Simgi®

catered for by a si

fwﬂa‘%pl exor.

i'nstead of *addition
Looki ng at the

vari ous, addr ess genaaﬂbanmlvhﬁ&kat&gsmammc&mmuderl ng them as

applled 10 to regamd—tog,—Tt TS appar ent at there is no requirenent
for a Type, sirce]bdiyreABhe [redNand| t heOfsatie hannel s do not need to be
rotated 45 degreepo So that]{ene can| ¢hfely ignfre the Type val ue, the
red/ bl ue equi val efifg—oT_Tapl & 33, Spipown I'n Tablle 36, has two sets of

I dentical 4 entri ps——Fabte v Vatoes for 16- Sanpl e .Addr ess

Gener ati on ( Red/ Bl-se)—FypdAR-MN-SHHspt+—0—0—6—40 16 15026 0313 106
116 126 1393 As with green eration, we nove twice In Y
bef ore advancing {& the next® entryldf 20 1280. For red and blue there is
no scal i ng bet weeptnovenentj i n kerh# space afd novenent in the I nput
space. ¢dhere Is also no rotj@ion. As we nove iIn Y. the AY of 0 is added to
xernei-x (see kernfl§ addre3z gener pgz on 1 n -Se¢tion 10.2.10.4 on page 69).
As a result, the Ctarry—out—fromxermerx—w it —Tow be set. Looking at Table

34,
In

WindowStartType).

the only posgiuRl éha 8fihe e 145 e HbEn bR Wil Bb HesEME1E the ofigihal VS ioaldd o 01

Reading a single set of 16 samples is not enough. Three sets of 16 samples must be read
(representing 3 different positions in Y in unrotated input space). At the end of the first and second set

15

of 16 samples, the keme! positions are updated by the kernel address generator. The carry bits from

this update are used to set the window for the next set of 16 samples. The two carry bits index into a
table containing an offset and a 1-bit flag. The offset is added to the windowstartadr, and the flag is
used to determine whether or not to invert windowstaxtType. The values for the table are shown in

Table 34.

Table 34. Updating WindowStartAdr and WindowStartType

20

KernelX
CarryOut

KernelY
CarryOut

Offsét‘

Type

0

0

0

No change

1

Invert

14

Invert

0
1
1

1
0
1

|

2

No change

At the end of the third set of 16 samples, the kernel positions are updated to compensate for
advancement in X in unrotated input space. This time, a different motion direction is produced, so a
different offset/TypeaB modifying table is used. We cannot add these offsets to the cument
WindowStartadr value, because that represents a position two movements in Y away from where we

25

want to start the movement. Consequently we load windowStartadr and WindowStartType from
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the case of 00, the green solution is no change to either WidowStartAdr or

VI fi ndowSt art this 3 is correct for red and bl ue he case
-?%t‘b‘ifzosgﬁ? . ﬁlgffggoo%‘?o'r%

of 01, we wan 0 add 1 to WndowStart Adr, and don't care abo

W ndowSt art Type. The green val ues can ther ef ore be safely used for red and
blue. The worst 25 case i s advancenent l; i n address both tines,
resulting in ma«eerdfwﬁblagrwﬁtmemo a&h&W‘tpﬂeﬁbnh | i irst efify.in fhaeurrent line

SUBSTI TUTE S end
of the third Eaget Mo S/ & %ﬁ%ﬁ?ﬁaﬁ%ﬁ*ﬁaf%%ﬁ@s%
updat ed.  Si ndaleryjpe the offaebip %MTAPSWM\‘M merrvgmwoverm rfTypeyRs befere, thel
Oﬁt frﬁm Kelr na?*ﬁ%msln{g@é mga&ét%{aa}eaaamwlmbwm zlweem& wﬁ&w}&bﬁgﬁraﬁ I's
shown here In e e, t ha e colum, since Type Is
not Irrportant igge"fg‘ﬂ *A{ﬁga?{i@%”‘f’%& art Adr and
TopStart!| ype (Redl Blue m Vel rryOJt O‘fset 00O
01-108% 1 The pj }“' ALLRNNG rardIByShimpe f s of 3

pi xels to the next.ip tlmmsame QS i(emel rgen. The p0|t|onoAdr will | be the
same for the first spt ©amydyt sappl aryoy qi 98t i nle  10TYR8osi tiJonoAdr = 0

[

S

for red and blue), ahd Type is [rrel ®&vant. | Gendr at i onNaxdhangee next| | i ne
cannot begin until there gre enpugh ganpl .l. I n1Put T effwertRed and [l ue

generation nust starf—at ghe safe tTge as | OTEqF UCTFR OT, —S0_dannot
begin until 128 cycl ps—aft ter +hp ota"t of e I HRe ﬁ%’";scu.” 10. 2. 11) .
10. 2. 11 Rotate, Wi tée-Balance ahd Range-Exbansil t ask of

| oadi ng Bufferl 114 fromt |nvo ves the ste tatlon
whi te bal and '?f% ?I}Fa‘hgng‘? TflOf ?wdgs grﬁaﬁ'g'as 397’ %Eﬁ']e i 1§ ozb‘?'"énd
Section 3. Momﬁmaddfbs of 1B firsUsitnple dor pesitide 0 evithint e nex firfegmust leedeterminedlugincef or
their use by m@@anﬁwsmwamodamﬁ:e%Mpr&ﬁsmn&e%waamm HHee

group of 75 cycl es nmust be able to rea ess,, and ore 6
red pixels, ég"ﬁlpﬁ%mﬁ f@é"ﬁ%ﬂ g Tpriterehregan B8 |"3?§?d @Rﬂﬁg F‘tﬁ‘l%t‘l"”%’ MY st ep
i s undert akenwday!ustem}' Rbpupwhich pe we tareedalpmr\mm.r singe dheptypie depe@iscn haw ich ave

pi xel has beegysRed cBﬁs@queMpe,e%wdamaaioeQO%e Which Mest wmeme&a@wn Ioh tHaust

be white bal anced accordi n e ex S|on

.cal cul ation dmﬂ‘é ﬁ°’§é’8f‘?’5‘?‘| regs hene f‘?& SPFe e mg@'f%'l"&/"'?‘ﬁ‘{%ﬁ%?a ®ngl e
subtraction (lbéioased)s. tharsima asufor i ypHgting 26 83cemaitiyry) exdept thatidaks nisrforged can

specific 1820 GQRSLANS inskB@ Frie! bt Wi PLJlLi%n is! SopRd B hfe Ll BHL,CarfdC -

The red, green and bl ue er wmth the red, green,

t hresh
and bl ue scal B*PERFPLte E%ﬁ?’@""ﬂ@ﬁ%‘?iﬁtﬁ@(}m %5“’% 10 after generating

the histograns for ﬁ:g%amp%ogl r%cégs %Pg v brf 1289 %os’toon fine cannot begin until there are enough

entries in Buffer 1, placed there by the Rotate/WhiteBalance/RangeExpansion Unit. This will occur 128
cycles after the start of each new line (see Section 10.2.11).

10.2.10.7 Red and Biue buffers

- 20 Buffer 1's red sub-buffer 145 and blue sub-buffer 147 are simply 2 RAMs accessed as
cyclical buffers. Each buffer is 30 bytes, but has a logical arrangement of 6 rows, each containing 6
entries. The relationship between RAM address and logical position is shown in Figure 63,

For red and blue, the first 16 samples to be read are always the top 4x4 entries. The
remaining two columns of samples are not accessed by the reading afgorithm at this stage,

The address generation for these first 16 samples is simply a starting position (in this case 0)
25 followed by 16 steps of addition modulo 36, as shown in the following pseudocode:

ADR = StartADR
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| mage Hi stogramunit 8 (see Section 9). Depending on whether the current

pi xel bei op1208%ssed in the pipeline is red, green, or ppriiGee/1bise
appropriate low threshold and scale factor is nmultiplexed into the subtract
unit and nultiply unit, with 25 the output witten to the appropriate
color plane in Buffer 1. SUBSTI TUTE SREET (RULE 26) RO AU WO 01120550

PCT/ AU00101076 P> %3*™%e Subtract unit 172 subtracts the 8-bit | ow Threshol d
val ue fromthe 8-I9i 4 timeage RAM pi xel value, and has a floar of 0. The
8-bit result |Is passed sor i € Mabasspedal 'ized 8 x 8 nultiply unit, which

mul tiplies the 8-Qhtpoval ue by the 8-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 ARG AWt 38 £f action. The multiplier 174 has a result
ceiling of 255,EBd®oi f any bit higher than bit 7 would have been set as a
result zof the MmO pry,theemtiTe 88— bt mteger—resu+—+s set to |Is, and
the fractional part set to 0. 5 art fromthe subtraction unit 172 and

nul tiply unit 1@%%8\‘%{9&@9@ on, fpackanism is difigrept from the grepre clfapmelieRathiesy t he
Addr ess” Geaedeigh twoladlressi imebhehBms; itissosioict Ypply e GréehlaBdrBang sihemé Rltnelrbte UNI T .

The addr i ' Vv el iven cycle, only
one accesg&}é%%"%'cfggts f(r)rﬁy%ge Wﬁgéﬁéﬁk}v@i@%gﬂ‘%ﬁ%ﬁ%ﬁm - Thiy one
access cafPhhdifferensa thep, mgpmes;the addition modyig, 36, insteqd of addioremodujacT8: Ihis arske s Of

16 cycl es cared forty@ sinsple ritiptbixerg Buf fer 1. The actual usage is 3 sets of 25
cycles, with 16 reads followed by 9 wait cycles. That gives a total of 27
avai | abl e cycl ebooking atie various eddr¢ss gerechtiorGlatiiés far, greb), diid Goneitéting théiias apphédns t he
two cOfst {oRbd¥na iS ah dashi | Py f i f

cof nci de it ik f@t‘ﬁﬂé’%ﬁ‘* R shiSngil of o W0 it i o e e,
Gener at i ofi "I 95/1ot 8¢ad teyhp Lotater 45 degracs, 3q Wat yye can safely danpre the TFipe velue. drec onl y
concer nedregblu@ equivalentrofi Table 33, shbwr ib Tehle 36, bas tvdieetsf idettidal Wiesties. he Resanpl er 112
is not reading fromit. Since the Resanpler has 3 sets of 16 reads each 75
cycl e period, ther dabjpds-DffsptVajugs fos §6:Sample Address Ganeration)(RediBlue) t he r esanpl ér
IS not running, we | gad ugy Buf fler | ast| as possi bl e, which
neans a wite to BpHHed n +-4—gach—cyrel-e+-Adaress—1y Ceneration for Bufferl
consequently runs pff a statelnachine that takes t se two cases into
accouq%. Whenever|a val%lie islloaddd frdm | maBeRAM|11, the adjusted val ue
Is witten to the ppprogtiatefcolo” in |BuffeBl ong cycle later. Address
Generation for Bufferl ttherefdre Im3volvds a s1a3ngle jaddress counter for each
of the red, blue pnd green syb-bdURIers.| The gmitidl address for RedAdr,

Bl ueAdr and G eenAgT™TS f ab,h —H-+e in each case, and
after each wite tp—BuH —ithe—addesgd—tlncrenentd by 1, with wapping at
36 or 78, dependi nwuﬂ_ﬁgﬂtten tois red, green or
bl ue. Not all col o itted each 75-cMcle geriod. A columm of green
will typically require replenishing at twice the rate of red or blue, for
exanmpl e. The | difivithigeeeq penecatien, e mova/ivieg injékelnieasivahsing to the nexentypéfor t o

Write20s f280 For red and blue there is no scaling between movement in kernel space and movement in the
input space. There is also no rotation. As we move in Y, the AY of 0 is added to Kernelx (see kemel
address generation in Section 10.2.10.4 on page 69). As a result, the carry out from Xernelx will never
be set. Looking at Table 34, the only possible occurrences are xemeli:/xemeu values of 00 or 01. In
the case of 00, the green solution is no change to either WindowStartAdr or WindowStartType, so this
is correct for red and blue also. In the case of 01, we want to add 1 to WindowStartAdr, and don’t care
about WindowStartType. The green values can therefore be safely used for red and biue. The worst

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

L - L + +
1U al gite Sgar t O
r ! #lha addr ac

>3
ne.
4

p
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Wite to Red Suffers at RedAdr RedAdr = RedAdr + 1 nod 36 25 Else if the
color to wi S@bﬁz"gﬁue SUBSTI TUTE SHEET (RULE 26) RO AU WO é g

PCT/ AU0D01010 Wite to Blue Bufferl at Bl ueAdr Bl ue TueAd +
1 nbod 36 Else If the color to wite is Geen Wite to Green Bufferl at
GreenAdr G eenAdr . GeenAdr + i nod 7 Endi f 10.2.11.2 Address

Generation for | magandUlofRidYerii #5 SipledSrofR @t adcin@ABs Rkt MO beplidtéd, ONS

as. e se ORI o oling AYE0 B35 T e il S Rty Gl s, .2
al | ow edge pmewmmwﬁamammbaamsﬁmwmwmmm
bounds, as ishot impSFRRGor Ned@bitied for such print formats as Passport 31.
10 At the start of each print line we nust read the I nageRAM 11 to | oad up

Bufferl 114 as fast mbﬁmwmrmmmummswwmmaccess to a
sanpl e each cycl e. RegamptiTyg bdm Unly OCTUT [0 ums have been

| oaded, wgi ch neans 5jcol 1% 1or a total of 125
cycles. Plus an extr 5 '* Agwwng : ritten out to
Bufferl 114 after bei n8 i oaded leﬁ] | mage RAM ke the counting
easier, we round up t¢$0128 cycl es$: tycl es, the checking
for the requirenent t¢4load the es for each of the
3 colors occurs each ]

pl es | oaded during
the subsequent 75 cy of whether to | oad

during the first sej ﬁ@‘&"aﬁ@ﬁ&rﬁme@fh%ﬁ%dsaﬁgfaﬁ@ﬁ%tﬁﬂeﬁwmgﬁﬁﬁeaﬁfbﬁb' es
each co

the final 6th colum1 r wth fer t o, be |l ed. At the end
of each 75 cy®©pe B@r?‘tﬁtF*Wf‘FE‘ vl becthe same oL Pe (firsh §ot ofo1h 5%'3#50%' Brovgn IR of
the Kerr@l Adereanaderibatdandibie), e ﬁpsaripleeantxibﬁemon ofthecheatiine candettbegimi ne
I T the next g Hﬁﬁé?ée&ﬁgpia fles ﬁw&fjé&e h@adegeﬁbmdn%dsvam@auﬁ%aaeﬁswe

e process

pul se restarts t Ine if th elyY Out
tag I's set. EG""S?%‘E@“‘E‘&W""P@&S{" "@@&%éﬁ?"ﬁé&ﬂ@egﬁﬁffg g@iﬂé fill
a col um |n Bufferl, we keep a starting position In order to advance to

t he next 'red@2t mﬁﬁewlk&b"%@éﬁmﬁé‘ﬂ“%“ﬂ to aI I ow t he generat i on
of out-of-bounds coordinates to enabl e ed P‘gl xel g ?ﬁnt
color, and i mage \hegstualigsk etioadipgByfert]d4 & E“ﬁgﬁﬁ‘@’g '8 Bétr' n a
particul ar bamriland, brit rargs expansiondt 1, as gescdbed by Section 3.2.3 and Sectlon324 Theplxels

15 must be produced for Buffert fast enough for their use by the Resampling process 112. This means
that during a single group of 75 cycles, this unit must be able to read, process, and store 6 red pixels, 6

blue pixels, and 13 green pixels.

The optional rotation step is undertaken by reading pixels in the appropriate order. Once a
given pixel has been read from the appropriate ptane in the image store, it must be white balanced and
its value adjusted according to the range expansion calculation defined in Section 3.2.4. The process
simply involves a single subtraction (floor 0), and a multiply (255 ceiling), both against color specific

20 canstants. The structure of this unit is shown in Figure 66.

The red, green and biue low thresholds 72, together with the red, green, and blue scale
factors 173 are determined by the CPU 10 after generating the histograms for each color plane via the
Image Histogram unit 8 (see Section 8).

Depending on whether the current pixe! being processed in the pipeline is red, green, or blue,
the appropriate low thrashold and scale factor is multiplexed into the subtract unit and muitiply unit, with
25 the output written to the appropriate color plane in Buffer 1.
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be taken when coordinates are outside the active area. The coordi nates can
ei ther be wefeanessé he 25 Image, inside the inmage, or af twfyideeniod®ge, both
in ternms of lines and pixels. This is shown in figure 67, although the

space outside the active area has been exaggerated for clarity: SUBSTI TUTE
SHEET (RULE 26) RO AU WD 01/ 20550 PCT/ A®XY 01076 -75 Note that since we use
(0.0) as the stafte yprachuytdisublactbpd-bitiovw Fhreshpld yaluasrom the 6-hitinaga fiAM pixek o) so

pi xel and Vvaluecarachas bdlooridoO.The 8;bitsesokt is pashed arst tiyespetialized8) x 8 Snultiphp uhit, whick er nel
tarry outs | ; ] {HAE of Wakt 15 ds are
not requi rgg‘mzﬁﬁgg?g%g%n@%ﬁ g_frﬂ'c%maldlaﬁq Sl %ﬁ?/%%ﬁ??or\n%ﬁé%??#gt e

AdvanceLi ntemsvitare kept, apd-eprogant 8 bils of integer apd 2 pits of feaclion. Thesnyitipliar 1T4has agesut t ant
col ors f or celling of55,30 i Bricbit higherithan &2 7 wokEhavibebh Bétag a résull of theenultiply,2hedntie@dr €SS.
M, of thebi&%%eg;gsmﬁ%ggkoem &g%%%ﬁggar[@yﬁo.to t he next sanple, either on

t he nexh | 'neor on sah®e |'Ine, sanpl'e's coordinate wll change as

t but th ' ' ' ]
or Bt appi ng. ar-oeae i e subcich b 172G kBl UnE P e RERAN P P 1°
repl i cati operformead bycthe)AddressyGeperalae 1 1. waich [§ effpctivgly ﬁ*g state maghing fordhe pnit. The 5| |

print for Neddvese yorerutionI8G6vamed bydtivd faclors: oregiven icyold, bly oriedcouas cdnbe habe © RS as

q : { : ; U 10
oyl y  ovial50p FAM i1 o e oy, i) i Sl cp ol Bl GG g 5 fpatd |
tinme that 2¥cler 3sgisefticyries arg ugedifor sading Byffep). The aclyal usage is@ sels qE25 qygesawith o

when Li neSesieeds folloWed by\0 wai cyciesi Thet gvesa et of 2P enilatid aysles'tbt 25mritess (6xed, \Bblued f or
edge pi xel ggfg !fh%%éagg\P%Q[o %Pﬁiﬁgam%ggedmmtof (8 Whtes io%um%o;nagﬁw out

of bounds coordi nates at val ue can sel ected 1n 1nstead e val ue
stored at tRealbeysiesefitheResampiiii%s. . To. al | ow wrappi ng, we sinply conpare

the previo e (-.0. + 0 | pe.and Pixel with the Table 38. Actions
to Performq%Zﬁpiggéﬁ%?’ﬂUH{?"hryé' 4 Line 15 Ll nea pixeib Pixel Change
Line Change O = +. P 1o ok r..= +Al | = Adr +
APi xel Adr = Adfﬂﬁ-(f&lﬁeﬁ‘g amgiing "ﬁg%s"‘is '5&"&‘?‘9%‘1'_%%'@%""5@%% oo Bfierranif
+ + a. W Nherpiedaneribe Resamplarn 112 isnot isading fad. SipgerheRaspriesihas 3 eotof 4G teads
Act i veEndLies® .75 cyde petidtiothere At 27\0yéiéscavbilable for wiiting Wihenttiecresemvipleis wiot.rurining, we

Act i vest ; , , y . U
0 e S Whnt1o U s 8f fast S HBEMIE i mEls = bl WP 14 Gmcy] cyae ki 1IN
Act i vedBar Berston oy Bufiagl consementy sl of & stelaspagine tiatigkes Iness typ £45¢S e sccpunte o |

t he val ue Wheneveravalue is loaded from ImageRAM 11, the adjusted value is written to the appropriate color in
Buffer1 one cycle later.

Address Generation for Buffer1 therefore involves a single address counter for each of the
red, blue and green sub-buffers. The initial address for Redadr, Blueadr and Greenadr is 0 at the start
of each line in each case, and after each write to Buffer1, the address increments by 1, with wrapping at
36 or 78, depending on whether the buffer being written to is red, green or blue. Not all colors are

20 written each 75-cycle period. A column of green will typically require replenishing at twice the rate of red

or blue, for example.

The logic is shown in the following pseudocode:

If the color to write is Red
Write to Red Bufferl at Redadr
RedAdr = RedAdr + 1 mod 36
25 Else

If the color to write ig Blue
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I f ActweSt.artPi xels Line < ActiveEndPi xel, we call the value'. |If

Act | veEndPi ng ﬁ/zﬁ%ﬂiel’ we call the value W 25 new sensepc¥fietwdit@ sense
is =" we use t%e advancenment as described In Table 38, but when the

ordi nate becones out of bounds (i.e. noving fromO to +), we update the Adr
wi th a new val ue not SUBSTI TUTE SHEET (#JLE 26) RO AU WD 01/ 20550

PCT/ AUOO/ 01076 - 76 Writscth Blwe Zutfedlt 2t BRI ng we keep the start address
for the current |inepsat haiteandr ¢ammaadisance to the start of the next line
Mce the current tine has been generet, we can do the following: |If a
change is In Pixel, and the pixel sense changes fromO to + (Indicating we
have gone past thE BB 51 K3t AMFE™ we replace Adr with the

Li neStart Adr and r epicaeetPpsees Byffexy akcqreerddr St art Pi xel . Line remains the
sanme. |If a change |&eédiad L eeen®dCh i fwed b8 Nne sense changes fromO to +
(I'ndicating we havg.gone past. the edge of the image), we subtract

Del t aCoki #n from Adnr‘1 and replace Line with ActiveStart Line. Pixel renmains
the sone. DeltaCalum is the address offset for generating the address of
(Pixel, Act Augifh tAdaross BorumtoRTor fhageAM veEndLi nel). The |ogic for | oading
the set nunber of sanples (either 6 or 13, depending on color) is showmn in
the fol |l owi ng pseugagdsishe dah e readFin bl 6w loddniations -IrBtated by l0sor 90 degrees (anti-

i | ePixel . adr - Fi | rTse Sid Qbcedsa tHalphRi =
Pi el Sense ( oY Ty G aeE BN &l o8 olishbiine i ool o6 pilar s

Pi xel Sense ( é Line) 1nActive -

( (ol dLi neSen2ddition, weliew edae)pixeleplicationoicnsiani GARE0f FRafS OIS jmagg houpds,gswell as

i NActi ve) ANinideaspping Pduth oarfirmats as Passpitadnt Col or 15 el se Sanple -
Fetch(adr§o Endif Iine - Iline + 1 If ((LineSense(line) - +") AND

wrapl mage) adr. = atthe staibeflcach@oiht¥inewe myst read the inageRAM 11 b ford upBufien 434 gs fast

((Li neSense( | s Bekible, THY Squatddlth & Sifgiekickeds BaI vampié Ghch)oycied Absampig tarronipobdupdrica e

Er.] dif 5 columns have been loaded, which means 5 columns of 6, 6, and 13 samples, for a total of 125 cycles.
Plus an extra cycle for the final value to be written out fo Buffert 114 after being loaded from

imageRAM 11. To make the counting easier, we round up fo 128 cycles.

After the first 128 cydles, the checking for the requirement fo foad the next column of
samples for each of the 3 colors occurs each 75 cycles, with the appropriate samples loaded during the
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.

15

At the end of each 75 cycle period, the Kernelxcarxyout flag from each color plane of the
Kemel Address Generator in the Resampler 142 is checked to determine if the next column of samples
should be read. Similarly, an Advanceline pulse restarts the process on the following fine if the
KernelYCarryoOut flag Is set.

20 Since each ‘read” effectively becomes 6 or 13 reads to filt a column in Buffer1, we keep a

starting position In order o advance to the next ‘read’. We also keep a coordinate value to allow the
generation of out-of-bounds coordinates to enable edge pixe! replication, constant color, and image
wrap.

We consider the active image 180 as being within a particular bounds, with certain actions fo
be taken when coordinates are outside the active area. The coordinates can either be before the
image, inside the image, or after the image, both in terms of lines and pixels. This is shown in Figure
67, although the space outside the active area has been exaggerated for clarity:

25
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EndDo The setting for such variables as FirstSanpl eLi ne,. Firstsanpl ePi xel
and Firstwowreskalr is in the address generator section pd@lvdoRsRonds to -
carry out flags fromthe Kernel Address Cenerator, as well as Advanceli ne
pul ses fromthe MII. The logic for this part of the address 25 generation
is shown in the foll ow.n v})seugocode: -BUBSTI TUTE SHEET (RULE 26) RO AU WO
01120550 PCT/ AlJﬁmB‘beg_ﬁ_“s‘ b Plasdbg $iprLosicoqrdinate generation, MaxRiveband, Maxting)

Fi r st Sanpl @édiso pixétiand tirsi cowrfia iovevtd rsince ddirdsy gerieration’i dincirofn keRRLiciTy Sutd ahd
Forever 5 [ Xer [ t) OR
(count < S aﬁ%om%a%p%g*%{ﬁ?'%égol or?ﬁ‘éﬁ“‘f?@g‘éé&eu 0C 3&%0@63
Bndi f ol dise,aimalrrnfinues yntit dhesAdyapceline pyise, it fpesived.cand may iovolve cerige teplication,

Li neSens e( édnstant Selors foebut nkbounds or (nfete pinel @dpping. AND Ker nel YCarryQut) count - O
10 FirstSanpleLine - FirstSanpleLine + 1 FirstSanplePixel - 0 If

((Li neSgnse(Fi r i Seaipleciniaddrpssraar, of the dUriBntvample,ahd ejant 16-imiodd boitersnigaimpiodr -
Start Addre | m | = Y i bnf

((Li neSensg?E.'rdr"n'reftﬁ%anp' le;Ethdr’le &nﬁfltgk)tﬁ%\ﬁg)ﬁ%l éﬁﬁ‘“ﬁ%’%@'ﬂ'&" nop2¢ mdég'grﬁﬂ eAdr
- Fi r st Li nwayipyhighihe addresg.ehanges fepends aniwhether we; are.ywrapning|agonpd the active image, and

Fi r st Li neSmof bodite eddel pixel répli¢atian wienigsded.y Cut OR (count < 5))

Fi rst Sanpl ePi xel - FirstSanpl ePixel + 1 count --count + 1 If

((Pi xel Sense( Fi r whésathgre dPno whapping of thd Jmatihil.ealh printdagmats ekcoptPdsepontl 31f\cwe =

Fi r st Li neSgdnging el Yo B8l a8 Wedalante ifid of BREIATH blat@h i '

((Pi xel 8en§§l§]F&!ﬁgtsc§§:§Z§Pi ¢el i é&ff‘o'o%f ANDE'(%I dp%gﬁgé"n%s?g%g%dqgﬁ')“

Fi r st Sanpl 82479 simely AAHREATF 2E*BYPEri xel :

10 Looking at Table 38, the only time that ADr changes is by APixel when PixelSense is 0, and

by Aline when LineSense is 0. By following these simple rules adr vo;ill be valid for edge pixel
replication. Of course, if a constant color is desired for out of bounds coordinates, that value can be
selected in instead of the value stored at the appropriate address.

.To allow wrapping, we simply compare the previous sense {-,0,+) for Line and Pixel with the

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

15 Line® | Pixel® Pixel Change Line Change
- 0 Adr = Adr + APixel
- +
0 - _ Adr = Adr +ALine
0 0 Adr = Adr + APixel Adr = Adr +ALine
1] + Adr = Adr +Aline
+ -
20 + 0 Adr = Adr + APixel
+ + .
a. We compare the cumrent Line ordinate with ActiveStariLine and ActiveEndLine.
if Line < ActiveStartLine, we call the value *-",
if ActiveStartLine < Line < ActiveEndLine, we call the value “0".
If ActiveEndLine < Line, we call the value "+°,
b. We compare the current Pixel ordinate with ActiveStartPixe! and ActiveEndPixel.
if Pixel < Acti rtPixel, we call the value *-".
If ActiveStartPixel < Line < ActiveEndPixel, we call the value “0".
¥ ActiveEndPixel < Pixel, we call the value “+".
25

new sense. When the sense is “-® we use the_ advancement as de_sclibed in Table 38, but when the
ordinate becomes out of bounds {(i.e. moving from 0 to -F). we update the adr with a new value not
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Endif Bndif EndDo 25 SUBSTI TUTE SHEET (RULE 26) RO AU WD 01/ 20550
PCT/ AlJOO/OlQ%gwi0 - 102.11. 3 Regi ster Summary There are g obofobs
regi sters that nu

St be set before printing an Image. They are sumari zed
here In Table 39. To rotate an i mage by 90 degrees. sinply exchange the
Del taLine and DeltaPixel values, and pregyide a new DettaCol uim val ue.
Tabl e 39. ReQisséduns des] wasumihgiwe Keep theitarbaddiEas forthe bipdedtrline $& thal wie iean adsance to

Regi st er Nar riREGR ar Ll e imge
Feads to replTeaet gl ingdied B HRaGa5vieh pARIME gy SpBORIRAGNE, | 0 ' TO0
edge replicatton orffaghengsisinPislond e pirel sensrrhangas fros 0 orhfipdicatingwerhave gong past o
ol o (Acti vest ar DB e o o an AR
ActiveStartLineR T Pepling EFIoS P8 $8M% 1 "t he 1 mage in red space (In

rel ati on to |éne 0)ifachangeisizhide,iand:Fe ileserise clangdsifom 0de * (indicating we Havefgone palsle

i mage in red space y Aokl MQSHALLD Betabbibrt rofhdr Sndtiptith LiFOmlARRebERTE
R PRI Ko e i ke
of bounds for the | s diac] _

current address to diPrie), AttieesStatline) fiomdPitel AttiveEndhieect). i n red space Del t aPi xei R
The anpbunt to add to the current address to nove fromone pixel to the
next on the sane | iThelogik for padimytiecset rikmb&of samples {eithere 18, depanding ontcglod) i$ghawm t he
current addre "“W ddoyiba pixel in the last line of the Active | nmage
area to the sgﬁe@tﬁglxe&gn the first line of the Active inmage area In red
space. Const ant Col et s - ' bounds and
UseConstant =l G eéditear FI5FE8MRYbiAfidr essG The address of green sanple
(ActiveSt dPt Pi xel , rivel v RigBsamileMizsl | n | mageRAM ActiveStartLineG The first
valid line for the asuwagerdtBangief® space (in relation to Iine 0)

ActiveEndLi neG The iy Sihed 16 @yt Of bounds for the inage in green space

oldPixelSense = PixelSense({pixel)

oldLineSense = LineSense(gline)

inActive = (({oldLineSense == InActive) AND (oldPixelSense == InActive)})

If ((NOT inActive) AND UseConstant)
Sample = ConstantColor

15 else

Sample = Fetch{adr)

EndIf

line = line + 1

If ({LineSense{line) == “+”) AND wraplmage}
adr = adr - DeltaColumn
line = ActiveStartLine

Elself ((LineSense(line) == “0%} AND {{oldLineSense == *07))
adr = adr + Deltaline

EndIf

EndDo

20

The sefting for such variables as FirstSampleLine, FirstSamplePixel, and
FirstSampleAdr is in the address generator section that responds to camy out flags from the Kemel
Address Generator, as well as AdvancelLine pulses from the MJL. The logic for this part of the address

25 generation is shown in the following pseudocode:
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20 ActiveStartPixel G The first valid pixel for the inmage in green-space (in
rel ati on twopis2esse 0) Actl veEndPi xel G The first pixel owtTAvedmbisds for the
i mge in green space DeltalLineG The amobunt to add to the current address to
nove fromone line to the next In green space DeltaPi xei G The anount to
add to the current address to nove fragm-one pixel to the next on the sane
line in green spase—beltatolurrc—Fre—arpurt—teo—add—to-the—current address
to nove from a PizeefamplePicle= 0| ast | ine of the Active inmge area to the sane
pi xel on the figibedaleriaé = d he Active Inmage area in green space. 25
Const ant Col orG Green color value to use if address out of bounds and

UseConstant 1 [T L - 01720550
PO/ AUGD 01076 Firdtagtemt ’3‘9{.!';5??"?3_%% S;#pé%@pﬁgagﬁ?;rebe%gttégd%g’set by Caller before
Printing Regi sP®P*Rate Description ActiveStartAddressB The address of bl ue
sanpl e (ActiveSpaFemiexei , ActiveStartLine) In | nmageRAM ActiveStartLi neB
The fifst valid | ingubainichaytuinoR (MiahdefeSmh GermaT¥chtyGit) OR (bdnt kng) 0)
Acti veEndLi neB The %jﬁ%;mupf&qhipfcom%gé tRE phiBododP@SwiyN bl UE space 5
AcliveStartPixel B The first valid pixel for the Image.in blue space (in
rel ation to pixel ®8f Adi veEndPi xel B The first pixel out of bounds for the
| mage | n bl ue spae¥PixelsepsseBixpiiensnibiratSarieRigtel)t o t he current address to
nove from one | i nedbinebdage = néneiSensn (R3karganppdde) Del t aPi xel B The anount to
add. to the currept RAM-E55 hd RRMEvELPBuONE pixel to the next on the sane
line In blue space DeltaCol umB The anmpunt to add to the current address to
nove froma pixel In e last line of the Active inage area to the sone
pi xel @n the first Firpreamielipg,z FARAEPRPRILN B Yarea in' bl ue space. 10
Const ant Col or B Bl ueFicetsemplerdkale= Po use if address out.- of bounds and
UseConst ant =I Wi | e Bakmaéce antbeSdpprpeidex pamstiompRaapmmeder S RedLowThr eshol d
8-bit val ue subtract egl fbdpilrd P WaMAddiEss G eenLowThreshol d 8-bit val ue
subtracted from greenF.i“rJ%yt \{_gleueg\c Bl &e&gyv‘l;hreshol d 8-bit value subtracted
SRR :

ivVe
from bl ue I nput val ues or I't scale factor used for range

expansi on of red pi X&P¥ CreFrEeHFEEaAreelyehit "A0aR PLdecentesa Yo range
expansi on of green piXaebEineBimglefdn  FRratLines@plehdr s Paltalibact or used for
range expansi on of #awe pixels 15

FirstSampleAdr = FirstLineSampleAdr
ElseIf (KernelXCarryOut OR (count < 5))
FirstSamplePixel = FirstSamplePixel + 1

15

count = count + 1
If ((PixelSense(FirstSamplePixel) == “+*) AND wrapImage)
FirstSampleAdr = FirstLineSampleAdr
FirstSamplePixel = ActiveStartpPixel
Blself ((PixelSense(FPirstSamplePixel) == *0%) AND (oldPixelSense n=
20 *0”))
FirstSampleAdr = FirstSampleAdr + DeltaPixel
EndIf
BndIlf
EndDo

25
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11 REFERENCES [ 1]
Consur nabl es o beessal | ver br ook Research

Si |l ver br

ook Research, 1999, Authentication of

1998, Aut hent i catpcamuohronze

20

Al t hough the i1 nvention has been descri bed with reference to specific

exanples, it

be enbodi ed in many other forns. The f ol i ng

will be

appr

t hat
nunber ed paragraphs

eciated, by those skilled in the art,

it may
provi de

t he addr essedaoanti.h Rngfstershmariyndi cation of the scope of the invention,

al t hough ot her

wi |
26) RO AU W c)
Bayer

the method i iRefAFEelgvesmandpreide 2 pew

sequentially
an i nteger

novel

sanpl i ng

5 qgreater

P%'Fﬁ‘r?] "a;’ﬁ'e gre

and I nventive features and conbi nati on of features

al so be dear fih@enateha nutdhes of egisters thatamust be st heforgnming ey el E
sutitharzO e ﬁ@!ﬁrﬂm R/ b M&wlseuéareé sirfply SxEHaRgh thoDenatRadniNg 2
| mmge having two di nensi onal green and bl ue pixels,

en plane by 45 degrees;

faﬁggb-q&amspe&(ﬁ%um&’ﬁlﬁegéﬁE&%ﬁlﬁr&ﬁﬁ%ﬂhﬁge AR
determnirfg & §§ggrigﬂ,mnﬁdd ess for a first wescrfplién sanpl es and theregafter
appl ying a pf ALi%E; ﬁﬁé'f edSeqUence of Of fSers 1o obtain the agldresses
of the renaihﬁ*ﬁhc e e' aree i L he step
of determnir Tig{mpgereads to i e
rotational ofiUseRonsterdn of { K& ‘W“T‘ﬂ?gfége 'I@'@“‘?(“Fﬂ??’ﬁ%m%' : r‘?!jt : iﬁ'a%ﬁ &ima1l or
claim?2, whetein m= 4 and r t ffsets. 4. An apparafus for
sanpling a Bj | ' 5} ?cﬁ"rﬁ'&% and
bl ue pixels, |(Re® apparatus including. lnput means for ratating reen
pl ane by 45 (agiveStartAdgessRe$ %WMMMFP'%MW%% M@ﬁﬁﬂrﬁg’ an mx m
pi xel blogk of the ot at od | ASERAM where mis an integer greater than 1;
addr ess ntang ActveStatlingRdi N () Therfirst dalid dinedortiverimagedn ned space it relation o lige®er il ni ng a
starting 15 [adfeBdbindRO" 2| TThe it Ik out of Goundstpd thesimagedn teliegaealf t er appl ying a
pr edet er mi neq L TEEPHEI ST Thdirst valld potal for tHe Wnage indbd spadainditionto paal 0pT | t he
etorminy n;a{ cIVeEndPpxel ﬂalﬁg%mmﬂh&vmw ol e ggaf)f
orientation diefatbeR pge. ¢ Thegmay f‘l@ %’E%?@feﬁﬁmf'}?‘"’cm%?'lf‘eé"r fai m5
wherein m= 4_and there arg® CL
DeltaPixelR | The amount to add to the current address to move from one pixel to
the next on the same line in red space
15 DeltaColumnR The amount to add to the current address to move from a pixel in the
last line of the Active image area to the same pixel on the first line of
the Aclive image area in red space.
ConstantColorR Red color value to use if address out of bounds and UseConstant=1
Green
ActiveStartAddressG | The address of green sample {ActiveStartPixel, ActiveStartLine) in
ImageRAM
ActiveStariLineG The first valid line for the image in green space (in relation to line 0}
ActiveEndLineG The first line out of bounds for the image in green space
20 ActiveStariPixelG The first valid pixel for the image in green spaca (in relation to pixel 0)
ActiveEndPixelG The first pixel out of bounds for the image in green space
DeltaLineG The amount to add to the cumrent address to move from oneine to the
next in green space
DeltaPixelG The amount to add to the current address {o move from one pixel to
the next on the same line in green space
DeltaColumnG .{ The amount to add to the current address 1o move from a pixel in the
last line of the Active image area to the same pixel on the first line of
the Active image area in green space.
25 ConstantColorG Green color value to use if address out of bounds and UseConstant=1
Blue '
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Table 39. Registers Required to be set by Caller before Printing
Register Name : Description

ActiveStartAddressB | The address of blue sample (ActiveStarlPixal ActiveStartLine) in
imageRAM

ActiveStartLineB The first valid line for the image in blue space (in relation to line 0)

ActiveEndLineB The first line out of bounds for the image in blue space

5 | ActveStartPixelB 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 addresstomovefromone 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 spacs

DeitaColumnB 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 biue space.

10 ConstantColorB Blue color value to use if address out of bounds and UseConstant=1

White Balance and Range Expansion Parameters Co
RedLowThreshold 8-bit value subtracted from red input values

| GreenLowThreshold | 8-bit value subtracted from green input values
BlueLowThreshold 8-bit value subtracted from blue input values
RedScaleFactor 8-bit scale factor used for range expansion of red pixels
GreenScaleFactor 8-bit scale factor used for range expansion of green pixels
BlueScaleFactor 8-bit scale factor used for range e'_xpanslon of biue pixels

15
11 REFERENCES
1] Silverbrook Research, 1998, Authentication of Consumables.

(2] Silverbrook Research, 1998, Authentication Chip.

20 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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We claim: -80-
1. Amethod for sampling a Bayer image having two dimensional planes of red, green
and biue pixels, the method including the steps of:
rotating the green plane by 45 degrees;
sequentially sampling an m x m pixel block of the rotated image, where m is an integer
greater than 1;
- providing an address for the m? sa;nples by determining a starting address for a first of
‘the samples and thereafter applying a predetermined fixed sequence of offsets to obtain the

addresses of the remaining samples.

2. A method according to claim 1 wherein the step of determining the starting address is
responsive to the relative rotational orientation of the image.

1 3. Amethod according to claim 1 or claim 2, wherein m = 4 and there are sixteen offsets.
0

4. Anapparatus for sampling a Bayer image having two diménsional planes of red, green
and blue pixels, the apparatus including:

input means for rotating the green plane by 45 degrees;
processing means for sequentially sampling an m x m pixel block of the rotated image,

where m is an integer greater than 4;
address means for providing an address for the m? samples by determining a starting
15 address for a first of the samples and thereafter applying a predetermined fixed sequence of
offsets to obtain the addresses of the remaining samples.

S.  An apparatus according lo claim 4 wherein the step of determining the starting
address is responsive to the relative rotational orientation of the image.

6.  An apparatus according to claim 4 or claim 5 wherein m = 4 and there are sixteen
offsets.
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