WO 01/ 20547 PCT/ AU00O/ 01073 METHOD AND APPARATUS FOR UP- | NTERPOLATI NG A
SAYER | MAGE ggaleg)?& | NVENTI ON The present Invention relates to a nethod
and apparatusS™f “b- i nterpol ating a Bayer Inage. The In Y88 %4s been
devel oped primarily for a digital canera Including an Integral printer for
provi ding a paper print of an Inmage captured by the canera and wll be
described hereinafter wwth reference to that application. However, it wll
be appreci at ed MFEIHODANDABRARATUS FOR UPAINTER TINGA BAXERIMAGE field
of use. CO PENDI NG APPLI CATI ONS Ref erence may be had to co-pending
applications claimng priority fromAustralian 10 Provi sional Patent

Appl i cation nunber P890 dated 16 SR i—&?@ The co- pendi ng
applications describe rel ated nodul':eﬁgﬁtand nlaEFho s for inplenmenting the
conpact printer sy$henmesentinventioreigten tdiampthap prid apparstenfor upfintdrectpling aRayerimagseus| y
to the present application, are as follows: International Patent

Appl i cation No. Refheinentiomhad heemfeveioned ptimasily fP@pioialcanam bdsinpaptegwbarnled and

%fﬁr gt us 1 Ofor B’fwflm g@eﬁ{ghm ant FrfdGR &Kﬁaﬁaeﬁ thb e aria@g%é&%a%g@z‘%mw% hod
od an arat us. for Sharpening, mage . P o]
And Appar at oEHEES e P B ER P gL SRR S RORIGH A AT RIRG (o
a first aspeeptrtiokr fieldefuseventi on there i s provided a nethod for
interpolating a Bayer image of red, green and bl ue pixels froman input

space to an out put space, the nethod including the steps of: receiving the
Bayer inmage; and 20 nmappi ng eadO-BENDRG ARFIJEATIONSt he out put space in

AR e S (Ber R ePa peiP rsies MBishide iR g W87 e
coor Icli nflth i ﬁ;;z@abg@}sm Afﬁeaﬁ&i@}d:;wbz;;ﬁq Hiated otfr §Pmb§;£ﬁ99e hige| ‘F?pﬂﬁﬂd:tfgpac e d
nps |'s the nugpietiordbedRieqbifted Modulke a s BPRglemEti theRitpad PAGE sRRAPTR, an
k1.2 are eit Q&-{Seﬂ?ﬂé&? z%:pgl-}]cgﬁogs,(apeg %r%laﬂ&uéi? io‘ih%%reggrlt Qgpﬁc%@oqu érg'gs &%&LI’ ed relative

rotational orien

International Patent
Application No. Ref. No. Title of Invention
PCTIALUDOO1075 PCP01 | Method and Apparatus for Producing Print from a Bayer Image
PCT/AUQ0/01074 PCP0O2 | Method and Apparatus for Sharpening An Image
15 PCT/AUGD/01076 PCP04 | Method and Apparatus for Rotating Bayer images
SUMMARY OF INVENTION
According to a first aspect of the invention there is provided a method for interpolating a
Bayer image of red, green and blue pixels from an input space to an cutput space, the methed including
the steps of:
receiving the Bayer image; and
20 .
mapping each of the colors to the output spacs in accordance with the following:
= (Z)+h
mp
= ..L. 3 k
y ( mp 2
25

where:

SUBSTITUTE SHEET (RULE 26)RO/AU



of the image. Preferably, for the green pixels in the input space, each
ordi nate of Lhauhist space is nmultiplied by 11J2. Mre ﬁ@ﬁiﬁﬁﬁ%ﬁg, for
the green pixels in the input space, each coordinate of the Input space is
mul tiplied by 1142. According to a second aspect of the invention there Is
provi ded an apparatus for interpolating a Bayer inmage of red, green and

bl ue pixels froman input space to an output space, the nethod i ncluding
the steps of 10 receiving the Bayer inmage; and mappi ng each of the colors

to the output spa i [ ewtih the followng: x'=(._)~ki M 15y’
(rmp) +k2  where: x?‘&isltge%%@%ggg’%oﬁ%{eﬂ’?cﬁ'the out put space, x'y' is the

coordinate in the j ) ; I .he nunber of pixels in the output
space per input sﬁﬁgHé?ﬁ@é}g{%ﬁ%ﬁ%s%c%’ 2 are either 0 or -0.5 dependi ng
on the color and t S| ' .00 | LE [ of the

i mage. Preferabl y.rpp_gc’)sr "[W@S%roF g’ir?g?)'%%ﬁ%‘l"&p%}%E%Eﬁ)%}fﬁé\uﬁ)%{a&s%é@é’,aggach ordi nate
OT t he ' nput spacg '2§re emémﬁr%.ﬁg%em% %&%'wlmﬁgﬁgaéfr&f u@Qththaftia‘rai 5r£ﬁtatﬁﬁeen
pi xel s in the inpuf-*Space, eac Gor di nate of the I nput space IS

mul tiplied bjtheimi@e. 25 SUBSTI TUTE SHEET (RULE 26) RO AU WO 01/ 20547

PCT/ AUCO 01073 -3 Brief Description of the Drawi ngs Preferred enbodi ments
of the invention Vir¢ferabhefor fte greescielsde F"EUWW%f%gk%fﬂ'ﬂ?%%'ﬁ? JPuliirace is
reference t aniitpedbohheWMoRhrad@any, jopthé GBengi@is i e inpRiSspadel, €ach booﬁii@f tﬁ&f #e Ap@h

| evel imge f - . Fig. 2 shows a block diagramof the PCP in

i sol ation. qgg‘%%g'gjltﬂpk%ﬁ%\iga bl ock di agram of the PCP connected to Printcam

hardware. Fig. 4 A%&Qé?@ t@?] é?xﬁ%%bﬁ%(ﬁ%@%ﬁ?ﬁdé%%ﬂ&% gns?_lpgaétngf‘éﬁmgrgﬁaﬁng

arrangenment of segnents | prin ] ows the arrangemant
of nozzles IMPEBEI 9fuipHh Breas 275\ Plie Biel§romy andpput spepglo ap aulpyhfpagen he metho
arrangenent isdudingthzkiessdfn a pod, nunbered by | oadi ng order.

10

receiving the Bayer image; and

mapping each of the colors to the output space in accordance with the following:

(f;s) +ky

15 y’=(;§v5" tk

X

where:

X,y is the coordinate in the output space,

x'y’ is the coordinate in the input space;

mps is the number of pixels in the output space per input space sample, and
20 kq pare either 0 or -0.5 depending on the color and the desired relative rotationat.orientation

of the image.

Praferably, for the green pixels in the input space, each ordinate of the input space is
multiplied by 172, More preferably, for the green pixels in the input space, each coordinate of the input
space is multiplied by 142,

25
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10 Fig. 8 shows a chronopod. Fig. 9 shows a podgroup. Fig. 10 shows a

phasegroup. wolidraskli shows the rel ationshi p between segnmerdcayadobAfgs 0UPS,
phasegroups, podgroups and chronopods. 15 Fig. 12 shows AEnabl e and

BEnabl e pul se profiles during the printing of an odd and even dot. Fig. 13
shows the orientation of print formats based on the CFA image. Fig. 14
shows a bl ock diagram of the |Inmage capture chain. Fig. 15 shows the
arrangenment of pixels in a Bayer CFA 2G@nosaic. 20 Fig. 16 shows the

| i neari ze RGB process. Fig. ]ﬁﬂ%g%\é%ﬁjét%% @hﬁ?ﬁH@ﬁ%sRGB process. Fig. 18

shows a bl ock di agram of the 19 shows a sanpl e
col or range for ®redénedlembadirhents optha ineentiéri wjlil nd(bedesaniBed, byewaytotoampla vy, wikl i n

white bal a i ig. 21 shows a bl ock di agram of
iafiR o HERARAEIRANRA R riars

apparatus capa al ance and range expansion.

SUBSTI TUTE SHEETF(ngH;wgg?‘@%W AR5 #ERPCT/ AUCTY 01073 -4 Fig. 22
or plan

shows the various co e piIXxéls in relation to CFA resolution. Fig.

23 shows the eff QbR i W e PP Eh ihadae by 45 degrees. Fig. 24
shows thg di stan?gf)gio\’\vée%ra{rﬂéo&t%{aed pi xel s |f or the green plane. Fig. .25

shows the process;4 sHEae R bidk didgiRTER the PCR coHAb&édb PAntéshihardnaee L0 rotated CFA
5 space. Fig. 26 shows a bl ock diagram of the sharpen process. Fig. 27

shows the processig, Hyiw¥8d-inch MBingtpriphess. fi |l tering a single |um nance pi xel
with a 3 x 3 kernel. Fig. 28 shows the transformation in conversion from

RGB to CWY. Fi g.Fig28siolve ke afangurtdns bfaagnieniiin K:6shah printh@ddy by trili near
interpolation. 10 Fig. 30 shows pixel replication of a single pixel to a 5
X 5 block. Fig. File stoesthearririgercént ofinazpiea in agfodrivenbéred fy-Rxiomerdey. pr ocess. Fi g.
32 shows the process of reformatting dots for the printer. Fig. 33 shows a
bl ock di agram of Fida& sHowa the auangementofinaiztes inE ped. nemberpdiydoagdingprderk di agr am of
the I mad® access unit.

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.

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

dot.

Fig. 13 shows the orientation of print formats based on the CFA image.
Fig. 14 shows a block diagram of the image capture chain.
Fig. 15 shows the arrangement of pixels in a Bayer CFA 2G mosaic.

20 Fig. 16 shows the linearize RGB process.
Fig. 17 shows the planarize RGB process.
Fig. 18 shows a block diagram of the image print chain.
Fig. 19 shows a sample color range for a single color plane.
Fig. 20 shows the steps involved in white balance and range expansion.

25 Fig. 21 shows a block diagram of apparatus capable of performing white balance and range
expansion.

SUBSTITUTE SHEET (RULE 26)RO/AU



15 Fig. 38 shows a bl ock diagram of the image histogramunit. Fig. 37
shows a bl oc | mof the printed interface. Fig. 38 shoygy | ock

di agram of t SWR/IZ%Q‘Z,[ interface. Fig. 39 shows the generation dggaﬁ,&%nabl e
and BEnabl e pulse widths. Fig. 40 shows a bl ock diagram of dot count

|l ogic. 20 Fig. 41 shows the interface of the print generator unit. Fig. 42
shows a bl ock diagramof the print generator unit. Fig. 43 shows a bl ock
di agram of the test pattern access unit.,_ Fig. 44 shows a block diagram of

Buf f 5. Fig. 45 sh bl ock di 1 0f Buff. 25 Fig. 46 sh
b:JocErdi agrlagn of tiﬂeg{\%\"g’f'5?%’P%‘%‘?’gqr'-&pﬂ?%ﬂ@yelf’ﬂ%’r’?eé%ﬁﬁé‘fm%?ocessts one e
SUBSTI TUTE SHEET (RU 26 U 1/.20547 PCT [ O1073 -5 Fig. 47
shows how to map ]S'J,ﬁq)kfﬂ‘fig%g??&@ﬁfy\gfﬁg e%%ﬁ"lpg%@%ggéq%gered di tlhgr cell .
Fig. 48 sh bl i n of Co t t | Fig. 49
slhgws a ;I g\é\sk gi agf?gg%q %\I"e%h?a?%gmﬁgg\?—”ieﬁ .mq%%;ps eg\%mg%ﬁ% ?:'%F\iogﬁ-s;assl gpati al
filter using a 3 )%13 g rnel.. 5 iog. a‘PSP?" sr't'bg 2 L,‘B% d .Fﬂ% Shtatcl BFA
%3 g’ﬁ’ eSS TERUr o¥}§e§u¥' er i g. %g]'

sharpen unit. Fig. € struc e shows "a bl ock
di agram of5 t$paceResanpl e and Create Lum nance Channel process. Fig. 54
shows a blFock di agram of the Convolve Unit. Fig. 55 shows the order of

pi xel s gener at ed ffig?§ shaws 7 blieckgiegiam ofithe shamgen MEeows novenent in x or y in
rotated and unrotated space. Fig. 57 shows the address of entries in

Buf fer 1's green dJimb2hibpyeipe prpgegs inwhedin fighrash litefing 23Nl HotiapcepEp\idRA g P een
entries depemglent on rotation. Fig. 59 shows 4 x 4 sanpling of the green
channel. Fig. 60 shows 4 x 4 green sanpling type 1. 15 Fig. 61 shows 4 x 4
green sanpl i ng t y[fg. 28 shewgthe Béhsfolmstian i ¢pavarsioy iepReS toEMY.ow addr essi ng f or
green. Fig. 63 shows the addressing of entries In buffer |I's red and bl ue
sub-buffers. Fi g.Fig29 shheweenyarionfiomfGCBIGCMY pytilisgarintaepiatien: cal cul ating first
pi xel . Fig. 65 shows the overl apping worst case 4 x 4 reading from blue and
red buffers. 20 Fiigy30 gewspitshisristion sfasingle a9 A HIS 9 rot ate, white bal ance

and range expansion unit. i )
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.

18 Fig. 36 shows a block diagram of the image histogram unit.
Fig. 37 shows a block diagram of the printed interface.
Fig. 38 shows the block diagram of the Memjet interface.
Fig. 38 shows the generation of AEnable and BEnable pulse widths.
Fig. 40 shows a block diagram of dot count logic.

20 Fig. 41 shows the interface of the print generator unit.
Fig. 42 shows a block diagram of the print generator unit.
Fig. 43 shows a block diagram of the {est patiem access unit.
Fig. 44 shows a block diagram of Buffer 5.
Fig. 45 shows a block diagram of Buffer 4.

25
Fig. 46 shows a block diagram of the Upinterpolate, Halftone and Reformat process.
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Fig. 67 shows the active inmage area within the generated coordi nate space.

| OVERVI EWWB aikils4PCP 1.1 H GH LEVEL FUNCTI ONAL OVERVI EWptheathihiarsam
Central Processor (PCP) possesses all the processing power for a Printcam
25 and is specifically designed to be used in the Printcamdigital still
canera system The PCP 3 connects to an image sensor 1 (for inmage
capture), and a Menjet printer 2 for imge printout. In terns of inmage
SUBSTI TUTE SHEET (RULE 26) RO AU WO 01129547 PCTI AUCDI 01073 -6 processi ng,
the PCP can be tWmho%hd%ﬁohﬁbﬁanrhgﬁﬁaf@dﬂﬁér@él%dQ%mbdéPeQ% of kM capture to

printout, as shown in Figure 1: mage Sensor I's a i mage

sensor, which capigligshons 0% dieorbRPnECEWeR REB to cHVSrodedBge Sensor is the
| mage | nput device. The Printhead 2 Is a 4 Inch Iong 1600dpi Menj et

printer capabl e Gg g indivd 8 6lodkiabRmAfBGRIRr S: cyan, magenta and yel | ow. The
Printhead is the inmge output device. 5 * The PCP 3 takes an inmage fromthe

| mage Sensor 1. [HQs@sHsRSa bdsic iR Passepsial titasihg #8kskanan of the image to the
Printhead 2 for printing. Since the Inmage Sensor | captures in ROB and the

Printheag 2 pri ntrg. 59sholda bibdkiabiam ofthawsapeh ksl ate from t he RGB col or
space to the CMY color space. The PCP 3 contains all of the requirenents
for the internediry. s2 $hoRghe pructureceBaffeny, | ncl udi ng white bal ance, col or
correction and gamut napping. image sharpening. and half toning. In

addi tion, the PCHig35Tshows ablackidiagraméthe ResagpleandCrastd L@nitanceCliannel progesacess,
provi di ng support for a variety of image formats. The PCP 3 al so contains
interfaces.to al IRigas4shoexpbipck digaramiofihe Cenvgive Yritot os, conpl ying with t he DPOF
(Digital Print Order Format) standard. 1.2 H GH LEVEL | NTERNAL OVERVI EW
The PCP 3 |s desifig8%shows theomensf pixals aeneraied g e $cePPrni cr on CMOS pr ocess,
with apBroxi mately 10 mllion transistors, alnost half of which are flash
nmenory dP stati c FigaRR shews Sovemgptdn ¥ 5 y injAtated endHRfolAled $pCR- of 16mMme2. The

esti mat ed nanuf acturig‘%gcost is $4 int ge%%e,ar 200# %he PCP 3 is a
rel atively strai gt POTRAT e awlasy pf eningi~ BT R 9BPT YPPYPEN be reduced by the
use of datapath jlation 5 techni ques croceil | P cores. The
PCP 3 cont ai ns: CF%@%W"%’%@ &'%’ﬁﬁ%?’%% rrﬁeP §Ti'e rde%e(r)"rjeé‘ ﬁﬂoa{;&iTI 5 MBytes of
mul ti-level Flash, - QE ﬁ * A CMOS | nege Sensor

lijé' Eéa'QJn o%sﬁ 24 pE[‘ é?éhe%?ée# ):hf 1.

Interface 98 insi mage ni t * 16 KByte Flash nenory for

program storage Iy sdlsHskyh £4 dampiyp@nam vari abl e storage 14 The PCP 3
is Intended to run at a clock speed of approximtely 100 MHz on 3V

externaligy 20 angh. &1 sheéws Mk £ bread darplirf typeRi M ze power consunption. The
actual operating frequency wll be an I nteger
Fig. 62 shows the two types of row addressing for green.
Fig. 63 shows the addressing of entries in buffer 1's red and blue sub-buffers.
~ Fig. 64 shows the first 16 samples read for calculating first pixel.
Fig. 65 shows the overlapping worst case 4 x 4 reading from blue and red buffers.

20 Fig. 66 shows a block diagram of the rotate, white balance and range expansion unit.

Fig. 67 shows the active image area within the generated coordinate space.
1 OVERVIEW OF THE PCP

1.1 HiGH LEVEL FUNCTIONAL OVERVIEW

The Printcam Central Processor (PCP) possesses all the processing power for a Printcam
25 and is specifically designed to be used in the Printcam digital still camera system. The PCP 3 connects
to an image sensor 1 (for image capture), and a Memjet printer 2 for image printout. In terms of image
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mul ti pl e-of the Printhead operating frequency. The CPU 10 is Intended to be

a sinple mcro- oller style CPU, running at about 1 Uﬁ@; t he CPU
10 and CMOS ég%@gﬁg%nterface 12 can be vendor supplied c%@. |187l]?'re 2

shows a bl ock diagramof the PCP 3 in isolation. The PCP 3 is designed for
use in Printcam systens. Figure 3 shows a bl ock diagramof the 25 PCP 3
connected to the rest of the Printcam hardware. SUBSTI TUTE SHEET ( RULE

26) RO AU WD 01/ 20547 PCT/ AUO0O/ 01073 -7-62 PRI NTHEAD BACKGROUND The PCP 3
is specifically designed to connect to a 4-inch (10-cm Menjet g)rj nt head 2.
The  pri nt hebmcessings the SER casbetheighic! af paing his fraRsiaior of ina yre JO PREK: B de
printed | magehowhinpufe having to be noved. Instead, paper 20 Is printed on

as it noves past the ,printhead.2 h ' ' CEAYRER; OF
2INCH PRI NTHEAD SHEA}&)’HQ"ZQ-’Fﬁ?!ﬁ iR ?'ﬁ@ﬁ%"aagg\ge“%%’n{'@%”%ﬁ% %%géarrent@ ";e%’g#
segnent 1/ 2 an i ncTtheiimadeciegiohis theiedge ipput deving. segnents 21 prints bi-I evel

cyan, magent g and el dowedps & aMh g Ydolis MeRet jhR caBlbid IBrTARGIA 1 copeOduCe
the final imge. The positions of the segnents are s %ﬁgln Figure 5. Since

S ]
the printhead 2 prévandnagetaangdyelogdhe Brntheadis £y roRge of m I n dianeter, and
spaced 12 875m apidpcrH ks aaplagdiednt the tbe S@goreNirogesdes it.and Sfdsitbe fnal fowmt h

the 8 segnents correspondi.n kL] . T i ; ts
Addr essed by Each §3’@fﬁ@?ﬂem%§59n%mr# 9%0? E@Q@;{)?m%gget ﬁg%)e%%?)mgc%‘geéqﬂg%a@, 599
2 1,600 2,399 3 2the@antizad dgrintyin MY the PCHGgnupktransiale (B e, FEFHco'ds spEeyines; 599
7 5,600 6,399 Al t hpveborepsh TREBTEDtonRths fIr b the easreBOds Hothesinefetite intdge prb-

| mge, each dot is repre ; o ' ' ; fBggNt a,
and yel | ow i nk. Be'éeziﬂs%mt%ﬁéem%%“g%é?lﬁn&g i @L%@ggfm?ﬁg{ rﬁ%ﬁ% ' @?{%nr}hg shoul d
be dithered or erramdhalffoningdeadifien. gedfiCr eoprgiathe ﬁ&&’ﬁ*e%ﬁ%fm‘?f"&ﬁé“ﬁess'

cont ai ns 2400 nozzpeadinglfborae b vaikty ofimage formgissThe PCR A disy einfam/inteface@ B aliow

four-inchyprlnthead 2, g,%%%g%ﬁtgg%@ﬁ?m%%paﬁ (r{zéﬁﬁl FRnt M ForRht) ddhagdO

nozzles. 2.1.1 Goﬁ’g’l ng o a Segnen
1.2 HiGH LEVEL INTERNAL OVERVIEW

The PCP 3 Is designed to be fabricated using a 0.25 micron CMOS process, with
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
15 techniques, macrocells, and iP cores. The PCP 3 contains:

. A tow speed CPWmicrocontroller core 10

* 1.5 MBytes of multidevel Flash memory {2-bits per cell) 11

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

. 4 KByte RAM for program variable storage 14

The PCP 3 is intended to run at a clock speed of approximately 100 MHz on 3V extermnally
and 1.5V intemally to minimize power consumption. The actual operating frequency will be an integer
multiple.of the Printhead operating frequency. The CPU 10 is intended to be a simple micro-controller
style CPU, running at about 1 MHz. Both the CPU 10 and CMOS sensor interface 12 can be vendor

20

supplied cores.
Figure 2 shows a block diagram of the PCP 3 in isolation.

The PCP 3 is designed for use in Printcam systems. Figure 3 shows a block diagram of the
25  pCP 3 connected to the rest of the Printcam hardware.
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The nozzles 22 within a single segnent 21 are grouped for reasons, of

physi cal si@uihidsy as well as mnimzation of power congmtsb@iazsiuri ng
printing. In terns of physical-stability, a total of 10 nozzles share the
sanme ink reservoir. In ternms of power consunption, groupings are nmade to
enable a |ow speed and a high-speed printing node. 25 SUBSTI TUTE SHEET
(RULE 26) ROLAU WD 01120547 PCT1AU00101073 -8 The printhead 2 supports two
printing speeds to allow different speed/ power trade-offs to be nmade in
different produ ﬁ EU%MGK&JND” the | ow speed printing node, 96
nozzles 22 are fire taneousl y fromeach flinch printhead 2. The

fired nozzles S;ﬁ TpfépbﬁsF@é.rgwae\é.gﬁéd%%heamé%dngmﬁaeﬁ&pﬁmawﬁ@ from

each segnent. nozzl es erent sets of 96 nozzles
nust be fi#rBthead? isysedaga '@H@B‘G’- yeing @ §-ineh ide printes) image yithout haying jobet | o g
si mul t aneowévey. Instead) pape? R0 18 phirited on apnnmdsqsaswﬁpnﬂﬂndfz; asasbowndx Pipes4.22 shoul d
be maximally distant, so 24 nozzles are fired fromeach segnent. To fire
all 19, 2002m022|mﬂapo§x%udakﬁﬁmmNm of 192 nozzles nust be fired. The
power cgnsunption in the | owspeed node is half that of the high-speed
nmode. Note howesseh 4-iichprinthiedie2 consistgyf Bcegmantspehch segmentri2 an irich indengthrBhcheince a
page. |S RSS2 AL 9.4 &, njlégerﬁa SAPPAS ord BYRP o WireRntR3H oP I oG/ o

Printcam OWer  consu n requirements 10 dictate the use o
| ow- speed preduae thefinal image. Ihelmi'&P’ﬂaﬁﬂ?%mﬁfﬁ?(@'eé"qWde A?”&‘?"hgl e pod 23 consists

of 10 nozzles 22 sharing a conmmon Ser 22 a one
row, and 5 are i¥nE% ?T@?‘eadl?a?,’ﬂ'sﬁ’Bff‘f égogfp ??fhﬂ@é%z h?%ﬁ'?%&f’?ﬂi?@f@
22.511m i n1sk78pme tgart. Th:qsazacdadwatblncrasselaﬁuﬂﬂ11'5'!'#g‘?‘N!’ts Fithpthe ésw@h'emresmdmg to
arrangemeniosbnsd Si ngl e pod, with the nozzles 22 nunbered according to the
order in ich they nust be fired. 15 Although the nozzles 22 are fired in
this or®r, the rel Jable n.Firapimage Dats Addres@id by EdctpSegsieotal  pl acement of dots
on the pr|nte page 15 UltTeren[ e nozzIlfes 2Z fromone|row represent the

even dots fram ci#8mettne bn t he FUSOt and the nd2#9% on fhe other row
represent thefodd déts frpmthe adjacent ljine on t"B® page¢. Figure 7 shows
the sane pod 323 wth the pozzl es 2@onunbered accondgddg to| the order in
whi ch t hey nugT be poadedfThe noia‘foes 2Z Wwthin 239d 23]|are therefore
logi cal | y sepgratedyby thEwdttr gyt dot— [The exggt_dr stance between the
nozzles 22 w IH cpgnd erfthe Hr“““{)“ €s ufmi ng nmechani sm
20 The printhgad 2 I's des}gned \Mm st agger] Hgned to match the
fl ow ofispaper |20, 251.1. 213 Pods 49Re a Chriomapod™®e pod|23 of each col or
(cyan, nmagentd, andbyellop) are &@@ped intpo a cH¥®Bapod 24. A chronapod
24 represents [different cplor compooents of| the s&ge8 horigontal set of 10
dots, on different Tines. The exact distance between different col or pods
23 depends on t hetnbighjeaéh sepRéntli fiGduces 800 dots of the final image, each dot is represented by

a combination of bidevel cyan, magenta, and yellow ink. Because the printing is bi-level, the input

[0

image should be dithered or error-diffused for best resuits.

Each segment 21 then contains 2400 nozzles: 800 each of cyan, magenta, and yellow. A

20 four-inch printhead 2 contains 8 such segments 21 for a total of 19,200 nozzles.

211 Grouping of Nozzles Within a Segment

The nozzles 22 within a single segment 21 are grouped for reasons of physical stability as
well as minimization of power consumption during printing. In terms of physical stability, a total of 10
nozzles share the same ink reservoir. In terms of power consumption, groupings are made fo enable a
iow-speed and a high-speed printing mode. |
25
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paranmeters, and may vary fromone Menjet design to another. The distance is
consi dered tQ 5 constant nunber of dot-w dths, and fore be
taken into accoun?s when printing: the dots printed by thgbl@ég@m%g’gzl

wll be for different Iines than those printed by the nmagenta or yeIIow
SUBSTI TUTE SHEET ( RULE 26) RO AU WO 01/ 20547 PCT/ AUOO 01073 -9 nozzles. The
printing algorithmnust allow for a variable distance up to about 8

dot-wi dt hs between colors (see Table 3 Jor nore details). Figure 8

illustrates a sin echroma od 24. 2 eaPo roup 5
chromapods 24 ar egB’P@mef%H pﬁ?’ﬁ“&”@?ﬂ@ﬁ@“ﬂ%ﬁdpﬁf’gpg’ﬂtspﬁd q"gff’r‘l‘fmatpod
cont ai ns  30mme2zdifeenPioductaoitgpatidos. oup cont ai ns 150 nozzl es 22. 50 cyan, 50
magenta, and 50 yell ow nozzles. 5 The arrangenent is shown in Figure 9,
with chr omapods N Uinritesr lew sf@ed!prinfitgt reodeheft nuzhies 22 ¢ fred smullzatanee from dpciceingh

chr Oma‘pOds i elrhgtﬁ%g nf:zgfes Erkd%' hte)'m%fgna*y &stéht 2509@%%@ d?@kr@d flom each
Phasegr oup po groups anl zed Intg_a si ng@eﬁghasegroup 26. The

phasegr oup mmgntsT@frﬁaammme’e% @Oﬁﬁ%%?’%‘ﬁ v AR ¥t hin a phasegroup
are fired swrultaneousl durin venf|r| a this is ex |ned|n
more detall bel ow)n MPREHEREHATTEAM o 0 8 378 Pl B PB G Sah <
entirely 1C0prndbad Z1EThp tirep 062bs 0f sﬁwwwpe@dnmdlswm olo-4 powitbspre fired figm eich 2
Podgr oupEn ab%egm%rst N&Sre s, kd&%ﬁz@%ﬁ@&ﬁéﬂeﬂ?éétﬁf hdbChoz8 hst@B 8re@f the two

Podgr oupEnab Ines 1s set In agiven firing pulse, so only one podgroup
of the two fires nﬁ%@hﬁé mr@:ﬁﬁueﬂxnhh@daw%pﬁe%o% ks IREIF 16 of PR thighBese et larb! e

| f | d
print i akes TP BRVT 8’??@93'%@"0[] S e e fien p AR HE o foo b D0
print fires twce ﬁsa JXaN, N0z 7] F 5 SPaflly Rlieh pﬁthM %xe]apgwé.] &H&%@&g& vhdents.

conposition of a phaseg Fou e between adj acent oups is
exagger atw®d #iﬁi?feti‘Pa’quf&?W-S&@deﬂﬂlngl 5 2 Phasegroups nake a Firegroup Two
phasegroupsZéPhase roupA and PhasegroupB) are organized into a single
ffregroup L% t1 Nazztes Make P95 i n each segrrent Firegroups 27 are so

naned because they all fire the S simul t ane enabl e
li nes, AEnabl e and®BrEH5FE %f’?‘%%qf) H%ZZP"F ??Zﬂ'amgfa “BRGLE '%r(?f?ﬁvﬂ"sg%ﬁﬁsg #End
Phasegr oupB inore res anditiep érmeher] Sach soztief R2arasites Hpts ppRpXipiatelyce?. Spmiie diameter

arrangenment {aceayaVis. avamFbygsUheuré& shdAetnslbifdngdMeRt & QMR Pod 0iih BRI ViozAdsQDI NYS
I S exagger at ed flﬁal e Group| ng Summary Table 2 is a

sunmary of t'H‘é"bﬁ'EiE?"g’%'a?éﬁﬁ”ﬁ@”“t”ﬁ%ﬂ‘?}ﬂ“ﬁ Tabl e 2. Nozzle G oupings
for a .S' n le 4- I “C%Qﬁw herzzg l I C%tu!t 8\@ arl\%%;% ?et W) o?Lonéé)ﬁboénQ%hysicai

Conpositi'®n Ratio ase un
placement of dots on the prmted page is different. The nozzles 22 from one row represent the even

dots from one line on the page, and the nozzies on the other row represent the odd dots from the
adjacent line on the page. Figure 7 shows the same pod 23 with the nozzles 22 numbered according to
the order in which they must be loaded.

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

2.1.1.2 3 Pods Make a Chromapod

One pod 23 of each color {cyan, magenta, and yellow} are grouped inte a chromapod 24. A
chromapod 24 represents different color components of the same horizontal set of 10 dots, on different
lines. The exact distance between different color pods 23 depends on the Memjet operating
parameters, and may vary from one Memjet design fo another. The distance is considered lo be a
constant number of dob-widths, and must therefore be laken into account when printing: the dotls

25
printed by the cyan nozzles will be for different lines than those printed by the magenta or yellow
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Pod 23 Nozzl es per pod 10:1 10 25 Chromapod 24 Pods per CWY chromapod 3:1
30 SUBSTI TWbakeET (RULE 26) RO AU WO 01120, 547 PCTI AGGAhdniart0 Tabl e
2. Nozzle Goupings for a single 4-inch printhead Replication Nozzle Nane
of Grouping Conposition Rati o Count Podgroup 25 Chromapods per podgroup
5:1 150 Phasegroup 28-Podgroups per phasegroup 2:1 300 Firegroup 27
Phasegroups per firegroup 2:1 600 5 Segnent 21 Firegroups per segnent 4:1
2,400 4-inch printhead 2 Segnents per_g-inch printhead 8:1 19,200 2.2
LOAD AND PRI A ST - 4 [ ont_aj . of

19, 200 nozz'\ogs;s%gpﬁﬁwiaﬁf’%gqué Al“ﬂ'\g/o_\g/é'é&%ﬁgﬁgpégpn% agwa;ﬁ%%ﬁe% "t hese
nozzl es, deglersdseaiTakie3 topmore detailshiiours § ilugrales a sipgla ehremapad Bbad Cycl e | nvol ves
t he | oadi n%EU{) of the printhead with the information to be printed during

t he subsequifeht3 pPichfomapedsmake afedgreyB| ¢ 22 has an associ ated Nozzl eEnabl e
bit that determ nes whether or nqt the .10 nozzle will fire during the
Print Oycle. The SIPTFRAERZHHmE olgped INhRs1ole POREPYP 23 Siipe.each duerapopd Sriging o of
shift regi sIibabzles 22 @achaioligrodpentainga?s0 nBzziel 22:t50 cyani $4 reagentp,cand SR ypliowboztlesie per
col or), ﬁa%%%deﬂ@rq-- Sow th Figrecs, Wi chioRfdpddl trlmbdtea 812! Nbte Rl it Gltarlce” @
given color they are oﬁ’recte_ to the | ower and upper nozzles on alternate
pul ses. | ntheMyea adjacent shrmanods iFexapoested®r 428y st er i s conprised of two

400-d hi | gt : f t | es, d f the |
A AR (AT A
L 23 B o o ORI R

a single 800 deep egl St € registers_have been
fully | oade¥cqusngroyrs atnogrigssa wjthin a phasegroup gee figrdisimullansously dutingra given ffing phase
par al | el t qhisheexpipipédip mokidetaiNsston).crha fbhatiohoftaphasbhrosp ferpudpaeigrodps 28 isenhtitgly €

paral | el trmp%[?ggg%s ﬁf'@’ﬁ%@gﬁﬂﬁ‘&%ﬁ"‘w%Ei’w‘t"sé“a&@ﬁﬁ‘*?ken pl ace, the

Print C#8le can t and the Load e can occur

2t The end ol ¢ FBe Sect BRE GR) bt oraNo Rlogilperilig s abh & ol fing oLl
Concer ned VYRR P SRHTTRGIeREP g1 P A B e h'a?"grgé-.sgﬁeg Pl BV PoriRE e | g
Cycl e' s NoZintssdEnssblse both pergroEpscfine sragjess Aensequentiy s I@v-spepdiprint takes dwite ag langlesided t o

the cyan, nighapted primihc e h@iissdal bnt irbO@ics bemsny nébRsatdnBhUt s are cal | ed
CDat al n, Mbataln and YDetaln. Since there are 8 segnents, there

Figure 10 illustrates the composition of a phasegroup. The distance between adjacent
podgroups is exaggerated for clarity.

15
2.1.1.5 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. The arrangement is shown
in Figure 11. The distance between adjacent groupings is exaggerated for clarity.
20 21.1.6 Nozzle Grouping Summary
Table 2 is a summary of the nozzle groupings in a printhead.
Table 2. Nozzle Groupings for a single 4-inch printhead
' Replication Nozzle
Name of Grouping Composition Ratio Count
Nozzle 22 Base unit 1:1 . 1
25 Pod 23 Nozzles per pod 10:1 10
Chromapod 24 Pods per CMY chromapod 3:1 30
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are a total of 24 color input lines per 4-inch printhead. A single pulse on
t he SRC ock Iwdedssrared 25 between all 8 segnents) transfgk&y@pg 24 bits
into the appropriate shift registers. Alternate pul ses tF Bs to
the | ower and upper nozzles respectively. Since there are 19,200 nozzles, a
total of 800 SUBSTI TUTE SHEET ( RULE 26) RO AU WD 01/20547 PCT/ AU00/ 01073
-11 pulses are required for the transfer. Once all 19,200 bits have been
transferred, a single pulse on the shargg PTransfer line causes the

paral |l el transfer of a fromthe shi f't1 registers to the appropriate
! s

Nozzl eEnabl e bi ts. _Th&3qi%¢ Neraln Grpypingsdona single 4dnch printhead PTr ansfer nust take

pl ace after the|{Print Cycle has finished. O her Npozzl eEnable bits
for the line bei ngmpof@ogpingi| | be compesiticact . S Si'ﬁ%&%?ﬁ‘ B é&oﬁ ntg 21 are

| oaded with a si OCK I MY pProgess—npst—prpeiice t he
data in the cori ii{g:i?&" free Ejah%?p'gggé‘bb%{?@ad \S a§qevaw !@,»»-«J:—ﬂe_ii rst
SRC ock pul se wiLd Q?ué&er ﬁ‘ﬁ"’(‘ﬁweﬁ‘?’laiegf"}i? th I’]F‘g‘l:g Print CQvcPBl s dot 0,
800, 1600, 2400 FeEsup 241000, | Heasegrounserr SBYOUP  The se@dnd SRC ock YU se wi l |
transfer %he Segmest Z1or  t heFiregrotpsiPer ssgmédycl e’ s| dot 41, 80{l, 168400 R401,
3201, 4001, 480]4aaelprintiedd 2 Al Bejmefie PerAtiich ghiltheBdlT S€S, g8 NE HIT anggey pul se
can be gi ven%1 I ?IS | o§tan o mote - that—the—odd—anmt—even—CWw-output s,

al t hough pri fed &AFT RNT QYGHES Py nt Cycl e, do not appear on the sane
physi cal output lin .'Tt]e physi cal separation of odd and even 10 nozzles
within the print hésisedensheipnegd2 2(9'9 9T 1900 aeR e 37 4 1PE¥ Cytle yovpeibent
col or s ensurfiEag ¢fjypto alllsbhesninbizepdephndant doths inbrmatibd hee eriited A ne Gylre Inbdvepage.
This rel ati g 1shding 5 Behrintisd wﬁﬁm@ﬁﬁm&rlﬁg bd Mngdmgmhgﬁg%ﬂ%t PhRficfia a into

the printhead. The actual difference in |ines depends on

characteristics et RRub BKh&tan'BRERRY NEHATRELb Bt hQ@a&Hﬁsﬂéshﬂéﬁﬂert %hﬁ:dmet
e | St ance

di ff erend@s n def|ned by variables D, _and D. where D, 1S t|

bet ween nozz%%ée“g‘fﬂralg'frq"%ﬁwgﬁf%&ﬁ%f@? k%ﬁ‘apﬁﬁ'ﬁ“ﬁté}%&mgﬁw e\ st 2| es
of the saneh@egislers. Tabl e 3 shows the dots transferred to segnent n of a
printhead on the first 4 pulses. Table 3. Order of Dots Transferred to a
4-inch Printhead legraibiihere spdishifedoisiony et segmenh {pae pel chip @ad)a9f lohi. Me bitslar€00S8
N N+D1b N+2[3hiftedintS HdSshi rdbidest Gor Ml Belor ey le Bidcted 10300 g MMa Nider nbiRPon 4

3005+3 02 ST Bl on 5 A s RESl B 0 1

of lines between Eﬁse nozzl 8s of one C.
D2 = nunber °8% for ihp &rpepazgiRse AN aRe for B\rdowst nazgiesz Pitesnatyf bits e shifieriinte dieciterfdte kel v

= 1)  Ang, sntaimel fegisterd) As 18 Q0P eitetSintelank & chriBbthowa\ek Breiig | Shaleldto Me.ta aimead
at a naxi?rur,gggs%;_e of 20 MHz, which will load the entire data for the next

line in 40s.
Once ali the shift registers have been fully loaded (800 load pulses), all of the bits are
transferred in parallel to the appropriate NozzleEnable bits. This equates to a single parallel transfer of
19,200 bits. Once the transfer has taken place, the Print Cycle can begin. The Print Cycle and the Load
Cycle can occur simultaneously as long as the paraliel ioad of all NozzleEnable bits occurs at the end

of the Print Cycle.

20 2.2.14 Load Cycle
The Load Cycle is concerned with loading the printhead's shift registers with the next Print
Cycle's NozzleEnable bits.

Each segment 21 has 3 inputs directly related to the cyan, magenta, and yellow shift
registers. These inputs are called CDataln, MDataln and YDataln. Since there are 8 segments, there
are a total of 24 color input lines per 4-inch printhead. A single pulse on the SRClock line {shared

25 between all 8 segments) transfers the 24 bits into the appropriate shift registers. Altemnate pulses
transfer bits to the lower and upper nozzles respectively. Since there are 19,200 nozzles, a total of 800

SUBSTITUTE SHEET (RULE ZS)RG!AU



25 SUBSTI TUTE SHEET (RULE 26) RO AU WO 01/20547 PCT/ AU00101073

.12- 2.2.2

Print Cycl ayéaefi2dsiich printhead 2 contains 19, 200 nozzl esl:aaMUmmfmre t hem
all at once would consume too

ink refill

and .nozzl e interference.

defined: a | owspeed print node and a hi gh-speed print node:
with each phase firing 96

| ow- speed print node,
nozzl es. This

there are 200 phases,
5 equates to 12 nozzl es qger segnent,

much power and be problematic in ternms of
Consequently two firing nodes are

in the

or 3 per firegroup. in

the high- spe.ggsgeregt,.r 4 e SHAR: Sorl B ?@ﬂo%ﬂ@%&ﬁmﬂu&ﬁ%&%ﬁ@%ﬁ?ﬁm@bﬁh@g 192

nozzl es. THI

rou

nozzl es t o shared PT@GSfPH'"a%F‘?éhe Para'!eh'@nﬁaq %féatarfremdm %!?Wﬂiﬂﬁfs i the SPFB?PE'E‘E

Chr omapodSelgesidenagiebigct 1 of 5 chromapods 24 froma firegroup 27)
Nozzl eSel ect (select 1 of 10 nozzles 22 froma pod 23)

4 bits

2 bits of

Podgr oupEnabl e | i1he paralief trifeter Qa alpulse fon PTrRmster rousp kake plateaffer the)PrintlCycditag one

f h d bl
O TP A Do s g NG
the Pocgg OUDENaDI & L s, afs 29 6b ool findrt

nozzl es. For the

|es

ronapod

b§eeb1its fo

Al el 8o PRERMINERRE, fnen ot of

s.nbﬂ%ae%%&ul%y%rl

dgf)rbée@s fnbigi T

|'ses are require
Podgr oupEn amdeceihqqﬁtam @SMWM@BN fV’éF%/p""IhS?d f2n xprgele- msﬁgﬂﬂ‘ P“'S?\Y"i} one
fire pul se yahsfertRICUY Bith forthd exTHIRDCYzIes Mot (800, 160D] 2400)15:200| 4000, #800, arfd 5600

Phasoor 835‘\'%3&%@#1%5&&%"'&@“

noz

Sgrhec

typi cal dur3é1. dﬂ°1048°aa'l‘<156 h@ﬂe"ﬁﬂ? SRClpck pylses,

depends on the VISCOSIty of the ink

Section

m@.@ameat Prinl Gte's WY 1C 801l 160, ube 15

e g drr=n e
PR3 e AEBRRT

characteristics) 'Hfnrordstianese Hpt the o4 AR
2. BinbGycipadrenol &ppeayion thetsaé physical Peteul inee khef phisigat $eparption iof ¢fdand even or der

ectively. 'The
on of a pul se
re and

N9

i nk
F2ee

to conpéfs %ez.és%mmﬁm&rnﬁmr &s wamr&s‘ara@h Betibiitdizesat drﬁ&Eﬁt%Blb@ edufesIpRar at e

lines in order

a |l ow speeolt ‘FW'V\P”@SFEI"@S BBH

e e oy

B ghde dlifbda

200 Qﬁes of

ef f ect i vel ywhgn\dadigg the Batd B thearinthesd. W@s@alﬂiﬁaﬁme%med%e"%%m @ﬂwﬁnh@s 100
phases of &ufkHeGikjet MEGENISMH Ldak mqué:&rﬂmeém shesditfepdnc&lafibe fENAGHSY va:ﬁudleBB B.dm; ases,

AEnabi e anc 8 i be VRER o Ao £

(?3_ collggh%?%cg g]elfj%sgﬂnceebe een o eso he

print ther ehasamexOioR Take Ishowstse dma\a'errad tasdgment g pbeptinfieadan ﬂnemﬁi é pdqsee 100

2}ts cycles. For the high-speed printing node, the firing order is:
Chr omapagSel ect 0, NJ3bi¢ ¢ Svesof Dggs TPB%f&'F"EﬂfBEr‘?ﬁB‘?“eP"I'Y‘ef‘Phases A and B) 25
Chr omapodsSel ect PuNQZZl eSBJ’teCt Yenglq-gl{ ]pMQ}ﬁalLﬁle 1&?@%35 A and B)

1 800S? N N+D,? N+2D,

2 800S+1 N+D,° N+D,+D, N+2D,+D,

3 8005+2 N N+D, N+2D,

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

a. S=segment number (0-7)

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

20

And so on for all 800 pulses.

Data can be clocked into the printhead at a maximum rate of 20 MHz, which will load the

entire data for the next line in 40us.

25
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Chr omapodSel ect 2, Nozzl eSel ect 0, PodgroupEnable 11 (Phases A and B)
SUBSTI TUTE SHEET. E 26) ROOAU WO 01/ 211547 PCT/ AUOCQO 0107 -

Chr omapodSel eCE§?2%22| eSel ect 0, PodgroupEnable 11 (Phasggwﬁ%é)r’l“amé)

Chr omapodSel ect 4, Nozzl eSel ect 0, Podgroup Enable 11 (Phases A and B)

Chr omapodSel ect 0, Nozzl eSel ect 1, PodgroupEnable 11 (Phases A and B)

Chr omapodSel ect 3, Nozzl eSel ect 9. PodgroupEnable 11 (Phases A and B)

Chr omapodSel ect 4, Nozzl eSel ect 9. PodgroTKpEnabI e 11 (Phases A and B) 5
For the |l owspeed printing node, the firi'fig order Is simlar. For each
phase of the Afgh JpBEGclepde where PodgroupEnabl e was 11, two phases of
Podgr oupEnabl e = 01 and 10 are substituted as follows: ChromapodSel ect O,
Nozzl eSel ect 0, Podiyf-5tiprciipgd? eyntaips}PL0R aozales2qTadie thenrgll & Args wadbroasumedeo
Nozzl eSel ect RuchRPodeaad pipraitmatid O érnk afiekaefh aanabzig interfiancanCrpeitetienb fidng

Nozzl eSel ect P .Chr omapodSel ect 1,
Nozzl eSel ect 8‘“%%%8’%@5%5%#%@%"‘%%@} r@n—%ﬁ%ﬂ Bg‘“‘ gf%?r’onapo_dSel ect 3,
Nozzl eSel ect 9, Podigthelgwraerd rrinDmodeHhese ere 200 rhasps pyith eadrphasedifes8aredes. Tis
Nozzl eSel e%i 9, PodgtauERBRdzBeslier {BRaE.53 fer AdgrolR) Chr omapodSel ect 4,
Nozzl eSel e 9, PodgroupEnabi e 01 (Phases nd B 0 odSel ect

Nozzl eSel ect 9, Pod’@%kjlgﬁﬁ‘?fﬁi’ B""EWD‘%BF’E%@Qg ’ng?ﬁfs'ﬁ%m T@%@Eﬁrﬁg ﬂ%ﬁ’ esZé'is
fires, it takes appsooatestatehorzdi@sseguent.af § berfiredfbp. nozzl e 22 cannot be fired

before this refill time has elapsed. This linmts the fastest printing speed
to 100s per |ine. |Themnbmiehtod fired feciepiringpulsesipdetermieedttye to print a line

is 100s, so the tinpyRehwsRPodselect(seiddt 195 ZhrSndpb V4B dlfldgRui #ry the next

mat ches the refill tinme, ma ina t he ?'(ﬂh%eg.?g? rgri n Smde acceptable. The

| ow- speed prifit ot MezalaSgiRefiselal Pf 1§02 "Paaged accept abl e. The
firing of a nezzl e 2alsal mogoapbmdleles FSkit0, Perdpdaipkehw fifepr a |limted tine

within theyg common ink reservoir of that nozzle's pod 23. The perturbations
can Interfere w th Whe dhe of thgPakrcaptotlieines B GetalyzheespasifediPoddrdve’s Saneiep ot 23.

Consequent | Y, gh Beackdrhihdd@y BhroRoFcab st Mo Wbl sBed Yhes Ritvbithe®BaplubBibie fiteatRecach
ot her as | ong as possi bl Ve ree nozzles troma chronmapod

e. therefore fire th
24 (one nozzl &4P9M ojfhg p@@?‘&s)‘”“'a{ifﬁfh‘f"ﬁ‘@?f?eﬁ'd!%m%ﬁ’f’ﬁpﬁeﬁ5“’ & Y0 TG RBRF D FIUE
Wi t hi n t he podijr Paspro@Enabld R 10esd [00 vespeptiely. Poritie higlgspeed] moddn enip ook fire ppise BS

are fired sepahatgwt pddiéSpentifle 21£hr ome- pods 24 within both podgroups nust
all fire before the first chromapod fires again, totalling 10 x 21Ls

cycles. Consequent | he@@@ibnRPthe fithg phisé s'gREh RS AR BEnAENe nBE whiiDlte tREEd

printing node,, the daroups 25 are fired together.. Th t he hr - 25
Dots 24w B Erer R PSR O R roR o e e e b St 8 o
fires again, pugedsldnd8 B. Iheduratipn jobs pulggodepengs entiheyvissaith ohbe ink Jdependentrand
once per 10 Stemperature and ink characteristics) and the amount of power available to the printhead. See Section

2.3 on page 18 for details on feedback from the printhead in order to compensate for termperature
change.

The AEnable and BEnable are separate lines In order that the firing pulses can overlap. Thus

the 200 phases of a low-spesd Print Cycle consist of 100 A phases and 100 B phases, effectively giving

20 100 sets of Phase A and Phase B. Likewise, the 100 phases of a high-speed print cycle consist of 50 A
phases and 50 B phases, effectively giving 50 phases of phase A and phase B.

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

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

* ChromapodSelect 0, NozzleSelect 0, PodgroupEnable 11 {Phases A and B}
05 8 ChromapodSelect 1, NozzleSelect 0, PodgroupEnable 11 (Phases A and B)
. ChromapodBelect 2, NozzieSelect 0, PodgroupEnable 11 (Phases A and B)
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SUBSTI TUTE SHEET (RULE 26) RO AU WO WAW PCT/ AU00101073 14 As the ink

channel i sw@fipuds®ng and the velocity of sound in the i ngeqdisyodfyd
1500n's, the resonant frequency of the Ink channel is 2.5MHz, thus the | ow

speed nDde al l ows 50 resonant cycles for the acoustic pulse to danmpen, and
t he high speed node allows 25 resonant cycles. Thus any acoustic
interference Is mnimal in both cases. 2.2.3 Sanple Timng 5 As an exanpl e,
consider the timng of printing an 4"_4.6" photo in 2 seconds, as is

required b Pr| ggam\ S the 4-1nch
pri nt head )r(rust print fﬁ%cﬁ% nes ‘*%%"%f%%?"’ex%&ﬁﬁ n S‘Fa'{a@?lo 000 lines in
2 seconds.Yi el dsChiomappdSelertdeNerzieS¢iert 8. PodgreiipRngble 1n>|(l?mes@,md@) and a single
Load Cycl e, must &pdnhpbdsaiestd, Wziasaeahlp%aarwaenablewﬂﬁsés'mua physi cal

process external to the printhead must nove the paper an appropriate
anmount. Frbmthe+-printing point of view, the |l owspeed print node allows a

4-inch priat heaot:rtranaaadsarecmmﬁnsaé@sIPioa@odpEnamGwphakéumﬁeh ow-speed print
oriniing of an preeeiseREy %«%ﬁ”%ﬁ%wgﬁo&#“%{ﬁ f;péé‘e""#{]%ﬂébo“épebhﬁck

pul ses to the pr ad 2 (egch clo ul nsf S t al so
take place wt hl'%?'{hﬁ (p'ih"? F‘ﬁ%e-ﬁ‘e ﬁ%g"%q‘r%”g @"r']artpﬁ’ 'has ?E%ec;'@b el??

cannot exceeds WG PsﬂmEl!blemns,MQ phasesof F‘P?QWIP%{‘FWP ﬁ@‘ gnd ‘r?tqmsmtas be
cl ocked atyfiliz. In addition, the average tinme to calculate each bit value

f hfth 19, 20 Q 0 =1 Ons. Thi
Eeglrjl (ragg ao dot eﬂﬁ?@&@(ﬁ@“@ﬂ&%ﬁ%‘ia&?agﬁ r%ufénaﬁg%?i%a%ﬁ]ﬁ] égeeds: 15S 100I >
MHz generating 1ctin¢map(>daate):t0pmzzb§el¢ceo Powmﬁmbgéﬁmwsr@nﬂ Bbits (dots) per
cycle 25, Miz %Qg“n Jggﬁsé]é&% Phagd? &%ﬁ'oﬂpr%se%AFJ%E@?ACK FROM THE

PRI NTHEA. D The pri nt ces severa l'i nes of feedback (accumul ated
fromtH& 8° segne?ﬂ"%‘)apwﬁ?lsd 1f @@G’B%‘F@'? iPregougkrabled@ (PhesesAand 8! the tini ng of

the firingepul ses. Although each segment 21 produces 20 the sane feedback,

the feedbagk frog all od%eeggt%nk?ugggec QtPho%ro ageabgeoki(ot gtz\ bgé | i nes.

Consequently only one segmen Vi ?Jlback A pul se
on the SenSeSegS@rmotlSehewAledSm% Pdmﬂaipéwb@yal(f"@mm@d& he sense lines-

for that segner%nmJéasds‘e@adbﬁ%e%&w phad?&ﬁsmbielm %fxnﬁs he sel ect ed
segnent unt|I the next _SenseSe dback sense |ines are

as fol l ows® TseHEXTaRPLIEIGE 4 H‘ézz'gﬁ?ﬁc? %IPPQQ'WEWbﬁdP @'ﬁiﬁﬁﬁ“ﬁ?head is. This
allows the controller t timn ses, since tenperature
af f ect syst he vi sc‘& 6’? %es ihjgkes sgpro ﬂ’équh‘T B???@'%ﬁé"@lﬁﬁ? FEet @Pnﬁgw much
vol t age i sbe&vathlsaml @me bast eippsesic Thislinits the Tantest prinfing\speedie 100pe pérrind. Inghe high-
conpensat espleéd prit rhdd! thd e t6 pisht 8indid $00y:8/ 96 tha thRe Bdden Friddda REhdRdnl &1 dis Pul se
W dth. the next matches the refill time, making the high-speed print mode acceptable. The low-speed print

mode is slower than this, so is also acceptable.

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
og hozzie within the same pod 23. Consequently, the firing of nozzles within a pod should be offset from
each other as long as possible. We therefore fire three nozzles from a chromapod 24 (one nozzle 22

per color) and then move onto the next chromapod 24 within the podgroup 25.
. In the low-speed printing mode the podgroups 25 are fired separately. Thus the 5 chroma-
pods 24 within both podgroups must all fire before the first chromapod fires again, totalling 10

x 2us cycles. Consequently each pod 23 is fired once per 20|.is.

. In the high-speed printing mode, the podgroups 25 are fired together. Thus the 5 chroma-
pods 24 within a single podgroup must all fire before the first chromapod fires again, totalling

25
5 x 2us cycles. Consequently each pod 23 is fired once per 10 ps.
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Rsensei nformsw mﬁﬁ‘ﬁ?pt roller of the resistivity (Chms per weygdhiegd the
actuat or heater allows the controller to adjust the pulse widths to
mai ntain a constant energy irrespective of the heater resistivity.

Wsensei nfornms the controller of the wwdth of the critical part of the
heater, which may vary up to i 5%due to |ithographic and etching
variations. This allows the controller tgq adj ust the pulse width

appropriately. 5 2.4 SPECIAL CYCLES 2 r eheat Th
process has a st rorty hedHgasney ﬁﬁﬁ'ﬁ?"ﬂé"{%“’% ﬁf?sf"i’@ em't“sgmgédé%dr"ggmf
ensure that redeRarft fréqubneg efdbe igincharinet i 8.5\ Hz. Miue the iiwopeasimendh alows 5%1"9&%%*|°£<¥Q§nt
dot size, th Bnod® biidas 26 résoftint Biclesl Thaddh
dots. This |§§g&clg%$£§ﬁga E\%ﬁ%@%ﬁﬁg;{&?@ﬁe 10 The Pr eheat cycle Y
i nvol ves a mﬁ?g‘?séémﬂfeﬁﬁﬂe‘@‘éﬂ’é“"iab’”agq‘c??ﬁizl es with Is (i.e. setting all
nozzles to fire), and a nunber of short firing pul ses to each nozzle. The
duration of t&&3 pulssmplﬁﬁ'mfnme insufficient to fire the drops, but enough
to heat up_the ink. Altogether about 200 puI ses_for ea CE le. are
required, Eycling tﬂﬁmawpﬁe@ﬁ%'@‘a%“%‘éaﬂ\g?ﬂ?@4 28T g’y aﬁfﬁéﬁsi*ﬂf’q“&f’cﬁye.
Feedback dur i pgchfian Beahegint mde i Ssqavre) tootindnprifised swst pint@seines (ud800lnt | |
equi | 1 brium 'II’H o Al eoobﬁ eEﬁ%“s@&%s()?%‘éﬁmﬁ%e%%%%s%té'#ﬁﬁlt cleIrhi% smg!e
duration of tRH& ge”r?é% | i second enends,
i nk conposi t i oad Cyde ws&b@aﬁn*sw%wﬁd%ﬁ aS’@‘f“B'raephéﬂ‘@hprB‘i’eF%?mﬁ e Bci’ge
not affect prisk AbveS daplr ERapoprisssandunt s done whil e the page data S
transferred to the printer. 2.4.2 Ceaning Cycle In order to reduce the
chances of nozzl es hesnapdtngrootleey. twe lot-eaed pig moge slewsahingeprintierdds Araleen
before each pér{m%tgmé ggonr,ﬁamlew;ple@d prift ,h@defgsrr@&:eazma‘earﬁnay‘putsb RaPebly BiieBling N
e c

absor bent gpo eani n I nvol ves a single Load Cycle to
al | - nozzl es V\F"EW‘"F‘@"(?“%‘”E@’&‘Y’V“HQ’ éf’%&%ﬁ‘g% es to fire), and a nunber of

firing pul ses to each nozzle |l e
111 Sequence as e SRSHREAPRPRRE i et ed s fack HERNGRe Kilehiaiinitds,
nozzl e 22 is ke patecMiyethd 200 gajon tumném kgt oAy BRClorppiisgranehexcqad 280 vyB9P =t he
printer has begp Engxt;%n iﬁ@t 5&%@& RDABL clodkBeat GIBA W Ja@tich)iBE Sverab@ngto cadibb@Ct

on printer performanc DB R o Ul SR ol B 2661 R Y- Vs Ok 2@t =

PCT/ A11001010%88§h b yglue Tor 2
dot generator running at one of the following speeds:

t he

15 ° 100 MHz generating 1 bit {dot) per cycle
. 50 MMz generating 2 bits {dois) per cycle
» 25 MHz generating 4 bits {dots) per cycle
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

20 the same feedback, the feedback from all segments share the same tri-state bus lines. Conseguently
only one segment 21 at a time can provide feedback.

A pulse on the SenseSegSelect iine 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
SenseSegSelect pulse. The feedback sense lines are as follows:

. Tsenseinforms the controller how hot the printhead is. This allows the controller to adjust
timing of firing pulses, since temperature affects the viscosity of the ink.
25 ® Vsenseinforms the controlier how much voltage is available to the actuator. This allows the

controlier to compensate for a flat battery or high voltage source by adjusting the pulse width.
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2.5 PRI NTHEAD | NTERFACE SUMVARY A single flinch printhead 2 has the
foll ow ng wowessyr ons: Table 4. Four-Inch Printhead quqgghmgﬂﬁn§bne #Pi ns
Description ChromapodSel ect 3 Sel ect which chromapod will fire (0-4) 5
Nozzl eSel ect 4 Sel ect which nozzle fromthe pod will fire (0-9).

Podgr oupEnabl e 2 Enabl e t he podgroups to fire (choice of: 01, 10, 11)
AEnabte 1 Firing pul se for phasegroup A BEnable. | Firing pulse for
phasegroup B CDatal n[0-7] 8 Cyan input4st.o cyan shift register of segnents

a2t 0 oo AR b RRY e g 5 g B50TRA > ©7
SRCl ock 1 A pul MHhQR(;@%e%WPIR@gQ widlbs o reairitain #wesntteneoscmapeme ofal - 10
ues from CDat al njdhedter redtRtyal n[ O 7] and YDatal n[0-7] into the 24 shift

regi sters. PTransfer | Parallel dat fr the shift registers
togt he i nternal ‘2 '@Eﬁgﬁl"@"ﬂwgﬁl @’ﬁg'?e Eﬂag fihe AL YRIFHERERY WP A
pul se on SenseSegSs%eme toAithagrbphic tahd elehirgiovarialDast z[hlsnpﬂo]us thealatoller th Adjuss hBsS e

|l ines for segmerbtu %ﬁm‘ﬁ" %, Terrperature sense Vsense | Voltage sense
Rsense k ReS|st|V|ty se il Wense | Wdth sense Logic GND | Logic '
gr ound O% iC | ggpower V- Bus Actuator Gound V+ bars Actuator
Power T L 4 nterna to the 4-inch printhead, each segnent has the
foll ow ngsﬂ)pneg %g '? the bond 20 pads: Table 5. Four-Inch Printhead
I nt er nal grrent ions Name #Pins Description Chromapod- 3 Sel ect

Wwhi ch chromapod .Lm.a‘.da aéxsﬁﬁ.bee%en&{eé a%%leas.nbnf}m fure VP gHidurg 0221 €
iy

fromthe pod wll rou B oups to fire
(choi ce Ofthat(yy f'rs}_eectlTjsf d photo raph as a conssstent dot s:ze the quilibrium temperature

must be met before printing any dots. This is accomplished via a preheat cycle.

10 The Preheat cycle involves a single Load Cycle to all nozzles with 1s (i.e. setting all nozzles
to fire), and a number of short firing pulses to each nozzle. The duration of the pulse must be
insufficient to fire the drops, but enough to heat up the ink. Altogether about 200 pulses for each nozzle
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.
15

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

242 Cleaning Cycle

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

20 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 nozzles are cleaned via the same nozzle
firing sequence as a standard Print Cycle. The number of times that each nozzle 22 is fired depends
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.

25
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25 AEnabl e |
phasegroup B
-17 Table 5.
Descri ption

I nput to magenta shift
SRCl ock 1 A pulse on SRCl ock (ShiftRegisterd ock)
MDat al n

regi ster

current values from 5 CbDatal n,
1 Parall el

regi sters.

¥

PTr ansf er

Firing pul se for phasegroup A BEnabte 1 Firing pul se for

CDat al n |
regi

Cyan input to cyan shift

ster

t

sWhmEl,TUTE SHEET (RULE 26) RO AU WO 01/ 20547.1]3&];(%&491073

our-1nch Printhead | nternal

Segnment Connecti ons me Spi
regi ster Mbataln 1 Mage
YDataln 1 Yellow input to yellow shift
| oads t he
d YDataln Into the 3 shift
f data fromthe shift

%

r ansfer

ns
nta

regi sters

to the Internf NERINTEEARIWIERFAGESUMMARE per nozzle). SenseSeg- | A pul se on

SenseSegSel ect ANDed with data on CDatal n selects the
Tseingieet-inchpentbred 4 heptee following compectiense |
Wense

for this segnent.

Rsense 1 Resi

stivity sense

Vol t age sense
| Wdth sense 10 Logic G\ND 1 Logic

Sel ect sense |ines

ground Logi c_PWR | _Lobghie 4 5awerinoh Pristhead Gapmectionsy ound v+ 21 Actuat or_Power
SRS (o5 b S SRMENE s BaIor ol SO Shusd R PROCESS NG
over vi ew of " (IErBEBBRG | o) 13| SSPR ek Fges WINRIA Cra | mpes 1o a
vari ety of Solt\sezieSelestnt f orjrfat 5. |IS¢eptadich nezpa frem Hie godwihEied9d)- of st eps
I nvol ved i n t{cHctigreupBmabienagg 2f r omjtEnedble hapreigoasdolirg (cheiek ghi0ddadithg a hi gh
qual ity out pUTAgREdidit . V& Can DI gaking Petselorphase@¥ela process 1 nto two | e
processing ct Helle EaCT Wi a T rﬁl}ﬁﬁptﬂéefétpﬁ&%{mfp'ﬁige Capture-charn rint
Onain e | TG gy o R e meRll A i rege—Frem
the I mage Ser storitg—it L£W7[4 Lcad
Chain is condef3aarilt h t aki®ng t HMAgPTHG Beyt o pagentashif register phspamenisd-7 . These
two chai ns nggbelsin®®-Bhe bagi8c Pr ijrfetaminputin galipw phift legigterpf sehppritong :
Take&Pri nt = |laragek Capt ur e {@Ghai n {fAglulse wesRtiyck BniftRkgistéralock) loads the current val-
10 ues from CDatain[0-7}, MDatain[0-7] and YDataln[0-7] into the
24 shift registers.
PTransfer 1 Paraliel transfer of data from the shift registers to the intemal
NozzleEnabile bits {one per nozzle).
SenseSegSelect 1 A pulse on SenseSegSelect ANDed with data.on CDataln[n]
selects the sense lines for segment n,
Tsense 1 Temperature sense
Vsense 1 Voitage sense
Rssnse 1 Resistivity sense
15 Wsense 1 Width sense
Logic GND 1 Logice 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 &. Four-Inch Printhead Internal Segment Connections
Name #Pins Description
Chromapod- | 3 Select which chromapod will fire (0-4)
Selact
NozzleSelect | 4 Select which nozzie from the pod will fire (0-8) _
P;dgroupEn— 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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Reprint = Print Chain For exanple, a user may print a thunbnail inmage
(Take&Pri ntwgoeagy7i f happy with the results, print sevepel/aghomiemard copi es
(Reprint). This chapter describes an inplenentation i ndependent inmage
processing chain that nmeets 25 the quality requirenents of Printcam At
this stage, we are not considering exactly how the processing SUBSTI TUTE
SHEET (RULE 26) RO AU WD 01120547 PCT/ AU00101073 .18 is performed in terns
of hardware, but rather what nust be d(p;n_e. These functions nmust be mapped

onto the various unl.ltagle\gl ;.ot}‘lr_ﬂw;'

| mpl enent ajion_ther

: = kS a
CFA based ,onhg,ng RGEpin : |rmer|ptﬁnfor a IVEn] et pr| nt ead
(bi-1evel 1460 anu |s al vvays tTie sa i
OUt pUt W d bwﬁ.l hhl’ gs “'A"‘: ¢xah§th{ké’ygi‘I§!{lﬂE§?§re l ITL ]_UI IIClL pe) IIIC I_\/I
supports a|WBPeAr v il o pMPSepRInRit T madehtashi |

cases, the|YPateoh of] % he | Yalowinpu tayellqushigegistest chi ng t he printhead wi dth).
Only the | gsgéibekof tiHe pr| Apulseun SREoEShiftRagistEreodk) ol fesunentivaluenfiem For nat s
Qut put Sz Qut put rlesol uf Coatalt,0/DRtivARd YRatale intethe 2 shiftagisters-(i nches) (aff 1600
dpi) Rot at [ Pransirandar d 3 Patalidl trénsfet ofdata b thestifGegst@Sto thedsterpalr t 31 2: 3 4" X
6" 6400 x 9600 90 PRanor aphNezzigEnalile bits{bnepen®z218X100 x 19200 90 Thunbnaifl 32
2:3 4" X 278&nse®00 X 44b/A9u|§gba5em§@ssa&9mnedwmatmqmatawsdlectsmeentction
i nfor n’atiO]se@AU |n|cut irraggaselmésefomaps«mul at the sane resolution (1%00 x
1000), and ysy,séneeu o De f@ﬁpa;aﬁ.ebééasedegrees before printout. Figure 13 15

Il1lustrates yt..c Aesels e be %fhéée capt Ured CFA TTTEge and the vari ous
supported p forfqats- a-t-hotgh—the—+mage Ib strown—rotated 90
degrees an{Re¥ckuilse, th eﬂ'sﬂ’ﬂ%ﬁe"

anti - cl ock{sense3_1 [IVAGE| Wilthmep®® CHAI N The Innge Capture Chain is

responsil®l ¢ LéghrGNKkijmg an| Logiegeouhd om t he | nage Sensor_and _staring it

| ocal |y wi {lodicvaR Hr ntcamg;cheerl mage Capture Chain involves a nunben of

processes At —ont Y FA€EU[ R numggﬁﬁg orfed during rmge capture. The Timge

Capture Cha tua ure—tA—20 W Ln suosequent Sections
Pow . :

detailing {Be_sub-cdipeneh Actualtcy 5# e —SerRsor Fhe—t+rAput—trage—cotes

froman i maJQT’%lensor b, Fﬁa&ifﬁ"&"@aﬁ?gﬁ”a grln?r%s e sensors are avail abl e,

we only congi der phAGE PROTESSMNECHAING er array (CFA). The Bayer CFA has a
nunber of

The previous sections have dealt only with the highest level overview of the PCP functionality
15 . that of mapping CFA images to a variety of output print formats. in fact, there are a number of steps
involved in taking an image from the image sensor, and producing a high quality output print. We can
break the high level process into two image processing chains, each with a number of steps:
. image Capture Chain
. Print Chain

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

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

the quality requirements of Printcam. At this stage, we are not considering exactly how the processing
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attri butes which are defi ned here.

I (via a takipgalsas) s assumed to have been

to renove any aliasing artifacts.

3: 2,

t he Bayer co

lor filter

array (CFA),
a 2G nosaic as shown in Figure 15: Each contone sanple of R G or
(corresponding to red, green,

25 The image captured by the CMOS sensor

SUBSTI TUTE SHEET (RULE 26) RO AU WD 01/ 20547 PCT/AU00/01073
a resol ution of 1500 x 1000 sanpl es.

sufficientl flltered SO0 as
The sensor itself has a P17t i 0 of
-19 with
The nost |ikely pixel arrangenent is
with each 2x2 pixel block arranged in
B
and blue r¥spectively) is 10-bits. Note that
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can be printed out.
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p’lt@@ﬁe?s 1R rﬁapﬁlﬂ&
el t her

t he

pi xel s read @wkwwérmarﬁttdopluﬁse pi xel s are sent to the next position in the

appropriate color plane's inage (therefore in the same
The re¥i145 MEMMmmnﬂmhanar i mges are exactly one quarter of the
They are exactly half the resolution in
Thiée ireage Saptur |Qhain ismaspessibler fer by @fiasge from the Image Sensor and

CFA) .

size of the origina
each di nensi on.

CFA 25 inmage.

orientation

as the

storing it locally within the Printcam. The Image Capture Chain involves a number of processes that

20

with subsequent sections detailing the sub-components.

3141

25

image Sensor 1

only need to be performed during image capture. The Image Capture Chain is illustrated in Figure 14,

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

available, we only consider the Bayer color filter array (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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pi xel s eachwowbdisi he red image Inplicitly offset from tRerNudgedofrge by
one pixel in CFA space (1500 x 1000) In both the x and y dinensions.

Al t hough the gr.een planar Image 46 is half of the size of the original CFA
Il mage, it Is not set out as straightforwardly as the red or blue planes.
The reason Is due to the checkerboard | ayout of - green. On one line the
green is every odd pixel, and on the nqgt line the green | s every even

pi xel . Thus aI te nes.pf_the ane represen dd.and, eyen
pi xel s wit m“ﬂ '{'&Eﬁ?ﬂ#g Je. ﬁad"sp'etshee ré’te'ir?l‘e’yBVgr?ar tg%ga/ygbwf?'ﬁ'%bo
pi xel s. ThlagaﬂﬁgAkmqaﬂt%EQlPM@‘OPbﬁﬂaﬂm lﬂ%%wmqu e "Resanpl e

64" on page 28 below). 3.1.4 Stored |Image 42 Each col or plane of the
lineari zed ROB i @M@“queeﬁ"tﬁ 9fnisonesropding torerh BteeR): a8d Blugyigapectivglylds

nMenory shoulbitd Rote kraeéwlﬂ.xaa tﬁehadsarc bentaingidiemation bisjubinfyie of K, 6f orBIBstRgee” has
been shut off%g égpgsw%fg tal, m%s ma(]‘e n};,anmylm ngd ge(a t he pl anari zed

| i near ap prOXI arranged as

750 x 1000 7535855°EE€e"%%%%%%wﬁﬁﬂ% - @éﬁz?%%yéﬁicer ned

vmthtakln%an exj st ﬂp ge fromnenory 42 and printing It to a Menjet
printer 2. mh'&%a 8 b cally printed as soon as it has been captured,
al t hough i to can ahe naghsensar@0ilstntiidly(td have agompielely linegcrepronsee Therefiethe 18bie a

i ah | qual " pr FBIeHEs fuly GUCE kI Be RBAEETL BnERu. "é’%”f”“ﬁ???‘?é‘?'&f ho”°
Print Chain. The af,"l‘f?f‘ﬂat?‘%’"tﬂp'\ﬂt@\? F seip'ss byé"'%B ?J.'°R§“%L‘aebz"8| |'a3l? 8 first is
the original im

second |I's an int "‘ﬁéﬁgfay’s%f Rg'lﬁsﬁt%sgn Qﬁf ?’?’% ﬁg)@%ﬁ@% %@ﬁ &Lr?é%dtﬂnsm{EEA

pi xel s) 10arfigesthd Feta inpex into the Esand Brtating. This It ermpjsialyfrdependend of the erignfation of the ¢ h

| i nes of 64QRed The préedss B@hdwn u&r&relwl Thedtal BEHE of Titehotyli@juired forREE Idokuptable

Captur & cndT - TRERT & ipehoe e b s 31 o R € X 50 05

nunber of |s CS.[I rgdi ng the enfire imge need to be gathered before
processes Isltﬁg V\Jr?f'?rg %%?ﬂce and range expansion can be perfornmed. These

SLALISICS O Y RS adHs 5 Rk o WS eSSl & BV 0 1 AL

WO 01120547 PCT/
Bayer mosaic of pixels. By this we mean that on even horizontal lines, one red pixel is followed by a

15 Oreen pixel and then by ancther red pixel - the different color planes are interieaved with each other. In
some image processing systems, an interleaved format is highly useful. However in the Printcam

processing system, the algarithms are more efficient if working on planar RGB.

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

20 the planarizing process. As a result, 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 exactly one quarter of the size of the original CFA

25 image. They are exactly half the resolution in each dimension. The red and blue images are therefore
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for all prints of a particular captured i nage 42, and can be gathered

separately fr ed, green, and blue planar images. 3.2.2.1 Build
Hi st ogr am Theﬁﬁio‘@ﬁf{st ep I's to build a histogram for each BET{0W e of

t he col or plane. Each 1500 x 1000 CFA image contains a total of: 5

375,000 red pixels (mn 19-bit counter required) 375,000 blue pixels (mn
19-bit counter required) 750, 000 green pixels (mn 20-bit counter
required) Therefore a single 256 x 20 bit table is required to hold the

hi stogram The process of building the M&togramis straightforward, as

i | lustrated ByO¥Ae0 pigsls ea@h nih the ses jsregedmplicitly offsBbiront the-bige imag@BiboneMixetiy CFA = 0

EndFor For Pisysth (500 HRDE)TH Bot thé ParkiyRERFSGs. P = | mage(Pi xel | Entryip) -
Entry(pl+l EndFor 15 3.2.2.2 Determ ne Hi gh and Low Threshol ds Once the

2' ft ogram has beenmﬂiﬁmﬂﬁﬁfbfaﬁﬂlﬁmégb?ﬁ %thﬂéfrtlﬂéls&ﬁ@fithd 6ﬁgi§é%Fhﬁnd§§,gtC§c AcPset
etermne a _hi r.es ese._fhres s .can be used for
automating | &t eagg\%ﬁ%%gmggfya?ﬁé"ee ’ ‘ﬁ%fq’ﬁ"gr?gées- gﬁepﬁﬁ?f‘gsn‘%&ﬁ ‘?’ﬁﬁ‘l’)ﬁ?@’%?"i i3yout of
process. Basigregn-Cinene live &wigteenils evsry odthpixeh @ndbesy theyfexidineibe grednrisavery leesnipixalt Thgs am
we consi del lalignaidfnes’d thd @rek R RiinelPbpreabis oddunl BveR pRES AR e S dmbdachit %?re@:qual :
In the san® W@{ai e CO&QI %@; th;e 1;?1_'9/ I |ghtg%§ égl';é%les t 0 be expendabl"e and
t heref ore eqf&l™ M8 SeRa st vAGe& '8?“’?1 rificaligns e e fesageiiia PSR does ofesamte wi | |
depend on t hé4GRpagedSpeioe characteristics. The process of determ ning the
n% dar kest values is straightforward. It involves stepping through the

col or pl ane' 8.1 st &tgredimdged® t he count for O upwards (i.e. 0, 1, 2, 3 etc.)

until the n%total is reached or we have travelled further than a set
anount from 0. TheE#mhghiexnlangfof hi insarizeiREB émdas is wriliersfodement forhemiocary dtdreges hol d

of the color Tmramws@sbmwmhahwmmsmg@lisfré:aﬁe@m@uﬁ?mgmeaema@r kest 25
val ues, the difference can be considered expendabl e for the purposes of

range exp@nsi on antheaahi@moursrinemery RguireBBHE bikkiized RS Ridhéis 2 60000 HldedNO
01120547 PC—”(M)Q%Q&!;Q {8 MB) g’t%nged as follows:

R: 750 x 500 =375,000 bytes
] B: 7580 x 500 =375,000 byles
. (3: 750 x 1000 =750,000 bytes

3.2 PRINT CHAIN

15 The Print Chain is concemned with taking an existing image from memory 42 and printing it to
& Memjet printer 2. An image is typically printed as soon as it has heen caplured, although it can also
be reprinted (i.e. without recapture).

There are a number of steps required in the image processing chain in order to produce high
quality prints from CFA captured images. Figure 18 flustrates 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 pixels), and the final
20 resolution is the printer resclution 52, with lines of 6400 bilevel dots.

3.2.1 fnput Image

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

25 A number of stalistics regarding the entire image need to be gathered before processes like
white balance and range expansion can be performed. These statistics only need o be gathered once
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The process of determning the n%lightest values is simlar. It involves
st eppi ng t woughsithe color plane's histogramfromthe cegffauliddia’ S
downwards (1.e. 255, 254, 253 etc.) until the n%total is reached or until
we have travel l.ed further than a set anobunt from 255. The | owest of these
values is considered the high threshold of the col or plane. Al though there
is a difference between these |ightest values, the difference can be
consi dered expendabl e for the purposes_of range expansi on and col or
bal ancing. 5 The reason for stoppin é?f’er a set distance fromO or 255 is
t 0 conpens & Arigts ot apsricyiacartyspd imagg;do.and can b gaghered separsatelyfromdie rad gean.and ange
is | ow, or bluepladaeimagéshere is no white or black in an image I n these two
cases, we don't want to consider the entire n% of upper and | ower values to
be expendaii2zg sBuiddistegrdamve a | ow range to begin with. W can safety set
the high 73 and low 72 10 thresholds to be outside the range of pixel
val ues actual |y ZTbafisitestep is Rriwildxkistegrath for each B-bilralue oftheeoiardplane. Each 45001000 ut
Wil be tWorg @Rk edhahs atotsiefPl € col or range for a color plane is shown in
Fi gure ]?19 Not e that although the entire 0- 255 range is possible for an
i mage col o pl and’%00predpixels tip, d &bt opmtertequited); \pye has a smaller range. Note
al so that tehe sanrs,008blé pikaminmoritigmter fequiréd) | S represented by a | arger
range in the | ow 70 t ha ' ' 71. This is because the

9 . 21N F}mln%&%h%u?kg{%?\gﬂg

hi st ogr am nust c OFERP AeRLRE I xel's h“val ues cl oser together

conpared to the L"’ﬁ‘ﬁ‘-"%% S‘P‘J'gfsmezm‘g%ﬁﬁﬁg{*%‘?“%5‘3“&*35'?5-“0' ds nust be

determ ned for eac ane in This 1nformation will be
used to cal cul at gnd GRARs SF Bliing Hé Mdidgra isf elgffoRyehd 2B GubtRRS tytnd Rflodid €

whi te bal ance and range expansion process. The follow ng pseudocode

i || ustrat e®TA¥H ocess of determining either of the two thresholds (to
find thelow threshold_ 5StartPosition =255 and Delta = 1 To find the

hi gh threshol d, rdStmetoPosedsion = 0 and Delta - -1). The pseuudocode assunes
that Threshold is @eribite val ue that 20 waps during addition. Threshold
StartPosition Tg;dzi; = 0 TotalDelta = 0 Wiile ((Total Delta ¢ MaxDelta) AND

(Total < MaxPixels)) Threshold = Threshold + Delta Total = Total +
Ent ryl Thr eshol d] *=28 %ot AP1&TEE *° 18¥8FPelta + |  EndWiil e SUBSTI TUTE SHEET
(RULE 26) RO’AU P = Image[Pixel)

Entry(p) = Entry(p]+1

EndFor

15
3.22.2 Determine High and Low Thresholds

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%

20 darkest pixels to be expendable and therefore equal. In the same way, we consider the n% lightest

pixgls 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.

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, 1, 2, 3 etc.) until the n% total is
reached or we have travelled further than a set amount from 0. The highest of these values is
considered the low threshold of the color plane. Although there is a difference between these darkest

25 values, the difference can be considered expendable for the purposes of range expansion and color
balancing.
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WO 01/ 20547 PCTI AU00/ 01073 -23- Return Threshold 3.2.3 Rotate | nage 61
Rot ati on of tggni”%%e 61 is an optional step on both the %&U«)ﬁmﬁﬁfi Pri nt
and Reprint ocessSes. Different print formats require the inage to be
rotated either O or 90 degrees relative to the CFA orientation, as shown
in Figure 13. The rotation anount depends on the currently sel ected print
format. Although the direction of rotation is uninportant (it can be
cl ockwi se or counter-clockwi se since the new orientation is only
facilitating the printhead width), the r#&-ation direction will affect the
rel ative regi stratThemooess df HelerBining hem%igizest walued isisimiaryit bynivesstéppiog thidygh the
rotation reqy : ;Wfrmb; ok 6 adurRiias §.0.5258 268 1280k1c. fdnh 1R dopRiafl | ON.
Table 7. Rota ilgrg%gggfr;o A orlgent ation for Psr'lant Ifz%%rrg%§w§(; ri L, Eor mat
Rotation St &#Rgreder omil whavg Saysiadfurtber thay 2 yshpaughTom 208- B8 'oweR ShiR Plues o
Since we ar e chiafdadel he nigh thyeshyd & trercolB(blaie.gutamgh there is adiferamsd bebreen hededighitest
during the rotation .15 process. . (P WeTAN Qos df Rfagd SBSRIoh 3R Qfor I €ad
row by row, Al %‘f’ d'ger?’bcga qgenég'sr'feg%,e%{?géblﬁnage @Iépr? esbe r%ad coiounn byr
col umm. Regi $eleedngon of the 3 color planes nust take the rotation direction
Into accosint. 3.2.4 Wite Bal ance 62 and Range nNsi on 63 hot ogr aph
i s sel dom taken i nThexeagon for gtmwnﬁgﬁ%aﬁeﬁdts%??é@%é{fgﬁ%ﬁg "9'8'?93'75%%?{) %58‘% o
"perfect |ighidetg conditions” Is fraught with subjectivity, both in terns
of phot ographer and, supj ect Aowewer, in all cases, the subject
matter of a photogMaph |§nqlqa[%‘rﬁrﬁ%rtagg.[ y light either froma light 20
source (such *as theherathersis forndine blepkihe? M8J® or its own light (such as a
neon sign). In nost |ighting conditions, what naqx appear to the
phot ogr apher as " wifi these tyoj agpas, we donfjwarhjocpnsiderhe ¢ @r??%ﬁPﬁpéfa"Pf?HB’oVP’”Fﬁtaﬁ?i ng
for exanpl e, dqpisbr dite R@hate ¥ oW oiieaadégin sithd Wehias syfell Isetvheckight 73nerid] lomgpear
on an uncqgpr Ry § vaRBORM BNy ahhBled, Thd Skt 6RBAce W dofiéia bh nal
uncorrect gg Sﬁ%i%gasﬁg%g‘?é w%r?g.opa%tﬁougﬁmigty mag'ematch t he vt?eevvi ng&
condi ti ons attheFfé byt wil be e cp8BBgr aph was taken, it does not match the
percei ved color of the object. It is ther,ebore I UC| t rfaor ite
bal ance on a phot odysapple c3% 395 B aLogr RIFeISTge ™ g’ﬁ‘f".’ %%ng%F%wre(oRULE
26) RO AU WO (b Riagedd pde€itlé st kXnBdeGd8r plane’s pixels, this particular image has a smaller range. Note

also that the same n% histogram range 70, 71 Is represented by a larger range in the low end 70 than

in the high end 71. This is because the histogram must contain more pixels with high values closer

together compared to the low end.

15
The high 73 and low 72 thresholds must be determined for each color plane individually. This

inforrmation will be used to calculate range scale and offset factors to be used in the later white balance

and range expansion protess.

The following pseudocode Hlustrates the process of determining either of the two thresholds
{to find the low threshold, startPosition = 285, and Delta = 1. To find the high threshoid,
StartPosition = 0andDelta = -1). The pseudocode assumes that Threshold is an 8-bit value that

20 wraps during addition.

Threshold = StartPosition

Total = 0

Totalbelta = 0

while {(TotalDelta < MaxDelta) AND (Total < MaxPixels))
Threshold = Threshold + Delta
Total = Total + Entry{Threshold]

25 TotalbDelta = TotalDelta + 1
EndWhile
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-24 In the same way, an inage can be perceived to be of higher quality when
the dynam g@pgar of the colors is expanded to match thecéAbdoni@sge in
each color plane. This is particularly useful to do before an image is
resanpled to a-higher resolution. If the dynam c range is higher,
internedi ate values can be used in interpolated pixel positions, avoiding
a stepped or blocky inmage. Range expansion is designed to give the full
256 val ue range to those val ues actual sanpled. In the best case, the

| onest value is mapped to 0, and the fil ghest value is mapped to 255. All
the intermedi at *FPIREAPE mapped 5 to proportionally Internediate val ues
between 0 and 255. Mathematically, the operation perforned is a translation
of LowThreshold 72 to O followed by a scale. -The formula is shown here:

Pi xel ' _ (BRRel Botptglnege®no| d) x RangeScal eFactor where RangeScal e' act or
= 256 (Hi gh Threshold -Low Threshol d 10 Rangoagc‘g Fact or houl d_be
limted to a maxRetatep\ehigdmees 1% a2 8 t{"’ﬂﬂ step op ‘3<§ e Pt and Repdiat ¢ oo
far. For dp(beashs. on cal cul ati ng LowThreshol d, 72 see Sectl on 3.2.2 "Gather
Statisti These val ues (LowThreshol d and RangeScal eFactor) will be
differen for eaDifferent|pdnt fqrinats eequicertble ioageytorbe axtatedeitherd ar 80 degrees eslativmtodheper

I mage. Bot BrA 3sdhbaiérBs QfemH Wuw&emébmntmeﬂwsﬁms &%&Hﬁ’éﬂy's&e&éd}uﬁﬁ 20:

15 Since this step I nvolves scal.i

fractional fogashfitieugh the Jirectignof Wé?ﬂ?f‘éﬁl"@ﬁ‘? Z’ﬁﬁh bmﬁg&\’aﬁ? ?fé""f% 'ﬁB\éTMwF?ﬁB'"feo

5. 25. Rat heie nbk anentitiercia odly fabiisatihg thetprinthrag mmm]@mmn djcectionywitl affegt the refative

result (8 bégfsﬁatgif: oﬂﬁ@@gﬁ& plaresOTablel7uinimarides @ia rbtatioh RRAUIRGXJr eBdha@Rt fenal it | MBQgE

processi ng cChal n. cannot afford the nmenory to store the entire inmge at

more t han ﬁ‘el?f“i'%a'cfﬁj?"eﬁ’@m@an make good use of the higher resolution in the

resanpl ing stage. CongRuRALioks irbR CFARMbnIGHIE: brint Poribiss, and the out put

i mage h&s 10- bi t s per—color—corponent—Fhe—togea—proeess i s shown in

Figure 21. It is | nporwmroﬁmt have a fl oor Rofati@n duri ng t he subtraction so

that all val ues be |Seiaard 50 Lowlhresrgol d 72 to be nmapped tp 0. Likew se, the

mul tiplication W‘Lpa%x'?afl (,en | | Ty 991 255 for tne itnreger portion of the

T —73{w || be nmapped to-
| Fal

result so that |nF v-ar-t At gllcl Fat—Hi gillill €S0
255. 3.2.5 Resam:‘ﬁg"?{ﬂ"'crﬁ CEA—o4 'gp' provides St bl or conponent per

pi xel (x,y) coordi prpbnait 3 produce O{hP final print ad | hge we need to have
the other col or conponent val ues at each pixel. Utimately we need cyan,
magenta, and yel SHG WBRE ORINGRTN DY Csor A0 degreps. hp jnfammatigy is 'E"’(S duging; e rotatiort.y o
magent a ar;)d;ogsej RoPsroldtion\sf ONtB€ichageccn b fead fowetydlow) lantfor AbEaiion@E190, the image can

o Sobe - o il S SRR 158 50 R 6 v oM T

account.

P

3.24 White Balance 62 and Range Expansion 63

A photograph is seldom taken in ideal lighting conditions. Even the very notion of “perfect
lighting conditions® is fraught with subjectivity, both in terms of photographer and subject matter.
However, in all cases, the subject matter of a photograph is illuminated by light either from a light

20 . .
source (such as the sun or indoor lighting), or its own light {such as a neon sign).

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 yeliow cast on the final uncorrected photograph is
wrong. Although it may match the viewing conditions at the time the photograph was taken, it does not
match the percsived color of the object. it is therefore crucial to perform white balance on a photograph

25 before printing it out.
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particul ar position, but we need to estimate blue and green. O we may have
green, and n estimate red and blue. Even if we did full

red, green, gﬁgm%zﬁslﬁ col or conponents for each CFA resol u%’?ﬁ’ﬁﬁ"‘%‘?@éﬂ, t he
CFA resolution Image is not the final output resolution. In addition,

al t hough the output format wvaries, the physical width of the printed inage
Is constant (4 inches at 1600 dpi). The constant width of 5" the printhead
is therefore 6400 dots. There are two extrenme cases to consi der:
interpolate to CFA resol ution (niniml i%terpolation), and then perform
shar peni ng, col or Indwesese wivoan imaderah beypesasiybdto bpofihighariyealifymiben the dmarnia rangm .
Thi's has t heaglaRkas expdided RS Bkl raf itk BRRAicHE JrRb. s 9 FtichilyQUsetul to do
conversion at .the | ow resol uti Oﬁg{'ﬂ However ‘%]% has the di %a‘%van- td?a%e Pf

equi 1 ng moPeSTE SRS 4 Epaneigg fo A Hiane eso i P ee Bils Bieh Tyegpediiyelves

i nt er pol at edcan teages io iInterpoiated phdipasiiony avaxdby astéppedxe blopiydnagecRénge pxpessiopdd at ed
during the fh%fg',—.?aég @L&hé‘ﬂu i43 va[}%;g ge@&&&%@%ﬁ%{:’t@i&ly sdrbpicd A helbast cdsB8he lowest

di sadvant age ITing a sca up unit at_1s caﬁable,of roduc- ing 1
BTNt~ res | neabebmepet o 0ein e ahest (e ds mappectia P AL MeEnedls vafiss e mapped
resol utiorf tdmipon@afyosteimehas pRies bgwannd ach?sdr conversion. This has the
advant age of only one resanpling process, providing maxi mum accuracy.
However |t has t huatiknsatichihg e agpeatioh periemned isiarignsistisread LewThresiai 72 1o figfowedby
capabl e of pyodUCHRGorhubisshddRinerel Nt €r po- | ated val ue per cycle as well as
perform ng sharpening and col or conversion, all on an aver- age of a single
cycle. The sharpeni ng kernel | he CFA-res 15
kernel to the high-res "%ﬁ%‘e‘W@%’g?ﬂ@?%”ﬁ%ﬁ?&%ﬁﬁ?ﬁ%&“’% here nust be at
| east 3 wi ndows kgpireont o SB4I PRkto) B Lni nber of
6400 entry |ines) since onm%’j% ngl e pri nfHighdtreshelde lopelirestigd®nt a, and
yel l ow dojs represent dots from6 different lines. Neither of these cases
take into account the fact that the final print output is bilevel rather

t han contone. Cons ol ] ' 1S4 O
resanpling, and acﬁ%ﬁ%%%%ag)w %}glg?b%ﬁ@%n@& amnrreg'? @dﬁs %’%}?&Hﬁ%&%ﬁ@ﬁ%

i nterpol at e fagssiae foh Ferdatalsog cacualivbion pBihold. 3R 8p9.R8HR G 280 Fae) FAtstednPetSsi on
20 occur at udesimivineseol atdrdangsSokiertacon willfue bifaew tbr bachaolsqidne -anp oflpnged tont

resol uti on. @96*55'?55?5'%@?&%5& resol ution nmust be | ow enough to allow the
advant ages of small shafpenring kernel size and color conversion timng.

But the internedi agg, L& ehiHeluRdkaila bimdRanbtugl)) o8 BRWAR Fifretdgat there is no
|l oss of quality scaling up to the print resolution bi-level imge. The

ef f etct rrus@ilt be t hesﬁ?ﬁriﬁs A hhix\fo!v%sfbesfcﬁin%@v%c@s. waicgvgse_eeﬁ't M&%Brﬁ@‘r@ﬁémﬁl%&sznbrﬁ&
print resolution (ratner a . | N | | .S 1 nteq as
D600 dpr i ¢ HePRerelaEs, he ke 8 ey mah 535 Refp iy Yoo Pefocudalp bt i) 2° 22
dpi contone pa#sagdl biGesul bpite ptittyaen 2 of fractionherdp e aext stags of the dimege protedgan daint one
SUBSTI TUTE  Strfakednnbif2br-thé ool A 410400 341200406 abiadré Ak 3-BitsO8UdVi8 canmidfRe good uss
of the higher resclution in the resampling stage. Consequently the input image is B-bits, and the output
image has 10-bits per color component. The logical process is shown in Figure 21.
it is important to have a floor of 0 during the subtraction so that all values below
20 LowThreshold 72 to be mapped to 0. Likewise, the multipfication must have a celling of 255 for the

integer portion of the result so that input values higher than HighThroshold T3 will be mapped to 255.

3.25 Resample 64

The CFA only provides a single color gcomponent per pixel {X,y) coordinate. To produce the
final printed image we need to have the other color component values at each pixel. Ultimately we need
cyan, magenta, and yellow color components at each pixel, but to arrive at cyan, magenta, and yellow

25 we need red, green and blue. With our one-color-per-pixel, we may have the red component for a

SUBSTITUTE SHEET (RULE 26)RO/AU



pi xel s provides no perceived |loss of quality over 6400 bi-Ilevel dots. The
| ater scal iwpoipesgy 1280 to 6400 is therefore an exact sSohAifesimbi 0 of
1: 5. To decide how best to resanple, it is best to consider each col or
plane in relati-on to the CFA resolution. This is shown in Figure 22 for a
rotation of 0. 32-5.1 Red 45 and Blue 47 5 Looking at the red 45 and bl ue
47 planes, the full CFA resolution version of the color plane can be
created by scaling up the nunber of sanpled pixels in each dinmension by 2.
The internedi ate |er s can be generated b nmeans of a reconstruction
filter (su®@prticuarosition c%&ed‘Feﬂle?;ngrBﬂ? Ple aP‘F gl YOr we gy haye, green. @d Beedrio n

t he kernel estinategdianddile. Si nce the kernel is symetric. Since red and bl ue
have different offsets in terns of their initial representation within the
CFA sanpl e space Everiéwe did havalthegulloed, igrees, and hiue balor icampoeénts/fot dacty CF Al resblation nt .

10 The DR, a0ngLrRHsfblon FR20E Enakdleialoliul&BRADR 8o dudighe AR iila! s

depends on the current tion of he reégl stration of

D1 X6l CharTEis. U B Kb LHe pee Heroe s copsian o 'r&eeraéé%owbmgaqsmdm ot

f or mat ) . _ Falie prictdeinsthérbfae 68d0adats. t he fol |l owi ng rel ati onship holds: (-L-) +kl1
MP Yf =T..1 + k2 15 MP where x,y = coordinate in nmediumres space Xx'y'
= coordinate in immbresmmenmsstmwisidm res pixels per input space sanple

20 k1.2 = (0, - lfﬁ;rggﬁp?dﬂ'é#ﬂﬁsaﬂmﬁ UhiimaPiRterpdlafionfT A theh B@ﬁoﬁ'sﬂﬁﬁarﬁh Start 1 NG

position in input can generate a 512 g? lg medi um resol ution
pi xel s by addi ng cavamioa finaly scale up tafhe Poptetpiufien; Tois fas e gdvpntage ¢fiaoastanth o
fractional part sadmpeningikemei ahdicolon partversipmataheclaw reaseutidn.rHiopevey it hasttle igadvanooki ng

up the kernel co aBHts 5
SUBSTI TUTE SHEETQ‘JZ%JEIE&QIEW t“ (s is pOERiShis Edt%]b@gtgm&%%zg;“ﬁ@gge‘t?hat

k1 and k2 are 0 d&fepe %'“G”EF@'&?HH'P??@”“HP ingraedy I"tefpr?ggg Grrira hedioal sealsmtopit od by
0 or 900degr ees .resbintinelt AscHasthe disdivantagewbreqdiring alsdalesupcinit thaf iscapahle of pebdn d

bl ue pl anes. assig4 mg,,p@ip,te,rpg.ged;ameq,gmae of 90 degrees is anti-clockw se.

Tabl e S. Effect of Rotation on rotation is anti-clockw se) Red
Bl ue interpolate to the print resolutton then perform sharpening and color conversion. This has

the advantage of only one resampling process, providing maximum accuracy. However it has
the disadvantage of requiring a scale-up unit that is capable of producing 1 bi-cubic interpo-
lated value per cycle as well as performing sharpening and color conversion, all on an aver-
age of a single cycle. The sharpening kernel must be large enough to apply the CFA-res

15 kernel 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 lines) since on a single
print cycle, the cyan, magenta, and yellow dots represent dots from 6 different lines.

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

The solution is to inferpolate 1o an infermediate resofution. Sharpening and color conversion

20 occur at the intermediate resolution, followed by a scale-up to print resolution. The intermediate
resolution must be low enough to allow the advantages of small sharpening kemel size and color
conversion timing. But the intermediate resolution must be high enough so that there is no loss of
quality scaling up to the print resolution bi-level image. The effect must be the same as if there was a
single interpolation to the print resolution (rather than two).

Since the print image is printed as 1600 dpi dithered bi-fevel/ dots, it can be safely
25 represented by a 320 dpi conlone image. Consequently an intermediate resolution of 1280 contone
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5 Rotation From Oigi nal Format CFA k, kz kt k2 Standard 30 90 0 -0.5 -0.5
0 Passport 3go808;70.5 -0.5 0 Panoramc 33 90 0 -0.5 - ‘;} Q _Thunmbnai |
32 000 -0.5-0.5 The nunber of mediumres pixels per sa?ﬁﬂ @,Uﬂ%@?g’ depends
on the print format. Gven that the planarized RG inmage has the foll ow ng
red and bl ue planar resolutions when unrotated: R 750 x 10 500, B: 750 x
500, the scale factors for the different output formats (see Figure 13 on
page 17) are shown in Table 9. Note that with the Passport inage format,
the entire image is resanpled into 114 o46- t he out put space. Table 9. Red

and Bl ue Scabigeldmeiidas So fereividTees €f duality @vkcB400-6HeVE ol TROEIBOSCEIRG frbth 1288 to 6400
Standard 30 Passport 31 500 640 1.28 0.78125 15
o ani ¢33 3B SR Sy B, L T 30 780 <> 1280 1 710, 5848
As can be seen in & i e [ cal.e for all
i mage formats. Coﬁ%’b{egﬁﬁeeﬁﬂ%/ﬁ&gr&% p\@'ﬁixf Q%sgt% %Egrneéchgqolgr STg' rgl?ﬁ)’fma@? EF?A
i ntroduced bieselvianTois EpeniFigret2derarotglion of.2 Green 46 The green pl ane 46
cannot be si rTEIéy scal ed ugl in the sane way as red or blue, since each 20
§ddn He

line of the Rrdgiand B¢ &5ents different pixels - either the odd or
even pixels on alternate |ines. t hough in terns of the nunber of pixels
it is representati V@k‘?%até’}?)fe‘{e‘ﬁ@"‘éélé‘é% ’?’%ﬁﬁéhq Rl Ghi\gespluiqyygrsiop glihe ¢qpr glanec oul d
equal |y be sedancbetcmaled b §8iDg up 56 OumbEhéfsamped phelsdmeann timersioh by aUhe intdmddhae
checker boar dpixdhddaH b6 amemteta%y SRR Bf DibSsPuctdd MEQsdch 8 QL&E{EF CPERGINRPReR Xel S

is not equal .in x and . i.mensions, .and, does not nap well to | mage
reconst ruct i SAY 8 cﬁ@?ﬁ’ﬁ’b%i Fmﬁlﬁse'eﬁﬂﬂ'ﬁ%é}“c%'fqe fs“ﬁ'feé‘rsﬁm'gﬁh?coﬁ’“%f’%ﬁlﬂ'sb%ﬁé‘éﬂ by
ot her syst entiffgrent offsete vterpb affikeiriniielgensesentetion efthit e CEA tampissyacedhd ihitiss positibisom
near est nei ghl@em@Ritiveairi@n to linear interpolation to bi-linear
interpol ation and heuristic reconstruction. 25 SUBSTI TUTE SHEET ( RULE

(2,6), R?zsAg MO 0112 ?5111_73 :Pagmhﬂm{gmda&amazaﬁ(ﬁ o @f?e?,&i tf,a l@xpﬁ%{co&liﬁ:ﬂég Rk ¢h ARt €s
in spa [ s _i.5 _congeptu sane for_green as
i or 1 et Sadof B itk 8 VB oudraf R BROH Rrendes i e SPEatr g HB e
i mage, si ncersreRRdapenfingop gt lemabfFopies endbluetfen gesfolipvingirelationaltip balds( ei t her 0 or

90 degrees depending on print format). For the green plane the foll ow ng
rel ationship holds: 5 F m+ Kki
f X
mp.

y = (;-n%- +ky
15
where
X,y = coordinate in medium res space
X'y’ = coordinate in input space
mps = medium res pixels per input space sample
20 k1.2 = {0, -0.5} depending on rotation

This means that given a starting position in input space, we can generale 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 kemel coefficients for image
reconstruction and resampling.

25
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nF where x,y = coordinate in mediumres space 10 x'y = coordinate in

| nput spacewgmd2asamedi um res pi xel s per input space sanplecridwdieTs (0,
-0.5) depending on rotation As with the red 45 and blue 47 planes, the
nunber of mediumres pixels per sanple, nps, depends on the print format.
G ven that the pianarized RG inmage has the follow ng planar resol utions
when unrotated: R 750 x 500, B: 750 x 500, G 750 x 1000, the scale
factors for the different output 15 for,&gts (see Figure 13) are shown in
Tabl e 10. Note that with the Passport Iffage format, the entire inmage Is

resanpied into llﬂP‘%ﬁ‘a‘ﬂ‘h@‘dd‘aP'ﬁGtanéﬂartf@W"F%%W@e’@E’@ﬁeP#sa\’ﬁ@‘@é'ﬁFEYWctors
for 1mage Fgy iggfeds. TaOI6 e%how@«n@vmsw lahd"RySin the!red B Bhue3Slands) Wsufnirad Ghat eS8

0. 78125 Pass ort 31 1000 640 0.64 1. éez5 Panoram ¢ 33 500 1280 2. 56

0. 390625 2(rotp r%welsres@swﬁémmg@ 0.85 1.17648 These scale factors all ow

t he mappi ng of coordinat et CFA res |o and medi um
res space. However, éﬂ@%g A \9§°'§"?:'b?¥‘rﬁL g}% E?ﬁfigﬁ"é'ﬂwﬁ"hn i npyt
space, we cannot performjl mage reconstrudEtlon Re resanpl i ngy,en thg
sanples in the same way ag REroOigindte .10 the checkerboayd natyre of
the greed pl dne 4ﬁomhﬂstecé{ﬁ$8rcrg e purpbsebl of | hilgh qualksty|i nege

reconstructi Llstﬁgﬂ.‘j‘,@bdnp[ g, Wegocan Z5fgonsi d rost ne jgheen rBannel to be
an i nage rot gted %‘,?J—'n'.:; -degrees—Vilerr—we—t Jgk at pl _Qg TS
UN

SUBSTI TUTE S E OR\ ROL ALY 01/2054 F)r:rl[ \-’11 D 1 |4 Cht, as
shown in Fig I’P@"Wkﬁsji gh qual 118 i nage anqf a K AR n@ampl ilng

met hod becongshurenali 32 LooKi ng at Pi gure 289 the b st ande®Bet wedP  he
sanpled pixels in the X and Y directions is now equal. The actual distance
bet ween sanpl ed pThe@kmbdrof ediugsres pikelssner sample. /ps. dergndsconiip print farmat. Gwen thaton,
for the gremgpeRAIRGH iMEEH hak &.emo\mﬁg“ fe® BY biuEGRar resRBGHs wHér infitatedni: 750 d

resanpl i1g ngrRpat t Qn f||

used as for Sdroésa-;% 5%8] "?eo 'gfac'fmn Hgnﬁe“gﬁ ?Eﬁ?'{“%%g%%(f d;ﬁ”g T e? Th| S
i s because #hewnin ab!? Pdﬂ%ﬁhﬁ Mbihﬁ/é’@?ﬁpgfh@asaﬁmﬁt g gntiredmaagis rggeagiad !Eh’d"t ¢fe

hi ghest fremuemngysgage.t he signal is different to the relationship for the
red and bl ue planes. In addition, the kernel should be normalized so that
the 12 di stance bet wdable 8.Redland Blye ScateEactory for jmage farmads nel coor di nates go
(the unnormal i 2 bet |InsCOI‘dI na;les must ktill be
used to deterrmy 3l ia i olecur W7 of e e
require two tr'§é{‘6ﬂ’r§& i ons} 590 1280 | 256 0.390625

Passport 31 500 640 1.28 0.78125

=
Panoramic 33 250 = 1280 5.12 0.1953125
Thumbnail 32 750 = 1280 1.7 0.5848

18

As can be seen in Table 9, the red and blue images are scaled up for all image formats.
Consequently there will not be any aliasing artifacts introduced by the resampling process.

3.25.2 Green 46

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

20 line of the green plane represents different pixels - either the odd or even pixels on aitemate lines.
Although in terms of the number of pixels it is representative to say the green image is 750 x 1000, the
image could equally be said to be 1500 x 500. This confusion arises because of the checkerboard
nature of the green pixels, where the distance between pixels is not equal in x and y dimensions, and

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.
25
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The first is to map unrotated CFA space into rotated CFA space. This can be
acconpl i shengJl@nQ%,,rml tiplying each ordinate by 1/42, sipggatendsn
rotating by egrees (cos45 = sin45 = 1/12). The second Is to scale the
coordinates to match the normalized kernel, which can be accom plished by
mul tiplying each ordinate by 1/12. These two transformati ons conbine to
create a nultiplication factor of 112. Consequently, as we advance in
unrotated CFA space x by k, we increase by k/2 in kernel x, and decrease by
k/2 in 15 kernel y. Sinmilarly, as we aance in y by k, we increase by k/2
in kernel x and | neneaapindyf oitb@ coodibetesr(inl 1280¥spachhte inpel oidipatedis pancéphialyden
these differcnte GORLAAREroSUILRIBuCTHE difiphnd bibtshdadh @ dient RS ol inghenhat
medi um r eso

occurs as we generate a line o ) esolution |xelsfrmaCFés ace
i nput i mage sin@ithespgigrationHf Rlvelsghapoeswith Frigtian feftherdo( 5P R??iﬁes depapaing o gty ﬁ‘?a(% at
x=0, and advapqe ghaR Qiahd MBRIdMAg reldtioiRsip hg@ner at i ng a new pi xel at each new
| ocati on. The novenent in unrotated CFA space by 1llnps can be deconposed
into a novenent in x and a novenent in y in rotated CFA space. The process
is 20 shown in Figure 25. Since %06%1? n45 = 1/12, novenent in

unr ot at ed 8CFA space by 1l nps equat eSmpg edual novenent in x and y by

1/ (nps42). This anmount nust now be scaled tp match the normalized kernel.
The scaling equates to another rmpld|{pXi ijon by 1/42. Consequently, a
novenent of 1lnps in unrotated 25 Tl E SHEET (RULE 26) RO AU WO
01120547 PCT/ AUOCO 01073 -30 CFA space equates to a novenent of 112nps in
kernel x and kernel,y. Table 11 lists the relationship between the three
coordi nate systernswf'%? the different formats:. Table 11. Geen Plane Kenal

, & Val ues for |nmagg, E . g ot at ed CFA space A CFA Space A
Kernel A Format Sg'gll 35@533?36? %@‘%%T‘%%JQNPS npi f2 2nps Standard 1. 28

0.78125 0,552 0.39%.,.P i .d. 5625 1.105 0.781 Panoramic 2.56 0.391
0.276 0. 1§‘§ Thunb% i |dg§§.’§%£'&f"€"}g‘%8 0.832 0.601 Table 11 shows t hat

movenent in kernel 3paggyins re@baystr Bpit SpaBdistple | €SS than 1, but in rotated
CFA space, only the Passport I mage has a A value of greater than 1. As a

result, atiasing Wll=pl8sRiefdlind SHrothta Passport print format, but not for
any of the others. Fowever, given that the A ls alnost 1,

As with the red 45 and blue 47 planes, the number of medium res pixels per sample, mps,
depends on the print format. Given that the planarized RGB image has the following planar resolutions
when unrotated: R: 750 x 500, B: 750 x 500, G: 750 x 1000, the scale factgrs for the different output

15 formats (see Figure 13} are shown in Table 10. Note that with the Passport image format, the entlre

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

Table 10. Green Plane Scale Factors for Image Formats

Format Mapping mps timps
Standard 30 1000 = 1280 1.28 0.78125
Passport 31 1006 = 640 0.64 1.5625
Panocramic 33 500 = 1280 2.56 0.380825
20 Thumbnail 32 1500 = 1280 0.85 1.17648

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

checkerboard nature of the green plane 46.

Instead, for the purposes of high quality image reconstruction and resampling, we can
25 consider the green channel to be an image rotated by 45 degrees. When we look at the pixels in this
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and that each of the 4 images is only 1/4 size, aliasing will not be

noti ceabl ewoanpesar al |y since we assune ideal |ow pass fedhaibdfzdn the
green during inmage capture. 3.2.5.3 Reconstruction Filter for Red, Blue and
G een The exact reconstruction filter to be used will depend on a nunber of
issues. There is always a trade off between the nunber of sanples used in
constructing the original signal, the tine taken fir 15 signal
reconstruction, and quali ty of the resanpled image. A satisfactory
trade-off in this case is pi xel sarriﬁges from the di mensi on being

r econst r udigelgas shewe &y M% L?n'llgft fH2lite imagergacansiryyian endoresarplingemethed becormes], X,
X+1, X+2. dadge to the nature of reconstructing with 5 sanple points, we only
require 4 coefficients for the entry in the convolution kernel. W create
a kernel coeffi diogkirig dt Bighre 23,t thebédistantie bltweenaind sampled bikéls AL X &l YodireGtRRPRNENT .
Each entry has 4 coefficients. As we advance_in output space, we nmap the
changes | rmoweayaliThe actuskdistance betwergsampled RWPIHJZM@USMWM‘* space. The
nost significant bits of the fractional conponent in the 20 current kernel
space are used tTheisolation for thie @reieh ehdoeel theh, isio @érfam iingage secbasbrlidtion drid résampliagar e 64
entries®in, }J?ﬁ?d éﬁsgiﬁgﬁ%@hhésaﬂmnm&mﬁnefrwsu mob;egaﬁnpaﬁgerealm.&e%kook up

the coefficie . es IS |C|ent‘I’ the resanplin

Printcam 'SF‘E!SBWH'P&r%W"'G?“’PﬁBe?ﬂSEdF relaliopShiPSatvES thezemeling rate fof o g‘Ppened
bef or e bei Wghesifreduiensy in theckignbilis/differémtto tehelatioashipiiag thieirédand blséplaries! lmmaqzrptheed In
the CFA ! SQfleboll nt!Réfhile EPWERE 2 Bitaicd DoMEROSNGRR bidofes Zisrra%%ekmuon we

do not have Infornati on at eac i xel nst ead we onl(y have
red, bl ue BPigpiesse Hee %{‘"g'r'\?léZﬁd Sisianges paiveen E?ﬁamp@ﬁga?%maﬁﬁ must il 0% 3se B ane

i ndependendeteymigeé wigether aligsing will aolirdwowever).f Therefore UYBEIN I Wo FarBfdahaliofsRULE 26) RQJAU
WO 01/20547 PCT/ UGN it 0dap unro%kd%ﬂrsaeal.mro&mwﬁ sbsaatﬁmapse mdnaﬁdt o the

| um nanoe channel of an | nmmag hue and, saturation_of gi ven
pi xel will be urfYiig¥nag e%ﬂ&?"ﬁ‘éﬁlbﬁd’ Wwfﬁw}i"wgw&d%@&ﬁ@?ﬁ?l (ﬂﬁ"‘%f an

RGB i mage into airepl or space where the |luminance is separated fromthe

remai nder of _t ereQlh it LARE bARyaRN i ndkd tid mizdodBhetSfhin Tifbe oL nance

channel 81 can then arpened 82 (by ‘)addl ng In a proportion of
hi gh- pass-fi ter‘@ﬂ‘e"Q%TQ?WWQ&FW%‘E“Q‘W%%%) Finally, the enti re | mage

Ut i1 QW) TheBrRe e bR il 8 mSlong e AR R B mch
of the colwe adymmwmett@@ps)apé x te k.onerindredee byt K2 inddefnelct, and degrddserty k/2ain

hi gh- pass exémiel y. Ef1iISHY, ds weddantedh pb,tme InBr8&kR by vk A%keMbIx@Rd intrBas@bFiiRRUENIN t he
| um narl®e of the Image. A change I'n the | um nance of a given pixel can be

wel | - appr oki mat ed by an equal change in linear and B. Therefore we
sinply generat e S t h,an. resul t
equally to +he .ngﬂﬁ 'Qp%ogﬁituién ﬁ‘%secg'ﬁm &B@g&’m a;@&@g@%\i bgo'H'%ltra w%fl he ClE

1976 L' a' bm"%?ﬂ"m whah gecurs agperaengratp @ line pfreadiutpdrsolption pivels frem arGFA sRaceinput
image. Given a 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
can be decomposed into a movement in x and a movement in y in rotated CFA space. The process is

20 shown in Figure 25.

Since cos45 = sin45 = 1/42, movement in unrotated CFA space by 1/mps equates to equal
movement in x and y by 1/(mps+2). This amount must now be scaled to match the normalized kernel.

The scaling equates to another muitiplication by 142. Consequently, a movement of 1/mps in unrotated

25
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fromR& to L (the lum nance channel) we average the m ni mum and nmaxi num of
R G and B L=MNR G B + MMX(R G B) 6.2

Hi gh Pass Fi ﬁt&’erhﬁé%4 A hi gh pass filter 84 can then be aE IA&@’“?%gth

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

or the high pass result can be scal ed appropriately. The exact anpunt of
sharpening will depend on the CFA, but a 3x3 convolution kernel 85 will be
sufficient to produce good results. 20-B¢-we were to Increase the size of

the kernel, gJrbdpaceloduatdbaua mobenedf df exzinps/ﬂ k&ﬁ@k afPkeRfel §. TapM T108ts tHeQélatRnshipX 3

convolutlon i ace as ie ol ution space, using the
green channekfe eenﬁ?ﬁ’%e s"?%a JBB'E%%; J’%d’ "fml?" ?’snel Fromthis table it is

clear that a 7x7 size t}f@ﬁ”&eaﬁpﬂﬁd@ﬂnégv&r E‘sfHﬁﬂ:‘aH@For{:ﬁém ution space wll
be adequat e for radb—sharpertrg—I Seat-e—-Fact-ors—fer—Canwol uti on
Filter Format Sgal e 3x3| Kernel in Mglotafs (128Q)taﬁpace Standard 30 1.28
3.84 3x3 or 5x5{Passpori 31 0.64 [1cBRspeas,| GFASeace H5 Pamowbyri ] 33 2. 56
7.68 7x7 ThunbpaFermsp D 5?912“93 none,l or 3x3 SUBSTI TUTE SHEET (JRULE
26) RO AU 80 01/ 20547 PCT/ ATB8101078 mps32 If ampsif33 f)i1 t BmpBS vlere appl i ed

on the ned-res gﬁﬁ&}‘d o8 esutt nllugﬂc: m,ot.-ﬁ 86 ou,t,Lﬁ_égl‘llg to1 the scal e
factor used |In the—gehefal—t-rages C—BPeral G A!'|Gua—;—l=r»e—e\-|cm+u‘nts In
Table 12 (parti NP?sgﬁ'qrtv PEE st andal %Z—I%u nt fﬂdﬁ;af\ wel 284 se 4 3 x 3
filter 85, and {Rensremical 258 he reg 138, The |R¥Bess of | P¥¥8ducind a singl e
filtered L pixel Thenbsdiolmss n Fi gurel788 Thg Giskual keri#A01iused gan be any
one of a set of standard highpass filter kernels. A basic 5 but

sati sfact or yhi ghpassie fii klioas tﬂaﬁmslemwn in kerriehdpscel isrpilveysthy taatinioen lea$ thime, HROR | n

Figure 50. 3pgwdc Aé%ge Bk g‘h‘F aIQ?lm?%ea%thtgj 19 a%ulh%ﬂ*ﬂg@ﬂdack

sone prop,grtlon 0 re q ass tered [ um nance
to the | um r%FE&r bR SassT P”’f‘ﬁ@“‘?%%" Yohlae others. kignever alker b bR Afspimestt. (or
i nstead, to an@ié) eachlaivie @rimades Ghanlygi4 sire, bitaaihg el get igarptideeble, casoniydinge we

appr oxi mat ed; By Ak AGHAss FRARIE e} ,e&dﬁng,ngg%ﬁu&as long as the col or space

Is linear). Consequently we can avolid the col or conversions altogether by

addi ng an eqiai3 PREQMEN IO BiterifbiaRel) Bifle dMATHedni | tered | um nance value to R
G and B. The 10 exact proportion of the high-pass-filtered i nage can be

defined by means ahe axateebosstrliciot Mer to bd uskd Wi ddpb®s ol alomperSisstids, mfeaﬂlamays
| um nance pi J:?Jde oi?‘gequelén ih% nLunger %Pégﬂ)lgp&seé %%rxestr&c%% tﬁ’é brigyxgi ssgngl lg etfm!;e ken for

15 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 X Le. 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 kernet.

We create a kernel coefficient lookup table with n entries for each color component. Each
entry has 4 coefficlents. As we advance in output space, we map the changes in output spacs 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 kernel coefficients table. If there are 84 entriss in the
kemnel table, the first 6 fraction bits are used to look up the coefficients. 64 entries is quite sufficient for
the resampling in Printcam.

3286 Bharpen 65

The image captured by the CFA must be sharpened before being printed. ideally, the
sharpening filter should be applied in the CFA resolution domain. However, at the image capture
25 resolution we do not have the full color information at each pixel. Instead we only have red, blue or

green at a given pixel position. Sharpening each color plane independently gives rise to color shifts.
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the transformation of sharpening R G and B as follows: R = RtkL G = G +
KL (1imtewdmre&d each) 15 B =B+kL OF course, the scal echaudmorapplied to
L can be conbined with the scale factor in the highpass filter process
(see Section 32.6.2) for a single scale factor. Once the sharpening has
been applied to the RGB pixel, the inmge can be converted to CW. 83 in
order to be printed out. 3.2.7 Convert to CMy 83 20 In theoretical terns,
the conversion fromRG@G to CW is sinply: C=1-RM=1- G Y= 1-B However
this conversion assunes that the CMy space has a linear response. which is
25 def i ni t@aperiog shaulddnsted Be gpRIRd tahe finance asig| of 35 dmegenft ot g Bus ad

dye- based dafilksiion dsayiven piketiwilbélncaanged. profile of a particul ar device (input
and output) can vary considerably. Consequently, to allow for SUBSTI TUTE
SHEET (RULE 26) RSKaffenikfOie, /iriOtoet thd tranisiatidOdf @ik (RGB ima@Sintacacesion space shere thei on.

as well as to r?clelnsO\st Qleq b #eS reﬁtgia%(?%ﬂhe'ca infoffaflonP{ShoR LB THLS &‘LQE)rB‘B PeCUr at e
nodel is F"é'aﬁ red eﬁ’rlntca transtormations required are_shown in
Fi gure 28. Iumuanqegh@wsﬂé sapbenbpshapengd 82 (Bb?deléghfa?’?vﬂl?ﬁg? Be Riah-pasekaedxyz) .
Wth r e%ar msigncbfmaqmmm&) MFhafly, @nehiire inmaga gouidieonvedeuhatk RGERS (ortp ICMYer

gamut 't '5‘%2’%9%[ mg tsou{g?ﬂqj’a\l,-,l,yprg‘ggg@gﬂg@qmv.drua].gzg within the sensor

ganut . Form theSe transtormations exhaustivel y, excellent

Jesults can be oﬁw;» caaféﬁg%m&réfﬂe'oaﬁ%nmweaé Pl GAsgH 1 Beh: dreidngd! 3D
| ookup tabl es. 00 tabl es cont

%? E aﬂI[; ansj r{Tae ns for
the speci f P BigRARSSgd- '?i‘g"eﬁ’h kit B imees: ﬁF?é’é'sla rae n "She Y abl e
90 nappi nehaRfdtn the Iuinaneecof b givéreph@ILcanip petreppREBated bisin %md cbme m-mae RO®,

mappi ng RGQN{] & Teretdrb W L.h,arggémw RbIAAsaiileP ) afdiEbpl)@ propEion Pthe redéit dolidty fol nal
result for _those entries I'ncluded In the tables. The process is shown
in Figure BdG-2MPBj_|inear interpolation requires reading 8 values fromthe
| ookup {oabgg,ﬁ g eréggm’ 907 10 linear interpolations (4 in the first

di mensi on Iti%l and 1 in the third). H gh precision can be

used for the int W%Eﬁjs' R & @ﬁgéva%'g%}%gghet m,wgg%eaﬁﬁh}l@“fb,s, ‘%‘J:dﬁvé?t bits.

The size of the I'o er uire f?)q%%g gllnearl ndé1

t r ansf or naf’P’Br’f‘GBﬁHé(tthﬁi?rfﬂ ely W5 gvg ea@ﬁ'"lug‘bﬁ" R of S‘p? Ccation is
17 x 17 X foidws: W th each entry 8 bits. A 17 x 17 x 17 table is 4913 bytes
(1 ess than 5KB).

MIN(R, G, B) + MAX(R, G, B)
2

L -
15
3.2.6.2 High Pass FilterL 84

A high pass filter 84 can then be applied to the luminance information. Since we are filtering
in med-res space rather than CFA resolution space, the size of the sharpening kermnel can be scaled up
or the high pass result can be scaled appropriately. The exact amount of sharpening will depend on the
CFA, but a 3x3 convolution kemel 85 will be sufficient to produce good results.

20 If we were to increase the size of the kernel, Table 12 shows the effective scaling 86 required
for a 3 x 3 convolution in CFA space as applied to 1280 resolution space, using the green channel as
the basis for scaling the kernel. From this table it is clear that a 7x7 sized kernel applied to the medium
resolution space wili be adequate for all sharpening.

Table 12. Scale Factors for Convolution Filter

Format Scale 3x3 Kernel in Med-res (1280) Space
Standard 30 1.28 3.84 3x3 or 5x5
Passport 31 0.64 1.92 none, or 3x3
Panoramic 33 2.56 7.68 7x7
Thumbnail 32 0.85 2.55 none, or 3x3

25
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To index into the 17-per-dinmension tables, the 8-bit input color conponents
are treated 4 xed-poi nt nunbers (4:4). The 4 bits gi ve
t he i ndex, aﬁ§ ﬁ§34 bits of fraction are used for |nter§&F%p%§ﬂﬁﬁ§ 2.8 Up
I nterpolate 67 The nmediumresolution (1280 wi de) CW inmage nust now be
up-interpolated to the final print resolution (6400 wide). The ratio is
exactly 1:5 in both dinensions. Although it is certainly possible to
bi-linearly interpolate the 25 values (1:5 in both X and Y 20 dinensions),
the resultant values will not be printed3zontone. The results wll be

dithered and pri nteaiabaaﬁtéresebreaﬁzsyﬁaﬁam—réshﬁag@qm@mwmggcaﬂaméeeé‘rathéé

|1 be t tp dith d
't er pol at | o8 a3l B oo e R R EBE 08 PERIS ez fretiFiy
resol uti on wdhke %tm'@rpﬂlﬂtd@"ﬂaﬁ hescap @se/a B additier)85, #id)tedn sm}@ﬂuemmtsoﬁwm::bss of

theref ore prQpliegngd0fdie ifsad 1l shel igshown nflghderogh 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

convler tsi on t <1':1_EI eSK(ﬂg&myﬁeaﬁ) used B b%a,]géne%{ £ 6t ﬁ%nbﬁd ABALRES TS XEmBY, A basic
sinmul ation e co rvatj ve- efinite-res ach was cho- sen
for the pusp&ygssﬁs&mfvﬁ?gﬁpaaaﬁiﬁnsﬁm Bt bR B0 AU W

01/ 20547 PCT/ﬁLQt " Efted £ Ardl xel replication sinply involves taking a
single pixel, and using It as the value for a larger area. In this case,

we replicate a si n%@neﬂl ﬁﬁ% toldd s ol %ﬁla%m GioR o¥the redIR6 ultharel

were contone, the resul g g ear E but since %ggésl xels are to be
di t hered, t he@lugsrhagkto fe "{’Wﬁf‘ G &) Bmeé@ﬁﬁetca'h'f‘e'b’?e copysied ba&%Pé*qBéR’é“SEﬁ?d e
cont one vaI uei:MY}’hﬁwmnaengé B etronce aambd?m@anmyaﬁpro:@nﬁed&ylahb&mnﬂa\gs& K aThe
printhead 2 Iaad @N y;og@rael&leeco@;fr FJMJ firfagh. dﬁhéeqaaaﬂ@wplcé@x&kd &@émr%nve)é%npust

t herefore 51 %E’@t ag di t'her

speci f i cal1{3 UREHRD 56 ‘H@ﬂ"g’@ﬁ"f&ﬁmg’ha?ﬁ@wé‘if ’HP‘PW@? ""ﬂ’@l %a%"c%gﬁ%lstl c
di t her cel egashyregottiomef e highessHiler@iviadervamke defiried bamedars bbby seale fabtdevel  CWY

| mage. The 8- bit 1600 dpi contone value is conpared to the current position
in the dither cell 93 thq High-papeefitegd binlhanse pixabaed kistha corisintgralefeaar, weramdeafihe
dither cell \@idfsfor@dilioR bisPatberglR, 8fanki BLSHMRGer ated. Qtherwi se 10 an out put
bit of 0 is generated. This output bit will eventually be sent to the
printhead and control a single nozzle to produce a single CC M or Y dot.
The bit represents RureRiekl pr not a particular nozzle wll fire for a

gi ven col or and pogtd Gniricﬂ' e(ligAteRtofB3S kedchpn in the dither cell 93 can be
used for C M and ,.._ s because the actual printhead 2 produces the
C M ands¥ dots for dlff nt lines in the same print cycle. The
staggering of the differ ent colored dots effectively gives us staggering in
the dither cell. Thécchaé,fthetscalé iagorppmiedts & catia chrfbiRe efh ha sdale@idlobin ik highphss The
size of the G hekessld sedfond2NOA P2 Aibid dafle fuiSO! Ut i On of the output dots.

Since we are
Once the sharpening has been applied to the RGE pixe!, the image can be converted to CMY
83 in order to be printed out.

3.2.7 Convart to CMY 83

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

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

However this conversion assumes that the CMY space has a linear response, which Is
definitely not true of pigmented inks, and only partially frue 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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produci ng 1600 dpi dots, the cell size should be larger than 32 x 32. In-
addi ti on, %(ﬂ}zhggyv the dot processing order to match thgmidosbiesd
segnents, the size of the dither cell should ideally divide evenly into
800 (since there are 800 dots in each segnent of the printhead). A dither
cell size of 50 x 50 is large enough to produce high quality results, and
divides evenly into 800 (16 tines). Each entry of the dither cell is 8
bits, for a total of 2500 bytes (approximately 20 1.5 KB). 32.10 Refornat
for Printer 69 The final process befor#heing sent to the printer Is for

t he dots t agcclietefconvenaibn, @slwellasdo ke for tubwre seasorspinkie andipaintelsca meye aesuralemedel Ise
print head. t be sent to the printhead in the correct order -
24 dots at"%nﬁfggpgggﬁgfined in Section 2.2.1 . if the dots can be produced

}n the correct Ohcée{rahrisfannagsasnxeamd &jre @hovnlA nmarzs.eum;]sams@nabcassshe:s | 25
unctions generate their l.n.the cqrrect arder t hen val ues
(each val uéer??t"F"yﬁﬁ"F‘)"“é‘é{ﬂk%I‘&m rﬁ%a"%g? Fh&ﬂa@ﬂ?g goﬁ'}:lths‘aé"r'] gengg'isﬁmg{r)%g‘pes of
24. The pr printes garhus, tisshprinter gamufis typically GihtainG BBy WRUIEhGSHREOT S¥MLE 26) ROl AU WO
01/ 20547 PCT/ AU00101073 -35 The 24 bit groups can then be sent to the
printhedd 2 by t Rethdvitvaneridrmitkasé transforrmations/extrausiively-gxcellah rappi Ry ba obtaigdy CORE
i—S nlﬂfo rFl)ICZP éé ﬂt}@-ﬁ\?é@%@&féﬁ bﬁe? b P Lets %fisﬁ ﬂc{&kt{‘p@iﬂld’spfﬂe%kmbléb&:bﬂa. idl fhe Feduttant .
mage capture and, pri r an
to perf or mipsfoRpatiane 17 P2 ARRCAF YN dleged @y%‘%% r.rrllh gggﬁleegsaqfﬁgﬁt ?"g‘fg bét%Leg%
user - i nt er frapging RGModx: onetable BYmappinCREB dxMeand 2petablg iS¢ M5pRing REGE 0, Thiineary
Processor ol @i dal beibed iogive He fiRd REGEGtibGe Eibe hotiniupe if 1s tibled) Fhe apss’ ed
cal cul ations and control functions fast enough to nmet consuner
expect at i offSP% REE"8PY- of the i mage processi ng I's perforned by dedicated
har dware, the TP, QR85 A% aid NelirkLreRiRCH fohuel SRl e 108Rp dable it pertorinig 7P

can be gxtrenely si'nple. : t nust be fast enough to run the stepper
not or dur i rigpeginisrpiations (rirthe firsksfiransiam 2} the 38gendy 316 14 @R&E‘”p‘?'@b@g‘%ﬂ"." c)pe
exanpl e of yged fdrneSatérinadiate valaes SalthcugmthPhitput pauedOdnty 8hitsr o- cont rol | er runni ng
at about 1 MHz. There is no need to maintain instruction set continuity

bet ween di f f er entThésizendfamenoohnpl ¢dbie. requided feperdston PERineprity ofdhes Irapsfermetiap. Fee
fabricated by differe uf ac W I o 4oC

bort ¢ he. CPEEBPSed 1 or B g ol Bpauchi s PR derdep o ERIRETL, |
such as hag7trbleus 4932bytes (essranBhar ket with Intel. Associated with the CPU
Core is a Program ROM 13 and a small Program S_c_ratcég. RAM 14, %}Tg(g CPU 10
communi cat es wi t [Totnsex itortee 17per-gimension iaties: the 8-priprut colpr-ComRREP'S 2i75ARY42S / O
Parti cular faeélchonssunbaisges). a4 bits opiatebér @ive the indek.tang therdcbitavot fraction @recised ahge,
to particular &ﬁghsters within that particular unit. This includes the
serial and parPa el interfaces. 4.2 PROGRAM ROM 13

328 Up Interpolate 67

The medium resolution (1280 wide) CMY image must now be up-interpolated to the final print

resolution (6400 wide). The ratio is exactly 1:5 in both dimensions.
Although it is certainly possible to bi-linearly interpolate the 25 values (1:5inboth Xand Y
20 dimensions), the resultant values will not be printed contone. The resuits will be dithered and printed bi-
level. Given that the contone 1600 dpi results will be tumed into dithered bi-level dots, the accuracy of
bi-linear interpolalior) 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.

25 1. Althougha 17 x 17 x 17 table will give excellent results, it may be possible to get by with on!y a9 x 9 x 9 conversion table
(729 bytes). The exact size can be determined by simulation. The SK conservative-but-definite-resuits approach was cho-
sen for the purposcs of this document.
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A smal |l Program Fl ash ROM 13 is incorporated into the PCP 3. The ROM si ze
depends on {RQ4dRl; chosen, but should not be nmore than 1{-32MRngP 43
PROGRAM RAM 14 Li kewi se, a snmall scratch RAM area 14 is incorporated into
the PCP 3. Since_the program code does not have to nmanipul ate | mages,
there is no need for a large scratch area. The RAM size depends on the CPU
chosen (e.g. stack nmechani sns, subroutine calling conventions, register
sizes etc.), but should not be nore than about 4 KB. 25 SUBSTI TUTE SHEET
(RULE 26) ROAU WD 01120547 PCT/ A1160/ 0133 - 36 4.4 CPU MEMORY DECODER 16
The CPU Menory Dece;da replldatidnSsingplydnvopéstakiecosiare gial, ashising fityas thg vallikfoel atarger
accesses. Th relo | ster
Rccesses overrbiEh R e BRI ekl MURRSETs bBP Ll B b chitorde L D
mapped 1/0 ofeswmmwaegqas blagig butssines SR/l eany o dtheradnibaeffodt is @atahelmwgsm AL

PORT | NTERFA(gke! #dts thkd & thescomtorilvanel anélprblisBs i etiowa in ARfet3p, connected to the
internal chip | owspeed bus 18. The USB serial port is controlled by the

CPU 10. The g@hki alydwinbeft!l | ows the transfer of inages to and fromthe
Printcam and allows DPCOF (Digital Print Order Format) printing of

transferred phﬁt osmaamem B oA lcapa6ie ok f:ﬁﬂbng &di’s . aﬂ:t@e! @dhxﬁh mrﬂ-merefore ]

| NTERFACE 19 Thi t WO ne, t he
i nt ernal chi 5° 0'1\7\*;-r g‘éréee °59‘?ﬁ"°'w8§ﬁe e%eclfcgl ot é:s@ ?‘{f&

is used to ae*tdh’eﬁﬁlihe*a{stﬁgﬁlﬁ@cqgﬁﬂcmﬂwr erll} COPH?“E]? a&WW"P&MYt’W@E "%F F"@Weﬁgﬂe‘fe'
functions: Amyuhdge. i nk characteristics Acquire the recommended drop

volume Track the anmount of paper printed and request new print roll when
there is insuffici ewds-4uaeer dpi ddtohévaiieiig\dorplred haigLuesdneshsititn in thefdiiteradl.o3.The

reason for MR bURPALAR dbet RuFALBREF col GOl 81 € BRRI e 4

and to the print '8‘%" I nes
are | npl efrene®auig binefi s genereted; ‘EF?P‘p‘é‘ wilf ?’F“‘“‘f”? by it todhesprigtpad and gentrplea
used, a cloneingé hdakle foPrdduddRisiHgBCY M{ @1Y dbd Thelbirepregants vbetiser bivehd paetizliaoazle

mechani sm [1 o1 Pri w9 QA Chip 5 20 Each print roll consumabl e
lnm fi é fcéajgwgrr éol?)gan@%hémo& ) ) ) . ;

contains Its own chip contains information required for

X&; Et a{ ni g the begt, RASSbdoR nlhd BheCidRbs b beReh b, MThE FEREEH netBLRInAN
uthenticati (a)g?tua! 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-foning process can be seen in Figure 31.

15
The size of the dither cell 83 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
evenly into 800 (since there are 800 dots in each segment of the printhead).

A dither cell size of 50 x 50 is large enough to produce high quality results, and divides
evenly into 800 (16 times). Each entry of the dither cell is 8 bits, for a total of 2500 bytes {(approximately
2p 1.5KB).

3210 Reformat for Printar 69

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 2.2.4.

if the dots can be produced in the correct order for printing {i.e. the up-interpolate and dither
25 functions generate their data in the correct order), then those dot values {each value is 1 bit) can simply
be collected, and sent off in groups of 24. The process is shown in Figure 32.
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Chip[2]. The 256 bits of data are allocated as follows: Table 13. Print

roll's 256 Qiglairzesk® M n] Access Description O R02 Basic gdaadfbioio ags etc.
(16 bits) 25 1 RO Serial nunmber (16 bits) 2 RO Batch nunber (16 bits)

SUBSTI TUTE SHEET (RULE 26) RO AU WD 01/ 20547 PCT/ AUCO 01073 -37 Table 13.
Print roll's 256 bits (16 M n] Access Description 3 DOb Paper remaining in
nm{ 16 bits) 4 RO Cyan Ink properties (32 bits) 5 RO 6 RO Magenta i nk
properties (32 bits) 5 7 RO8 RO Yellow ink properties (32 bits) 9 RO
10-12 RO For future expansion = 0 (48 bB®%s) 13-15 RO Random bits, different
in each chip (48 he2)bit groups@n thedbeé sentro thopdntiead 2 by tha MemjbOinBddcet8. each
print, the amount of paper remaining is checked by the CPU to ensure that
there is egough €PUCORE ANDMEMORYSpecified print fornmat. After each print
has started, the anount of paper remaining nust be decrenented in the
print roll' 34QA copy doxeltpe CPU. 5.3 PARALLEL | NTERFACE 6 The parall el
interface 6 connects the PCP 3 to individual static electrical signals. The

CPU is able to copd P@d» 3%6&@&5*3&% mm&a&n&mu@smmn@ew\m% inlaGe VI a
t he | ow speed  bus.

110y Talk o AR A P RUmBG BRPTI o 2pE o AR e Safer SEereind 2P 14
Connect i ons duties Paluditd thé useninterficacs wids varietv df GRU Bhreg areisyjigbimi irean bpamyeprocessor

transport St.GRR@h sifftieRl prédstsirh pona tolpeifdri @he Meluired Cakiulakons @AY SonkBiltarctidRdlfast 20

Capping sol %Q&Igrcaito mett consum'i:r expectauo}\g ger Qut 1

Since all of the image processing Is performed by dedicated hardware, the CPU doas not
have to process pixels. As a result, the CPU can be extremely simple. However it must be fast enough
to run the stepper motor during a print (the siepper motor requires a SKHz process). An example of a
10  suitable core is a Philips 8051 micro-controller running at about 1 MHz.

There is no need to maintain instruction set continuity between different Printcam models.
Different PCP chip designs may be fabricated by different manufacturers, without requiring to license or
port the CPU core. This device independence avoids the chip vendor lock-in such as has occurred in
the PC market with Intel.

Associated with the CPU Core is a Program ROM 13 and a small Program Scratch RAM 14.

15 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 particular registers within
that particular unit. This includes the serial and parailel interfaces.

4.2 PrROGRAM 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.

20 43 PROGRAM RAM 14

Likewise, a small scratch RAM area 14 is incorporated into the PCP 3. Since the program
code does not have to manipulate images, there is no need for a farge 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.

25
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Status LCD segnent drivers Qut 7 Status LCD conmon drivers out 4 Paper
pull sensor B gkpesBrttons In 4 TOTAL 24 25 SUBSTI TUTE SHEE]A 26) RO AU
WO 01120547 PCTI AU60/ 01073 -38- 5.4 JTAG | NTERFACE 7 A standar AG
(Joint Test Action Goup) Interface 7 is Included in the PCP 3 for testing
pur poses. Due to the conplexity of the chip, a variety of testing

techni ques are required, Including BIST (Built In Self Test) and
functional block isolation. An overhead of 10%in chip area is assuned for
overall chip testing circuitry. 5 6 | MVAG8-RAM 11 The i nage RAM 11 is used
to store thed4ghapt uCPU MemegeDEcDERNG | mage RAM is nmulti-level Flash (2-bits
per cell) so that the image is retained after the power has been shut off.
The total anount ofthe'ePEMmbre QebdoBds fstd sible détoden Ror batieling CP© ddita BicBssksBBL | S

1, 500, 000 by r f | lows: R 750 x 500
=375, 000 by t?g%ﬁay%&&%g%&%&%@%ﬁ%g& %E%?g %’ﬂ’a\ﬁ%ﬂ%‘”%é‘b‘oo
byt es The magfélhwgfowlquﬁ&ﬁmworrm@ppﬁ’é@efmme@s Unit, and read by both the
| mage Hi stogram Unit 8 and the Print Generator Unit 99. The CPU 10 does
not have diré&ct raGOMMUBNICABONINTERFACESmge nenory. It nust access the

i mage pixets via the Image Access Unit. 7 I MAGE CAPTURE UNIT 12 15 The

| mage Capt ur &.4Uni t USBSemanBorl INtERIvcefM@nctional ity required by the I nmage
Capture Chain, as described in Section 3.1. The Image Capture Unit accepts
pi xel data via theThisiagetaslaridiss sérat fertf @orecte® thelinteratichipdes spebibuRGS TokEINSB Vi a
a | ookup tabls&xapfﬁm !@Mt{éllb@@ thy/ CM l!(?ﬁ‘ﬁe Lé?gl ;Joh @% 't%%némf "ﬂ%&g Qﬂl\fgg%he RAM

in planar for

| NTERFACE 98 %ﬁ“é’“\ ﬁ%f’gaé’g‘%‘b‘ﬁpﬁr (Dlgi‘ﬁ’ et é’é‘@’ f‘?’@f“ P’@ﬁ”%"%ﬂs‘f{'%& Riolos, wpder Ratermah ¢
sends cont rokertrpif or mati on to the 20 CMOS | mage Sensor, Including frane
sync pul ses and pi xel clock pulses in order to read t he i mage. Most of the
1S1 is likel & o0 bRALHpREReINTERAACERS Om t he i mage sensor manufacturer. The
ISI is itself <controlled by the Image Capture Unit State Machine 97. 7.1.1
| mage Sensor For nmalhisis two standard low-speed serial ports, connected to the internal chip low-speed bus 18.

The CPU-mediated protocol between the two is used to authenticate the print roll [1,2] and for the
foliowing functions:

. Acquire ink characteristics

. Acguire the recommended drop volume

. Track the amount of paper printed and request new print roll when there is insufficient paper
15 to print the requested print format.

The reason for having two ports is to connect to both the on-camera QA Chip 4 and to the
print rol's QA Chip 5 using separate lines. The two QA chips are implemented as Authentication Chips
{2]. if only a single line is used, a clone print roll manufacturer could usurp the authentication
mechanism [1].

5.2.1 Print Rol's QA Chip 5

20 Each print roll consumable contains its own QA chip 5. The QA chip contains information

required for maintalning 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

Min] Access Description
0 RO Basic Header, Flags etc. (15 bits)
RO Serial number {16 bits)

2 RO Batch number (16 bits)

25
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Al t hough a variety of image sensors are available, we only consider the
Bayer col orwibbsikesar array (CFA). The Bayer CFA has a nunbgirQfen@idrsi but es
whi ch are defined here. 25 SUBSTI TUTE SHEET (RULE 26) RO AU WD 01/ 20547

PCT/ AU00/ 01073 - -39 The i mge captured by the CMOS sensor (via a taking

l ens) 'is assuned to have been sufficiently filtered so as to renove any
aliasing artifacts. The sensor itself has an aspect ratio of 3:2, wth a
resol ution of 1500 x 1000 sarrpl es. The st likely pixel arrangenent is the
Bayer color filter arra F  with € ch 2 x 2 pixel block arranged in a
2G nosai ¢ as shown |ﬁ"¥l?éh B"'IS"s@d’PP(,’Gntone sample of R_G or B

(correspondi ng|t ef, n,y and blue re ly) is 5 . 10-bits. Note
t hat each pixe @Fﬁ ﬁeA%eggi{ GRS 'ns&%gmé%g —about—onlydone of R G

or B. Estimates3 of {BE°nissi r?Qp?,'b"}"?ﬂ“"\gr‘ﬁ’B'f‘HQH'%n must be radd before the
i mage can be pfu#nted{ROt. Thdg Cyarfink gopeeties (3deitsd t 0 perform sone anount of
fixed pattern hgise {RBY) suppressi on. Addi ti onal FPN suppregqsi on may

r equi red 7. 2 HOOKOPHEABEE—St —s—a—REVapi ng t he
sensor's _RGB t JEJ:—LI—JQQL——%T Waég Wﬁ“‘"@ﬁ?’%ﬁou neari ze process 40
described in S¢ftion| 8912, A4 such the ROMis 3 KBytes (3 x 1024 x 8-
bits). 10 bits|8f adfROss corerelawitsrrepertiestB2bitghi | e the 2 bits |of
Tabl eSel ect ar ¢ggenefRbed by jthe Inage Capture Unit's State Nachi ne 97.
7.3 STATE NACHINE P 7] RBE T nadeoffaplelekpaniibl £ 0 @adis)t € Vachi ne gener at es
control signal p1.‘§_ R its. d A Hip (4B D) es addresses
f or ||near|Z|n 40—+ +OFf pl allallllllg CIIT.TIIU.UU tat-a—41. 15 The
cont rol S|gnals adi9pd QY the 1Sl 98 informthe ISl to start capturing

pi xel s, stop capb.tesregentQriyxel s etc. The 2-bit address sent to the Lookup
Tabl e 96 matches the current line being read fromthe 1Sl. For even |lines
(0, 2. 4oetc.), tBeforerash prink theameunt pfpapes fpmajaing is Fhecied by the GPLo ensure tagtherg
lines (1, 3s efougietoe the,cutréntly Spebifidd mididforemt After €acie print hidl steeted, AiecamiounBdfipaper Thi S
s true reogrghisilbe ddRnBhb R IR RIRRISOAAG vy fRERL. 20 The 21-bit address

sent to the | nage RAM e Wit dress for the image. Three

regi sters hggd tmwﬁmgnggggess for each of the red, green, and blue
pl anes. The addresses increment as pixels are witten to each plane. 25
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Regi sters

able to control each of these connections as memory-mapped 1/O via the low-speed bus. (See Section
4.4 for more detalls on memory-mapped l/O).

15
Table 14 shows the connections to the parallel interface.
Table 14. Connections to Parallel Interface
Connection Direction Pins
Paper transport stepper motor Out 4
Guillotine motor Out 1
Focus Motor Out 1
20 Capping solenoid Out 1
Flash trigger Out 1
Status LCD segment drivers Qut 7
Status LCD common drivers Qut 4 -
Paper pull sensor In 1
Buttons in 4
TOTAL 24
25
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The I mage Capture Unit contains a nunber of registers: Table 15. Registers
In Image Capture Unit Nanme Bits Description MaxPixels 12%@ 1‘73 pi xel s
each row 5 MXRSYEST2 Number of rows of pi xel s in inmage rrent P xei 12

Pi xel currently being fetched CurrentRow 12 Row currently being processed
Next R 21 The address in Inage RAMto store the next Red pixel. Set to start
address of red plane before inmage capture. After inmage capture, this
register will point to the byte after the red plane. NextG 21 The address
In Inmage RAMto store the next G een pix8- Set to start address of green

pl ane bef ore g4mge e inte@acét er i mage capture, this register will point
to the byte after the green plane. 10 NextB 21 The address in Imge RAMto

store the next Bl UuQ iX8h 1Al Testidich Gragfinegse ofis ikduded pltes RCFOBfOREiIng Mage

capture. After inmage capture, this reqgister, wll point to t.h . er
Cho. bl ue pl Ao ONERIe SRy BU 1B 1oy gieHirp Rk Ralid ikl 85T
EvenOdd 2 Addp@ss Sed Tefpanidinctongirblachissiation.offdovpinsas of 10%ddehiresredis Aggifmed &rt o
use for odd rOV\r/s"‘{m ‘?e\éﬁr%cﬁl | s OddOdd 2 Address to use for odd rows / odd
pi xel s Go | W??lnﬁ a ere starts the capture. Witing a 0 here stops the
i mage capgure. A 8‘9‘{% [ j€n here automatically by the state nachine
after 15 Ma&Rows el s have ben captured. In addition, the |Imge

Sensor Interface 98 contaj qiégab el L SliGhahe 43 % & RaMNERnGledd S

wi Il depend on the THyE Egﬁs?gr's. cfﬁé?g?n‘?‘;g’gf“%k@;g}icws%%ﬁﬁ T 9 The |mage
Access Unit OFigsh(sehitspes celiheo thas e dmaos js retpieedefity the@ovss harheg ¥t e  nage in

| mageRAM 11. The CPU 10 can read pixels fromthe i i.n_| mage 1 and
wite pixels back. Thewtammoantef BeAnresired iorihp H‘%S‘F"%@%S’rd&d@%"eéﬁg" Eytes
storage (e.g.(apbraxintale® 1998) aftahgedas fdllows: Si npl e i nage processing. Pixels
could be witten tq, E ter the i mage processing, as a

previ ously séved %ﬁgggogxa%ﬁggglgé&bi a USB), or images for test pattern
purposes. est pat tBe7e0x 590E37§.0BEDYE Nt heti c i mages, specific test images

(1 oaded via the USR). 78y« R4kmobso nthsbit nozzle firing values to be directly

| oaded into the printhead via the test node of the Print Generator Unit 99.
25 SUBSTI TUTE SHEEThé Wb&s%&dﬂ@‘lﬁ@lﬁ@e%ﬁtﬁ@ﬁﬂﬂ afCdddAlyBot 8k:dde Histogram Unit

8 and the Print Generator Unit 98. The CPU 10 does not have direct random access to this image

memory. It must access the image pixels via the Image Access Unit.

7 IMAGE CAPTURE UNIT 12

15 ' .
The Image Capture Unit contalns all the functionality required by the image Capture Chain,

as described in Section 3.1. The image Caplure Unit accepts pixe! data via the Image Sensor Interface
88, linearizes the RGB data via a lookup table 86, and finally writes the linearized RGB image out to
RAM in planar format. The process is shown in Figure 33,

7.1 IMAGE SENSOR INTERFACE 88

The Image Sensor Interface (IS1) 98 is a state machine that sends control information to the

20 CMOS Image Sensor, Including frame sync pulses and pixel clock pulses in order to read the image.

Most of the I8! is likely to be a sourced cell from the image sensor manufacturer. The ISt is itself
controlled by the image Capture Unit State Machine 87.

711 Image Sensor Format

Although a variety of image sensors are available, we only consider the Bayer color filter
array {CFA). The Bayer CFA has a number of attributes which are defined here.
25

SUBSTITUTE SHEET {(RULE 26.)ROIAU



-41 The I mage Access Unit 9 |Is a straightforward access nmechanismto

| mrageRAM 1o @pgkss7operates quite sinply in terns of 3 reﬂgfﬁkﬁ{o&d? shown in
Tabl e 16. Table 16. |1 AU Registers Nane Bits Description mage ress 21

Address to read or wite in ImageRAM 5 Mode 3 0 = Read from | nageAddr ess
Into Value. -1 = Wite Value to | mageAddress. Value 8 Val ue stored at

| rageAddress (if Mode = Read) Value to store at |nageAddress (if Mde =
Wite) The structure of the Image Access Unit is very sinple, as shown In
Figure 35. The State Machine 101 sinpt3-perfornms the readiwite fromto

| mmgeRAM 11 wherkhedmageheptu@Plby 1 OMOS sensbio(vialeetakibgl iens)dg) assimed tolHaved béeWAGE

HI STOGRAM dhikidne fifdinéa Aorawremwetéag sﬁghgemracé 'Thvleréor |t§el€%§ L Qg,lgﬁ#&&gﬁé‘gr ate

hi st ogr ans of |rra es as re he Print roces

descri bed Wit agéi“ﬁ ghof 4580 ?qoofﬁémﬁ"ﬁJ most &@H&"&E%‘?“W‘d@?’&@éﬁ’ &flor figranar
for mat i noageg (GHA), wits eath e pixé! bibclartangetidrcd12G bsaiclasapavnlifi Egupgisam Unit 8 is
typically used three tines per print. Three different histograns are

gat hered, one pekaciccintone parophecof RE&C br B {coneesponding toorgd, ynaeh,Sang alub egspetivelyfie

resul ts arﬁ)—tﬁ?%ﬁéﬁﬁ‘aﬁ’e#cﬂ pRbIGRhe m&éﬁtcﬁ?méiﬁsth%rﬁﬁbﬁb‘ﬁ %&b?%rllf e BFE d)biH) ebdMafeano! s,

scal ingSfactors etc. for use in.the remainder rint' process. For
nore inf or?fﬂﬁ"bﬁ'“@?’ﬂdﬂf?"f‘ﬂ@" Austds grdghelrtie H‘aﬁ"e"ﬂﬂé’éam‘t%dé’é‘t Section 3.2.2.2

and Section 4. RAM 102 The |sto ram.it is stored in
a 256-entry RAM ngésa‘é"Hs'iﬁd@ %Fﬂ§°%a%‘1“’t“s°f "Fﬁé’a 9T aqiss ?%SP&WFF'%" only
accessed fAdditionel ERN supprission ey rebuigdyi dual entries are read from and witten
to as 20 20-bit quantities. 9.2 STATE MACH NE AND REG STERS 103 The State
Machi ne 10B2f ol ILe@sur TABLESBudocode described in Section 3.2.2.1. It is
controlled by the registers shown in Table 17. Table 17. Registers In

| mage Hi st ogr amTbailqokugctatie % is @ RGM meppingithersensors RGB d&d #Plineet RGR M ridtchenthaber of

pi xel s 150 (Gredfie da&&s&m desdiiBéd ih Sedtion Bh 2I AsARMEK, @RRAM is\¥veHyRs (P« 823 hs-
counting fbritg)r.nmsbq §f dIrLerIsEcoSHlf:f th(e%{ while @eggi L"T\égi)eé)eil'e/ctz aQe5 éeZ\erlzte /by e |magg' 073

- 42
Capture Unit's State Machine 97.

7.3 STATE MACHINE 97

The Image Capture Unit's State Machine 97 generates control signals for the Image Sensor
Interface 1, and generates addresses for linearizing the RGB 40 and for planarizing the image data 41.

15 The control signals sent to the 1SI 98 inform the IS! to start capturing pixels, stop capturing
pixels etc.

The 2-bit address sent to the Lookup Table 96 matches the current line being read from the
ISI. For even lines (0, 2, 4 etc.), the 2-bit address is Red, Green, Red, Green etc. For odd lines (1, 3, 5
etc.), the 2-bit address is Green, Blue, Green, Blue. This is true regardless of the orientation of the
camera.

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

25
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Tabl e 17.
Pi xei sRemai nj

| oads Pi xel Count with the Pixel Val ué

Regi sters in Image H stogram Unit Nanme Bits Description
w many pixels remain to be counted PFj
wite to this regrster

b

Wbt 8 A

entry fromthe

hi st ogram Pi xel Count 20 The nunber of Pixel Val ue pixels counted in the

current his-
I

t ogram

It Is

Det erm nes whet her the hi stogram count w |
t he hi st ogram process.
the counts to remai n untouched
exi sting counizs) .

Al

a wite to Pixel Val ue.
be cl eared at

causes the counts to be cleared,
(i.e.

valid after

5 O ear Count
the start of
and a 0 causes
t hé0 next hi stogram adds to the
RepidterdViting a 1 here starts the histogram process.

Witing a O here stops the histogramprocess. AO Is witten here auto.

matical ly by the stémagicdpivraunatirtins Bolmbdriokegigerilas counted down to O.

The typi cal

usage of the registers is to set up Total Pixels with the total

nunber of pixels to Ilblert8|Redistersin inmyeCaptute Ynd. g. 375, 000 for red),
Start AddressWiTh The]addr €sS of the red plane, CJearCount wth 1,7and
wite al tolth¥am® bt er  Once the countesE®¥9n ni shed. the indiyi dual
val ues | n theMakilixeisogl #8n caNurbher ofoixels pache by writing 0-255 to Pi xel Val ue
and readi ng thexreasr espond| Ngner afedws@bipitels. in imbge PRI NTHEAD | NTERFACE {05 The
Printhead In el 1) Lpge;me;,g}q,e;ﬁg@&gegby Wwhi ch the PCP 3 Toads theI
Menj et  printh it ad—contTots—the—att ua
dot printing Egﬁé@g ?1.]'3 E‘P#ME:??;B]@@%&LB 2p rof
uni ts, nanel y N8 Menj pt! I ni pan . m ﬁé?'gca "k o] the
Mem et print head, and| cont f@éﬁ B ea genc urrng A print.
a Print Cenelgter—Ynti—fP § i ,,‘“---- ) Print
Chai n describ n SbRti of /e asdress f. o reans of
produci ng test patter ns T1§;lsr ter g@t@hpg bt hi ned
froma CFA, f ¢tra \,ap e th lsl UIIL fo”ﬁbretﬁe b IléT \#JLUS a
1600 dpi éltht‘éJ nag r IE[EEB R it s %‘é{rﬁﬁ et
Interface 15| In add| [ion, %@ 5‘%@ *ehabl es
the CPU 10 f{ ' '“re, vy, e Fint.
The units wi G A-th Qﬁlt_atmzesg -m hpt are
progr ammed by EY§9&9¢ Cpl2  Th A‘Fq‘ﬁsét"rﬁ‘é‘?f"ﬁ?‘?% br f ace
is shown in FiOgekven 372 25 mmmﬁmmfemm@alm AU WD 01/ 20b47
PCTI AUOQ' 0107 8dd0dd 2 Address {o use for odd rows / odd pixels
Go 1 Writing a 1 here starts the capture. Writing a 0 here stops the image
capture. A 0 is written here automaticaily by the state machine after
15 MaxRows of MaxPixels have ben captured.

In addition, the Image Sensor Interface 98 contains & number of registers. The exact

registers will depend on the image Sensor 1 chosen.

8

IMAGE ACCESS UNIT 9

The Image Access Unit § produces the means for the CPU 10 to access the image in

imageRAM 11. The CPU 10 can read pixels from the image in imageRAM 11 and write pixels back.

20

Pixels could be read for the purpose of image storage {(e.g. via the USB) 17, or for simple

image processing. Pixels could be written to ImageRAM 11 after the image processing, as a previously

saved image {loaded via USB), or images for test patiern purposes. Test patterns could be synthetic

imagas, specific test images (Joaded via the USB) or could be 24-bit nozzle firing values o be directly

loaded into the printhead via the test mode of the Print Generator Unit 89,

25
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-43- 10.1 MEMIET | NTERFACE 15 The Menjet Interface (MJl) 15 connects the
PCP to the wologsdssgd Menj et printhead, providing both datparaidoaesy opri ate
signals to control the nozzle |loading and firing sequences during a print.
The Menjet Interface 15 is sinply a State Machine 106 (see Figure 38) which
follows the printhead |oading and firing order described in Section 2.2,
and includes the functionality of the Preheat 5 cycle and C eaning cycle
as described in Section 2.4.1 and Sectign 2.4.2. The MJI 15 | oads data into
the printhead froma choice of 2 data ¥urces: Al 1 s. This neans that all
nozzl es will firdheldmagad\ceess Wpik 8dsia siraightforward agedse meghapismdo irageRBAM A1, addr d
nmechani sm foperale9 Qe Bithply Hters of ¥ fagisteks &Ohodn Mabg#. or C eani ng cycle. From
the 24-bit input held in the Transfer register of the PGQU 99. This is the
standard nmeans of prabid16ni)URegisteegie, whether it be a captured photo or
test pattefi. The 24-Di[t valyie fromthe 10 PGJ 1S directly sent tp the
printhead gnd_aNawit AdBBBceé' control pul sePIsEiRiOAt to the PQU. At the
end of eaclh ImageAddress 1- hi2i' Ady Addressitowead grritedn ImegeRAYb sent to the P{RU. The
MIl 15 nust MigeSt art ed [a&f t er | 0 bRebtFcbrYhaeraidmss istatsiugr epared the f{rst
24-bit tPafsfer valuel This|is vife Vi 18 aBbAddmad. 2 i nput will be valid for

the first tsnster—totie P gL ed at Ry ” T |y
connect ed to%tuﬁe Pri nt ner 13(5):9;%}%@ aagé:,&e g“meﬁ ) printhepad 2. The
basic strudture is shodn in E'gLRRS%E Gafgdess (F Moo e 2P®h ne t o prl nt head

The MII 15 has the follow ng connections to th rinthead 2. _with the sense
of input and out ﬁfm\ﬁufet?f?‘gg'baégf\"?e?)sﬁ és‘f@ﬁ'lér'ip&'gsﬁ%w?]‘e%@gmr%g’t ch the pin
connections on t [Nt head, ((see ' . . '

Connecti ons Nanehl\%%%kewaﬁe'%%@rsfm ‘yﬁgﬁsh%eé%gg}é%hﬁ 0 @3?&* %\ﬂ&%g‘m the
chromapod vitRY 10rrites tqthe Myde reistete| ect Nozzl eSel ect 4 0 Sel ect which nozzle
fromthggpod wll fire (0-9) AEnable 1 O Firing pul se for phasegroup A
BEnable 1 P Firi iIMAGEIHISTOGRAMIUINIESr oup B CDataln[0-7] 8 0 Cyan output to
cyan shift register of segnments 0-7 Mbataln[0-7] 8 0 Magenta input to
magent a shift r egdihsinage Histogramnit (IdU)R iy desigiid: te penp@tehjstogragns gEimpgas/as feguired t 0

yel | ow shi fdy weF8ihihgde Prdcessg BRI Sosbibéd in SBEoRS.K.2.1ThE IHY dalylgeRbraés tdghan's for
(Shi ft Regi st er cuyr.rent 25 val ues from Cbhatal n[ 0-7],

lan rq 0% lo%qsst hFeso bits each
MDat al n[ 0- AA°"&nh PIEE Whs2pPles PIRRIS 8958 24 shift registers of the printhead

SUBSTI TUTE SHEET ﬁBHkage %Q%B%Ma Y %&%@?&%:&%@U&%&lﬁ@ different histograms

are gathered, one per color plane, Each time a histogram is gathered, the results are analyzed in order

15 to determine the low and high thresholds, scaling factors etc. for use in the remainder of the print

process. For more information on how the histogram should be used, see Section 3.2.2.2 and Section
324,

9.1 HISTOGRAM RAM 102

The histogram itself is stored in a 256-entry RAM 102, each entry being 20 bits. The
histogram RAM is only accessed from within the IHU. Individual entries are read from and written to as
20 20-bit quantities.

9.2 STATE MACHINE AND REGISTERS 103

The State Machine 103 follows the pseudocode described in Section 3.2.2.1. It is controlled
by the registers shown in Table 17. '

Table 17. Reglisters In Image Histogram Unit

Name Bits Description
25 TotalPixels 20 The number of pixels to count (decrements untit Q)
StartAddress 21 Where to start counting from
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-44 Tabl e 18. Printhead Connections Nane #Pins 110 Description PTransfer 1
0 Parallel tgangfmgzof data fromthe shift registers to therRikdtigrzhead’ s

I nternal Nozzl eEnabte bits (one per nozzle). SenseSeg- 1 0 A pulse on
SenseSegEnabl e ANDed with data on Enabl e CDatal n[n] selects the sense |ines
for segnent n. Tsense 1 Tenperature sense 5 Vsense | | Vol tage sense
Rsense | | Resistivity sense Wense | | Wdth sense TOTAL. 41 10.1.2
Firing Pul se Duration The duration of firing pul ses on the AEnabl e and
BEnabl e |ines depend on the viscosity of2-10 the ink (which is dependent on
tenperature and | nk chashiath Bedisters indinageidistopramdinBunt of power available to

the printhedd. The typi cal pulsfe duration range 1s 1.3 to 1.8 s. The Ml
therefore cdntai 188" prig ® '
f eedback fr gritixelsBemaining hieefd.  ThicHaqwapany pisgls sgmpin to begeintedi ons al | ows tihe use

of a | ower daseivareer supply, anKiwate tidhid wgistedlsatiaPiraiCuyntvih e RxeMatad § dr op
ej ection. ThHe Pul se Durafion t ainty imasth@B8ogrartr i es, and i s i ndexed lby the
current VsernSExefidGnt 1SENSEze S el T 1hg humblen 8f FikeNalle gixdll chintddlin iaeleiremRiscqne from
Vsense, and ithe | ower 4-pits of| iogish.adsvatdaner 4 wbeo PkBivdleense. Each jentry is

8 bits, afd [IERESRNTS & 1T XCU KU nnYewiMer the RNGaranPod0d wil bs Bedttat_ The
process of igenerating the AEnqt}b@stMﬁBEﬁﬁb\hﬁphbm&1@u@bmm&tﬁ gure 39.

The 256-bytd table is witten bybelclkere@idbl 4 0cdwedsanesomts tntémaly undogchghgt 0. Each
8-bit pulse | duration entry in jt(hetheabitbistograr pdhsdp the @istingieountss set i ngs
Viscosity curase of 1 nk (jfom t Henfg & herp starts thlsedysen pétessWeiig@ 0 fsense
Vsense 10.1. 3 Dot Countjs The erelsBpartie histagrars paicese W itis wittet hage aderber  of
dots of each color fired from tleatigaly bit theesteie paching aRer fetalPigalahes cqupted gach
color is a 32-hit value.lindiviideariaP cl eared under processor_contrdol. Each

dot 25 count can hehgica ueRs Mg ReRHE RetdpToRPikaE waf thdBibninbelbf Bhéldlios

2l L hough fon e eole LIAGE, S1R0d0teq) SRR b RS adeRRlhr e R GEb LA

with 1, and write 2 1 1o the Go register. Once the count has finished, the individual values in the

histogram can be determined by writing 0-255 to PixelValue and reading the corresponding PixelCount.

10 PRINTHEAD INTERFACE 105

The Printhead Interface (PHI) 105 is the means by which the PCP 3 loads the Memjet
printhead 2 with the dots to be printed, and controls the actual dot printing process. The PHI s a logical
15 wrapper for a number of units, namely:
. a Memijet Interface {(MJ1} 15, which transfers data to the Memjet printhead, and controls the
nozzle firing sequences during a print.
. a Print Generator Unit (PGU) 89 is an implementation of most of the Print Chain described in
Section 3.2 oh page 24, as well as providing 2 means of producing test patterns. The PGU
{akes a planarized linear RGB obtained from a CFA format caplured image from the Imag-
eRAM 11, and produces a2 1600 dpi dithered CMY image in r_ea& fime as required by the
20 Memijet interface 15. In addition, the PGU has a Test Pattern mode, which enables the CPU
10 to specify precissly which nozzles are fired during a print.

The units within the PHI are controlled by a number of registers that are programmed by the
CPU.

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

25
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WO 01/ 20547 PCT/ AU00101073 -45 Wiile in the initial Printcam product, the
consunabl e w@WwAssde both paper and ink. it is concei vablgridiabomrsi fferent
Printcam nodel has a replaceabl e ink-only consurmable. The initial Printcam
product can countdown the anount of mllinmeters renmaining of paper (stored
in the QA chip 5 - see Section 5.2) to know whether there is enough paper
available to print the desired format There |Is enough ink for full
coverage of all supplied paper. In the alternative Printcam product. the
dot counts can be used by the CPU 10 183 -update the QA chip 5 in order to
predi ct whet®.% he MEMUETINTERFAGESYS runs out 5 of ink. The processor knows the
volunme of ink in the cartridge for each of C, M and Y fromthe QA chip 5.
Count i ng t he nunijée Memijetiintefiace EVJI)X1iSconnects thi BCH tactbe éxtamal Mémjetorintinad, pravidihg
prevents t hgmidats shélasprplite sigraR B dorird? thd GoleYoadiNg andilifliy s2quertdsRurig'd/phintl S

witten to the QA chip 5 after each print. A new photo will not be printed
U_nlt ﬁsstthe[ﬁ s emedlmgm;dt hnketnia&ffs,ss gﬁg\yaltémb a&rﬁ?ﬁ_w?&ge ﬂehs)r\%hl tf&ls\]gé ?.K dot
wi t hou ettin du ot 0 ich nu e, Lepri e.layo e do
count er 19 orp"E‘Q%‘f??ag'"% ng grdef ﬁﬁﬁ’@d'ﬂ .emfﬂg‘&r é‘f’rﬁ'?'ﬂ‘feﬁg'e "&Wg}%’o%h’f’gfegeaqlo

( MDot Coufit cydelandiieafing micle ab described brfection@d-1yaad Seslion 24Pect i vel y) are
identical in structure. 10.1.4 Registers The CPU 10 conmuni cates with the
MIl 15 via a regiedul Sdeads gatainte ¢hgipgatarad frem pshpicelpb2 data soutses: par anet eri ze a

print as well as £ 9SeinkSndaREiRaR Koz2leOwil fildIdufirly EUBGRESAEPrint Gyle, Al lisé Sigh-
t .In gre.f ace Registers

regi sters are contaj ne n the MJ: _Table 1 )

15 Regi ster Nane mﬁcgﬁsf“dﬂmaﬁw'{ﬁ'fp'ﬁ;a&reg?r@faérgrsehNE% ransd are The nunber of
transfers requi r efton the Robitingubeldin theTransfer register of the P@IYeB. Thigithe stapdard meanaunber
]9f pul ses onl_theo‘ﬁ li%iasgtd,\m@.gnmd p@aamngtespﬁ?&mr:{am awg&mesfer
or a given line. | seDyrat|on Fixed pojnt.. er,to determn

durati ongof a si “g's ﬂm%fyeseBW f"ﬁ@“r@ﬁa‘-’ Qﬁtﬁggﬁg‘lamen@gty Bylreds ?%'ﬁmlt"}fﬁ:d%": 0 -
6 is. NunlLi nes THAtheendefreaghfling, @4 ébit PAdvancelingtiiuise istalsogent fodreRGU. \Vbni t ori ng t he
Print 20 Status The Menjet Interface's Status Regi ster LinesRemaining The
nunber of |ines r@gdhinmust be sierted efteritre CURY Yas\plipady Pirparedthefisti24-bit Gensferi ng
val ue i s Nwalue & is sblti B bR GSERRPR Wil-be VA fon thelat tranbfed tb i phirtead.r emai ni ng
before the Printhead is considered ing |oaded for the current line. Only
val i d whil e Go=1.ThEMis t55s thersfire difectlySotirietted tol thee Prind Gphesat@ Unit 99 e 16 axterdalt a

l'ines duri ngfesWaeHe0hnbER% snO@rik FreiesgSegSel ect pulse. . Only | of the 8

bits shoul be set, corre-
15 10.1.1 Connections to Printhead

The MJi 15 has the following connections to the printhead 2, with the sense of input and
output with respect to the MJl 15. The names match the pin connections on the printhead (see Section

2).
Table 18. Printhead Connections
Name #Pins o Description

Chromapod- | 4 O Select which chromapod will fire (0-9)
20 | select :

NozzleSelect | 4 o] Select which nozzle from the pod will fire (0-9)

AEhable 1 o] Firing pulse for phasegroup A

BEnable 1 O Firing pulse for phasegroup B

CDatain[0-7] | 8 0] Cyan output to cyan shift register of segments 0-7

MDataln[0-7]) | 8 o] Magenta input to magenta shift register of segments 0-7

YDataln[0-7] | 8 o] Yellow input to yellow shift register of segments 0-7

SRClock 1 o] A pulse on SRClock (ShiftRegisterClock) loads the curmrent |
25 values from CDataln[0-7], MDatain[0-7] and YDataln[0-7)]

into the 24 shift registers of the printhead
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sponding to one of the 8 segnents. 25 SUBSTI TUTE SHEET (RULE 26) RO AU WO
411241547 PGoARBIP1073 -46 Table 19. Menjet Interface F@‘%ﬁ‘hﬁ! 3 Regi ster
Nane Description SetAll Nozzies if non-zero, the 24-bit value witten to the
printhead during the LoadDots process is all 1s, so that all nozzles wll
be fired during the subsequent PrintDots process. This is used during the
preheat and cleaning cycles. If O, the 24-bit value witten to the
printhead cones fromthe Print Gener- ator Unit. This is the case during
the actual printing of the photo and anf4-5 test inmages. Actions Reset A
wite to this regi st eTabled8dtrinthehd Chdhectimsops any | oadi ng or printing pro-
cesses, and{lToads all[ Tegisfers withn U.  SensesSegsSel ect A WTTE tothis

regi ster witth 2BPevalludPBs e tihe Feedback biResedplieRe Sta- tus re—zyi ster,
and sends a jplitagderon jtthe Sen@eSengw@tmsfe'rofeatiafmmmeshmeedisteismgﬁmnﬁst}nd
PrintingDotg status Hits arp al |} @adsintempiNozdeEndbie bils toneiperhdazie). are {set, "t he
Feedback bi t| skaseségeariaid and} oot HiAygise0r Seris6Segbiable ANDe®withtatabar | OUS| sense

| i nes have bh&Eeubld est §d, t he| val UeiDatuingn] pdiatsdiek semse lidd3 farlsegmbsignse, Vsense,
Rsense, agd WeHBSE 1 gqal Sterpy  arjGrempaBuieRéhskeed- back bt of the Sfatus
regi ster fs ——TFhe{f;eedback T ik forTgTany - subsequent—priit
Opel’ations. é 2 ; r\1 of l !-(r\ +r%!gé$.§§nsg} art o tha |l o~dMNA+ o~ [ Pr: n mts

t \w g 1 LU |9 D, AJ U QLU O CIrre LUAUAUIULT O T
cycl es. A td N a v Nt npci Li rg*‘g.s’gt}vgysﬁpﬁenf ed.—each containi ng
Numrr ansf er Y8958 ¢ tiftans- flers. | Widh&sEs |ine Is printed. LinesRenhining
decrenments, dRGALTrangfér- sRemmijning is rel oaded with Nunilransfers again.
The status rg9i.st gl ﬁﬁnt:%'r%@ print status information. Upon conpletion of

NunLii nes, the load- 3§ ng ep Png process stops and the Go bit is cleared.

Duri he fi nal ' : | ' ' Lot h | pt head, A
005 e T 5 B B S s e B Dl

wite of 0 to this es no

ot her 1%, r &ii%tiubich is ¢opengpnton trmaeratutirand gk ehgraptpsics) eritha astour etrogerapaiiable
CDot Count, NMDOEGanthdad. Eredypikaojuise @utabdn rahgeds 3136t 9.81 fs. Thd MJOtherdfore @bntalns a
respectivel Y @bfmifib pulPARREN Wble! Yrabked WY rdefoeBl #m MRS phiBheSd. RS tamie " g GORRCK

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

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

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

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

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

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

18.1.3 Dot Counts

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

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

25  count can hold a maximum coverage dot count of 69 8-inch prints, although in typical usage, the dot
count will be read and cleared after each print.
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Tsense Read only feedback of Tsense fromthe | ast SenseSegSel ect pul se sent
to segnment @@uwedEagnent. Is only valid if the FeedbackValpdbideoftizt he
Status register is set. Vsense Read only feedback of Vsense fromthe | ast
SenseSegSel ect pul se sent 20 to segnent SenseSegnent. Is only valid if the
FeedbackValid bit of the Status register is set. Rsense Read only feedback
of Rsense fromthe |ast SenseSegSel ect pulse sent to segnent SenseSegnent.
Is only valid if the FeedbackValid bit of the Status register is set.
Wense Read only feedback of Wsense from®the | ast SenseSegSel ect pul se sent
t o segnent SenseSa¥hitern the|initiab Rtinjcamaprodiict, thet ¢opsur@abld isamiinvabatil papet anxf ink,Heis

Status regi Shideivible &t a diferinCRHManRB4k BEs 3é regladdiable (iﬁlbﬂls( &ﬁsuﬁ\‘éﬁ@ Rt figaent
to the printhead. Mot Count Re d onI'_lsjlof?j'l it count of ta dots sent to

the print hedd™ ”QB%W% B 275PH RAters EEERPe gﬁ’”’fé e QASHRE o
the pri nt headee SiBHH.Z] STHaoBWEHESr thRESEnDIEH REhahayaIDIEId prd0bd desPEMHAIOTIGL B 73

-47 The M eﬁm@h Yor m%bé&%rof Llﬁsuﬁpli@@ Q‘Jel; il ﬁg hl?én%ﬁvevlﬂnﬁearp bkd&cﬂw&f EuAts! ONs

as foll ows: SCr I i on
o adi NGOt s o8N be used by i FRU R o pdateip %m-r’fmmrw%wnwf kFakige REFOI: of
dots rendi rifing Theprbeesédr avwk @i valdmé of inkiirethe éastridgedoreichion, M, fid it the CiAehipl |

I's not curr edﬁb i g&@gb%efj?géogsihrﬁ E#E thé' 9&39#& nﬁ( Jeﬁso&eQnd Jré%anlygwk lﬂksehannels

currently pr|n|n I S not currentl@yﬁﬁhlntlgﬁ dot s.
PrintingA 1 frpRyrynningrdry. 4n ypdated| gfop €°'{“h'§?”§“ﬁ"§° fhe ¥y big Sfteren Afew phigt, il
PrintingB | nbhbesprinied uhlessere whmndugh hkieft.eant slloa/sm e tochangecthBiak wittioet deitinga
FeedbackVal i (o1} Sevifibg. Wi | € the feedback val ues Tsense, Vsense,
Rsense. and ?fyéhg?‘e J\ﬂae (f% Reserved 3 PrintingChromapod 4 This hol ds

the current chromapgh bnseédt&&Pltemwyantsfsﬁaﬁf.hPiguragélqmremmmgtz%u&umf& I's

Br i nt i no gt ABPEREa Y Roindgiedn el iRat e SRRl oo The

rCIeg:ag![ Q?Sand Oli‘r“eh%%gis%}/scl es are sinply acconplished by setting appropriate

The CPU 10 communicates with the MJI 15 via a register set. The registers allow the CPU to
parameterize a print as well as receive feedback about print progress.

The following registers are contained in the MJI:

Table 19. Memjet Interface Ragisters

Register Name Description

Print Parameters

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

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

NumLines The number of Load/Print cycles to perform.

20 Monitoring the Print

Status The Memjet Interface’s Status Register

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

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

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

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

25
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Set Al | Nozzl es
(in the casqyghyldep preheat node) or to
duration for cleaning node.

15 an appropri at@-rkiRPefk£C
Set NunlLines to be the nunber of tines

1 Set the Pul seDuration register to either a | ow duration

tion
t he

nozzl es should be fired Set the Go bit and then waft for the Go bit to be

cl eared when the print cycles have com pleted.

99 The Print

Print Chain described 20 in Section 3.2,

Gener at or

produci ng test patterns.

the i nterface between Table19. Megist RikmddReghstaals t he Menj et

as well
From t he sinpl €t point of view, the PQU pr
I nterface 15,

10. 2 PRI NT GENERATOR UNI'T
Unit (PAQJ) 99 is an inplenentation of nost of the
as providing a neans of

ovi des
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shown in Fig
CFA format c

re 41. I'he

pResister Namgq

gUerom t he | mageRANPeSSHiRY
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Go

A write of 1 to this bit starts the LoadDots / PrintDets cycles. A total of
Mumt.ines lines are printed, each containing NumTransfers 24-bit trans-
fers. As each line Is printed, LinesRemaining decrements, and Transfer-
sRemaining is reloaded with NumTransfers again. The status register
contains print status information. Upon completion of Numlines, the load
ing/printing process stops and the Go bit is cleared. During the final print
cycle, nothing is loaded into the printhead.

A write of 0 o this bit stops the print process, but does not clear any other

15 registers.

ClearCounts A write to this register clears the CDotCount, MDotCount, and YDot-
Count, registers if bits 0, 1, or 2 respectively are set. Consequently a
write of 0 has no effect.

Feedback

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

Vsense Read only feedback of Vsense from the last SenseSegSelect pulse sent

20 to segment SenseSegment. Is only valid if the FesdbackValid bit of the
Status register is set.

Rsense Read only faedback of Rsense from the last S8enseSegSelect pulse sent
to segment SenseSegment. Is only valid if the FeedbackValid bit of the
Status register is set.

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

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

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

25 [YDotCount Read only 32-bit count of yellow dots sent to the printhead.
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the PGJ 99 for

reasons of accuracy and speed: accuracy,

be too nuchwiesmesr required to hold the entire inmage at pegRudmfasdssacy,
speed, because a sinple CPU 10 cannot keep 15 up with the real-tine

hi gh- speed denands of the Menjet printhead 2. The PGU 99 takes as input a

because there woul d

and

variety of paraneters, including RG to CW conversion tables, constants
for perform ng white bal ance and range expansion, scale factors for
resanpling, and |mage access par ameter§ that allow for rotation. The two

process chains can be seen in Fi

t he

ot her chain

consi st s _of

%M

ure 20.

all running in parallel.

Vim0

"“The nost direct chain goes from
| mage RAM 11ThedVdis$tals Regisieris a 16cbittegisier with hitintepratationg 3s folweess| 10. The
The first

process 111 perf orns TPHA e Bal ance and Range Expansion. The
second procgess lidnderfo %Resarrpl | ng. The thbggﬂpa‘gpess 65 performs

shar peni ng, Hhe—+out+h—p PEESH; jlswnen e

process 113 'E)"é'?'f'?ﬁbﬁrs the up- éﬁé’l Pl rSHite tﬂg@% aﬁ.ﬂg Péf’oqp ttipg
for the printer. The probesse reu‘go'mi B‘e itgrae;ss nly a few pytes
bet ween sonme_processes_ hnd % by ilvau °”‘F°“§' €% o5 SUBSTITUTE BHEET
(RULE 26)°R] PintingDols1/ 205kt PT setidiv (b i ramentyriig dplSok at t hese proceskes
and buffers|in a primari|y reliéeeas togMdjs nokqumently priniing dois ng f or t he

pnnt head dr| pmingdhe enti|e pronastitis sbt whila therefisa pylsaoh thewEaablgdinecesses apd
buf fer si ze[pfikgg CTENT S| R E ﬁtﬁfmwanﬁanmmselonuﬁtummemnaomever  he
buffer sizeppatE—SheyT m . : Ik Ve .
Generat or Uni ze Buf ( Rfidended Red
Buffer = 6 —6 eﬁ ’ 6
lines of 6 :#sr%?vn&cl J pf 6
entries @13-'?5\“?95"@53@??": |
entries of - | H S
each = 12 bjPidnoNsgdeser b43 3 Et!ﬁ't? ("R&T"'@éz'%el"gﬁ'@%‘dﬂ'egﬁﬂ‘@f’ tsstatsah 3
col ors(COMY) Lx6 lines x 1280 PWHEMe nivels (c) 8.bits each 10 Buffer!5 9
3 x 24 bits TOTAL 23, 264 Apart froma nunber of regi sters, sone of the
processes hé?fé%lEfﬁﬁ‘ﬂ‘ﬁﬂi’rﬁ"‘!“@@lﬁ!ﬁ'efabl es or menory corrponents These are
sunmari zed in TabIThe 22. Tabl e mry ; ui r(?r[]e% hi n PGQU Processes
Si ze e Cleaning and Preheat cycles are mplya complishe ysemng appropriate registers:

15

20

25

SetAliNozzles = 1

Set the PulseDuration register to either a low duration (in the case of the preheat mode) or to

an appropriate drop ejection duration for cleaning mode.

pleted.

10.2

Set NumLines to be the number of times the nozzles should be fired

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

PRINT GENERATOR UNIT 99

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

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

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

and the Memijet Interface 15, as shown in Figure 41. The PGU takes a planarized linear RGB obtained

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

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

which enables the CPU 10 to specify precisely which nozzles are fired during a print. The MJI 15

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

pulse at the end of the

line,
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Unit (bytes) Conposition of Requirenents 15 Rotate/ White Bal ance / Range
0 Expand Reg@yWmh&st Convert to L 1,152 3 kernels, each 6dpdXdadmiisss
Sharpen 0 Convert to CW 14,739 3 conversion tables, each 17x17x17x8-bits
Upi nterpolate / Halftone / Reformat 2,500 Dither Cell, 50x50x8-bits Test
Pattern Access O TOTAL 18,391 20 10.2.1 Test Pattern Access The Test
Pattern Access process 110 is the means by which test patterns are
produced. Under nornal user circumstances, this process will not be used.
It is primarily for diagnostic purposes48- The Test Pattern Access 110 reads
the I nage RAM 11 dind PBRDS digs 2 negdprimiessingathaies Thebifirse ditel TpstiPettdBuinéder sibpiyl 8dsf or

output to t f any
way. The dg‘fﬁ3 ain b??lrg%:ﬁknid’ee@%‘z?h}f gl f%ﬁég::a bm:ge’é% f&h’ﬁtpgt tﬁ;:% mﬁ%%ﬁ%@ ng
th’ | mge ActaEEs Dmeialy o il S oD SRRBISTRE PR PRSI (VD M BesiEy
PCTJA1J00/ 01&%R@ins thBRindibss: dat a read from Inmage RAM 11 Is read in a very

si npl e wrapar ound %}Se éta&pcs-gﬁp registers are used to describe the test
data: the start a e first byte, and the nunber of bytes. Wen
the end of the datRetatslmagefithed, the data is read again fromthe beginning.
The structurg of tmm'gg,gﬁcelggttern Access Unit 110 is shown in Figure 43. As
can be seen in Figure 43, the Test Pattern Access Unit 110 Is little nore
than an Address SRaemePaslPc19. Wien started, and with every AdvanceUne
signal, the gener at@smpesds 3 bytes, produces a TransferWiteEnabl e pul se,
reads the next 3 bé/t 8s, g@lnd then waits for an Advance pulse. At the
Advance pul se, t he" P ns erWiteEnable pulse is given, the next 3 bytes are
read, and the wai tConetiGeEMY&§ain. This continues until the AdvancelLi ne

pul se, wher eypon tmmg,rpg,gtggﬁ begins again from the current address. In
terms of reading 3 f%%es the Address Generator 119 sinply reads three
8-bit valyes®fromHafReaffeRAM 11 and wites themto Buffer 5 118. The first
8-bit value bs wWigdeRati rBudrser 5's 8-bit address 10 0, the next is
witten to Buffer 5 s 8-bit address 1, and the third is witten to Buffer
5's 8-bit address the PGUW oblEihLHISf GaneLAdian with Shet dreptionadf Gathéraatatisties Atl\Viance

bul se bef or &, gy g, LI SRS b éﬁ%k@mlfgtnggéggﬁﬁﬁ%% URPAEIBLAL (L plne

| mmge RAM 11" are ased ress an count as shown I n
Tabl e 23. Tafslecipgnelired epibes sowp ﬁ*mp!éébgféh%a?esfﬁfé?' er of the functions are the domain of

the PGU 89 for reasons of accuracy and speed: accuracy, because there would be 100 much memory
required to hold the entire image at high accuracy, and speed, because a simple CPU 10 cannot keep
15 up with the real-time high-speed demands of the Memjet printhead 2.

The PGU 98 takes as input a varely of parameters, including RGB to CMY conversion
tables, constants for performing white balance and range expansion, scale factors for resampling, and
image access parameters that allow for rotation.

The two process chains can he seen in Figure 20. The most direct chaln goes from the

"Image RAM 11 to Buffer 5 via the Test Paltern Access processi10. The other chain consisls of 5
processes, all running in parallel. The first process 111 perferms Image Rotation, White Balance and
20 Range Expansion. The second process 112 performs Resampling. The third process 85 performs
sharpening, the fourth process 66 performs color conversion. The final process 113 performs the up-
interpotation, haiftoning, and reformatting for the printer. The processes are connected via buffers, only

a few byles between some processes, and a few kilobytas for others.

25
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Regi ster Nane Description 15 TestMdeEnabled If 1, TestMde is enabled. If
0, Test Modayd ai/ed7 enabl ed. DataStart Start Addr ess of t @BiadddR0dsn | Mage
RAM Dat aLength Nunber of 3 bytes in test data The foll ow ng pseudocode
illustrates the address generation. The AdvancelLi ne and Advance pul ses are
not shown. 20 Do Forever Adr = DataStart Remaining = DatalLength Read Adr
into Buffer 5 (0), Adr=Addr+t. Read Adr into Buffer 5 (1), Adr=Adr+i Read
Adr into Buffer 5 (2), Adr=Adr+al Remajning = Remaining-2 if (Renaining -
0) 25 Renmining = DatalLength SUBSTI TUTE? SHEET SRULE 26) RO AU WD 01/ 20547
PCT/ AUCO 01073  Waiaokphiiess pracesses and duffessip @ Ry reYeyserder. isiacetim fiminp forthensur e

Ej h?t ]Ehe ? 8eb6 drwaama B&frélbrotfeei Tintiys o pm.&maﬁro&ssesana Buffr s..fBe r%dbﬁefmtrﬁ fire
ata for ©n 8asd yte | is the
same for BEES paé?{' éq\pwéve} 2\89’8@' hg‘?%ﬁfsrclf'gsz st 24 bits are for
oddl even pi xel s sepa,rag;aqq gmeJmnggrlpmpéaJ,,aq&tUnlitl ne. 10.2.2 Buffer 5118
Buffer 5 148 hr\l rlc + I 1
process. Buffer 5 cs&msts of a 24-bit shift register to hold dots

gener at ed pnduffer a | bwies) ir om t he UHRU 11Sompesiamat Bpffarat e- Hal f t one anI

Ref or mat® UnBiler 1 3 $- Di 188 1| (g Bufter 56 tines b ahtrieh @ thetits.eaph 736 bytesd fromthe#TPAU
Ji

(Test Pattprn AccessUnit ) BluaBiffen=B4indsiof 6 éritritls @ €0-bits 2ol =AS byt buf fer f

data transyer to the Ml @&Rmﬁer—lmn&sﬁmlneswwewwk&e from
Ml | oads tggAgbirt—Ts R?glbter wth—att—22=brts,—er ther—fron

e-bi t regi pPAIS or |t he “S 3T e gt @fat%tgsgem%{,. Butfer 5 therefofe

acts as a fouble biyfferin ra ed dots, and has
structure .B.S_SJ:LQM[IHuJ n_Fi rq‘r"B""ZZE eﬁ'ﬁ 9&??4"9 61'2%4 Buffer 4 117 hold$ the

cal cul at ed| Bwfer 3 nt ¢r medB 4 8&0PE@IBUB &S £a%P30- res) contone inmge. Buffer -4
i S gener at pHufley4 t he Z31401] 3Calprs(©MY) vl lies & d 30o@ene pineld @ 8-biszedd by t he
Up- | nt e§gool Biter 5 [Tt opéd saxdpief ornmat process 113 1n order to generafe
out put dot STEPAL P IeyieT-

the 3

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 (bs;tz:s) Composition of Requirements
15 Rotate/ White Balance / Range o
Expand
Resample / Convertto L 1,152 | 3 kernels, each 64x4x12-bits
Sharpen 0
Convert to CMY 14,739 | 3 conversion tables, each 17x17x17x8-bits
Upinterpolate / Halftone / Reformat 2,500 | Dither Cell, 50x50x8-bits
Test Pattern Access 0
TOTAL 18,391
20
10.21 Test Pattern Access
The Test Pattemn Access process 110 is the means by which test pattems are produced.
Under normal user circumstances, this process will not be used. It is primarily for diagnostic purposes.
The Test Pattern Access 110 reads the Image RAM 11 and passes the 8-bit values directly
to Buffer 5 118 for output to the Memjet Interface. It does not modify the B-bit values in any way. The
data in the image RAM 11 would be produced by the CPU 10 using the Image Access Unit 9.
25
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The size of the Contone Buffer is dependent on the physical distance

bet ween the (@zadhegy on the printhead. As dots for one co E‘f/AﬂJﬁﬁmg i ng
generated for one physical line, dots for a different color on a different
| i ne are being generated. The net effect is that 6 different physical |ines
are printed at the one tine fromthe printer - odd and even dots from
different output lines, and different lines per <color. This concept is
expl ai ned and the di stances are defined in Section 2.1.1. The practi cal
upshot is that there is a given distanc&in high-res dots fromthe even
cyan dots t hrouglihe ideta reagecfremalmage 8AMO! 1t ik eead dul 2 ety sbapled®tagaroung fikhidl&rTquO

m Nl ze geniggaid 68 bk sk [o¥'2 MR el
t hat generat\§h @W I"p aié&mg?embuff%’yg%o?ﬁgg ee(ra&ﬂ%%h %Zt ratlo
of nedi um red"" d?c?%rﬁaéﬁ-' ‘ff“ﬁ&%‘a [sseag! again frogidhe HegRMNEM res ine I's
sanpled 5 tines i ach dj sj.on. For the purposes of buffer lines, we
are only concernec}'p'9\/Feif“ﬁmrlB %L&agwnmgeaswpgmé Bdiou ot | i nes coni ng
froma single pix | ine, |3 et ween nozzles of different colors
is 4-8 dots (depe%ﬁ"?{bb 5ﬁe"|\fé ‘5? épﬁ‘?&ﬁ%?@%@)“’“\?ﬁ”’?'ﬁ’ép5“5’?8“’@5@5%‘“@95&“ ch
gives a SepanersioohSd Veem sleredo Bnd] ithd extery, Adyancélnedsigngl, ithe generbins reads 8libgesance.
The worst ¢ u&Q%ﬁ%éfQWhéEﬁabﬁbuiwﬁaQJthe nawlBy ]r_tg'aﬂ-cﬁh%@_for(dﬁwdgan@uﬁg pU VO
|

01/ 20547 P i,nc he | ast dot ne froma
gi ven pi xel 4‘ %@"Tﬁ}“? fhﬁﬂﬁnégwg‘?%f’@bp SP fredvern Iig PR PYYS e iead. fad e gk as
1, 5, 5, 5. ctcursaudinalhiseesiingas Ui heddvancelinepoiss; wberauppatha prooess hegirkGgaid Borensur e
that t he coniRBefdSfuriati on process witing to the buffer does not

interfere with the dot generation process reading fromthe buffer, we add

an extra medi Uum r Gtekrs Bredtih 3(59tla£mme Afd&&ssﬁtsen&rﬁbﬁdw anp@ realidB2e BB vaﬁQL 8m ©

The contone ref nes e nt ai ni ng
1280 8- biy Réﬂ‘%ﬁ@"’%"é‘lmg e By ’%g'l*géﬁ?rg’?‘ﬁ% é%ﬁ‘f?’?‘&'&’e'i‘ ?%k‘?{gési’?i"é’%s
23040 byt es ¢ o next gmyitendo Buffrfs %‘rﬂgﬁ'?ssoh BN the thirlis waitten to BuiffergiscB-1at-addressize ad
per cycle, aneadirésh Gglefstod11dithenWaitd 16r £0\MaVceiis6 ¥étbré SoilgBRLdams BiHg@BSn Pi Xel |'s
read 25 tinmes). The structure of Buffer 4 is shown in Figure 45. Buffer 4
can be i npl enent edhasliebiegberealsali@ tdambiccRAL CEEE bise atla 3R aifréss @ha SN
running at he, mnqﬁ paizged of the printhead dot generation process, or
can be i npl ement e RAM T unni ng 4% faster with only a single read or
write access per cycl‘reble.’aﬂTE’uHa@JmAcdeSsﬁ&}ist&r@ white (all 0) before the
start of the primt—process— 1024 —Uprnterpotate—Hal-toere—and Ref or nat
For Printer Al tholRgaistehlamgn- |int er pol at e, HRbdctiptivm, and Reforrrat For Printer
tasks 11% are defestedbEasbleds epafriaTadiMads lsendedSect i on 3. 2.8, Secjion 3.2.9
and Section 3.2.10 respecti vgl, TdstMiie Bt chiitlgement ed as a singl e process
in the hardwar & BRERIATENT AT g TAGB@ESWW19

Up-i nterpol at e, e a..d f - HRU—113—-s—t-he—cont one
buffer (Buffer | t 4 NimBer ot *%Elw‘i?m ed_CMY 1280-rés

i nt er medi at Th f 24-bit values i
(oven et o el ) d g ﬂ*wggm*ﬁ BinsntePradbe Metcirens daien: |

pulses are not shown.

20 Do Forever
Adr = DataStart
Remaining = DataLength
Read Adr into Buffer § {0), AdrsAdrsl
Read Adr into Buffer 5 (1), Adr=adr+l
Read Adr into Buffer 5 (2), AdrsAdr+l
Remaining = Remaining-1
if (Remaining = 0}

25 Remaining = DataLength
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output to the printhead via Buffer 5118. The 24 output bits are generated |
bit at a tiwenamirsent to the 24-bit shift register |n Ruidennomr318. The
control of this process occurs fromthe Advance and Advanceli ne signal s
fromthe MJI -15. Wien the UHRU 113 starts up, and after each AdvancelLi ne
pul se, 24 bits are produced, and are 20 clocked into the 24-bit shift
register of Buffer 5 by a ShiftWiteEnable signal. After the 24th bit has
been cl ocked in, a TransferVViteEnabIg pul se is given, and the next 24 bits
are generated. After this, the UHRU" %3 waits for the Advance pul se from
the MII. \Wen t#8P%Advance pul se arrives, the TransferWiteEnabie pulse is
given to Buffer 5 TI8  and the next 24 bits are cal culated before wai ting
again. In practice, once _the first Advance gulse i s %@ven chronlzatlon

has occurred anbisfiaresransiiitnstthe CPY 19 logasurs thit thadat s \“9“"'2‘2[ thead 2.
t her eaf t eByte 8 s thdTzAfire tats fpphe 8 segmiebts bftcpangbitd € ségaiestrorat), qtyteo'c;eem smfobe seen

in Figure ) 4 01073
-53 The "\g%t %ﬁg{iz &?ﬁgﬁrﬁ{-{g{l 5%53@%456 'glarrrésr&e\é@l%;é ggﬁsm gn'(e;yd'% ar at or
120. The t‘%ml‘ﬁiﬁ@}ﬂ'%e to the conmparator cone fromthe Staggered D|ther Cel |
121 and® -Buffer 4 117. The order ‘that these values are presented to the
Unsi gned @@2RarBufter51180 i s determ ned by the Address Generator State

Machi ne 122, which ensures that the addresses Into the 1280-res |nage mat ch
t he segment - or i Byffee8 11§ hejds the gengrated ot from; the.eniirg Brint Genpration, progess; Bulfer S

Gener at Or cévisifs cof M 2pbin enift 2eyistdn a6 eibldr ddtsugsheratedtk@® dthee timbJroinnthe ryriRLat 130N and

Ref or mat t '%Jr&{]atgﬁél&ﬁtng%néﬁe?&ﬁat éﬁﬁtéﬂﬂn é#]ﬁ&swmwe BEGErRatd Iro ﬁnﬁé fiad i ne at

atim5 ion hen ref or nat | T ne accor to the
printer | S'GRU’[? 9B GerePinibngne 324t proister yspd s the Rufiepfos dal ransfer o g MJi(Mgmiet
ref or mat t intgfaced. The Aidenesipls fiohthe jiliricads ihat28-bit Femefersregigerofith tah @4-bitsn eitee
buf f er 3 ( Btk 8% bl reofsfers S sRBIS Y-bifintbdtert he conparator 120 uses the

correct |ookup from'the dither celfg 121" to match the staggered addresses.
The Hai ftoni ng bafeKs irerefdiCach?dtt dABbISIEHEArgIRndNEmIBIakd Stnerdted dfls, sRIPNRVLT |

si nce thestd‘:f%‘rea tsFare enerated in the correct order for the

pri nt head *"*HE % d'? BH2*Di ther cell 121 I's chosen so 10 that it divides
evenly |nt§) 00B Consequently a given position in the dither cell for one
segnent wil = heBRE4 I e for the remai ning 7 segrrents A 50x50 dither cell
provides a sati gf [ SRER be the sane
position in theaff%qﬁho'? e"'cu gd%sedn eq' ter sé’rent(lé:hraT""s wngd"e P&t he
fact that Buffsr f4fia generated %e%‘eé-?’@' §E"Vﬁ'§'°g@r?é?$&t@d a@ﬁ agepsed; hyrihet Unqiptempplatecach  of
the coldr $laltdie@ndRElbatir@sd 138 intofder QigkreRite oufgit dotd for thdwintef. or e qui te si npl e.
We start at a particular rowin the Staggered Dither cell (e.g. row 0). The
first dither celrhe sizetaf phelConwing Buffenis depeitientih thisphysitehtistantt bgtwesh the mozsles 24
cycl es) tqnesraﬁméae Aéh%ts?cor%h e amemg%lekerﬁe&egm%&mﬂné dua%} aqm%?éape to

Entry I of row O After r g/
cont i nues SN Z(djferees libgypre E?ES?/Q?E&'F’E" JF'?JI%‘?’ e?‘?‘? 9 étﬁte‘i %{?eée”é'i"ly ‘fé'"‘??)ﬂ e@B‘E‘%" The
Hal f t one Erthe oreHigve fioindizspriated- ofiB andbevers ddtofront tifferérd vatpid ries.rapd pifiérerd livdsipeh

causes theonafdﬂfsecsﬁcepﬁ@erpamanfa@]e%si\éae&emtaerﬁeh@‘sbeaﬁ\zﬁqw in the dither
cell. The Staggered Dither cell 121 is so called because it differs froma

regul ary di t her owd pradadal upshot is that there is a given distance in high-res dots from the even cyan dots
through the magenta dots to the odd yellow dots. In order to minimize generation of RGB and hence

CMY, the medium res contone pixels that generate those high-res dots are buffered in Buffer 4.

Since the ratio of medium-res lines to high-res lines is 1:5, each medium res line is sampled
5 times in each dimension. For the purposes of buffer lines, we are only concemed with 1 dimension,
so only consider 5 dot lines coming from a single pixel line. The distance between nozzles of different
colors is 4-8 dots (depending on Memjet parameters). We therefore assume 8, which gives a
separation distance of 16 dots, or 17 dots in inclusive distance. The worst case scenario is that the 17
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having the odd and even |ines staggered. This is because we generate odd

and even pi x¢doifessprting frompixel 0) on different |ingsyapshigaves the
Address Generator 122 from having to advance to the next row and back

again on alternative sets of 24 pixels. Figure 25 shows a sinple dither
cell 93, and howto map It to a staggered dither cell 121 of the sane
size. Note that for determ ning the "oddness" of 20 a given position, we
nunber the pixels In a given row 0, 1, 2 _etc. The 8-bit value fromBuffer 4
117 is conpared (unsigned) to the 8-bit- Ydlue fromthe Sta gered Dither
Cel |l 121. Ifd?iﬁée%n‘ﬁﬂd@? the iast det|ling, e @ oiven pixad dinee Thip finpliesot pie g, with doh lines

dither cell ‘Gaderfad281,5,3,'s, Diahd diBwHihiRtasd & nbBR sedarbidn t6 6gi ster of Buffer 5
118. O herwise a "0" bit is output to the shift register of Buffer 5. In

order to hal ftone %§eRif 150 0e@bRonRigemiraion frocesORritng til thesuffer doed sot Mestbrela@n r ead

addr esses i il LETEFeR Pers rapPl ot 8 e ot ph Bl iR Bl 2 B a0
WO 01/ 2047 PG sl800¢PEO®Br. . 54 i npl enenti ng the Upi nt er pol at e task. The

address generation for readl ng Buffer 4 is slig h??é')ﬁl nor e Ilcated t han
t he addres® gener afheosentons buffpras BiprelaerS qlors of 6 lgas. "’6\?@?‘4"9"9518 0 Fhbcontrnt ess

Gener ator f orvamégaﬂ[engaﬁhénfoﬁf reduiredlis \8 0P Q126D -OZBDEO byt (£4.5 KibytasDWh® ety baly 4
has been witten.

it ecti vel y. BN ToR I S He ot 38 o SnolPt b e Syt 2 St dorishl
tines has a r@@%t‘%ﬁs)\'A'M%Nawep?ﬁugﬁéﬁsséﬁ‘ﬂ"FF‘&%’f’i“%nal conponent. 5 The

i nteger portion of 'the register is used to select 'which Buffer |ine vaI

be read to ef fecti Pefeys candeitriasard e eieyiaioptie psess (rradiand WHtel RAM mpninast o -
odd and even tginseihs spedd pi tiegdrintbesd dbt@ereratioreprerseiortcan berimplettenien ag RAM cioninged s

position wt I?As{é,,,':,@,qm;g%y@em & wiiteSkbied gor bePOr ary counter i ? ADR (pi xel

address) 44S used nto the renaining 7 segnents. In sumary then,

addr ess generatlOnemh&%a%me&#twmfméméﬁawf&@%nﬂtb@wfspl | owi ng registers,
as shown |n Tabl e 24. 10 Table 24. Registers Required for Reading Buffer 4

Regi st er |ze e 3l dnd ReRrmigt Foiifiddd 6 bits (3:3)
Magent aEven 6 u%%oﬁ% 3"2?1 a(dd 6rb|tg (3:3) YellowkEven 6 bits (3:3)

Yel | owGdd 6 bi tS (%m%)xghlhﬁe w‘ﬁaﬁbnmPteAﬁﬁﬂo%é 4l Werokrdal F& PiMBOBHE 31 P @Binkd obi TS

11: Yell ow P ADR 14
( 3 €io separate tasks by gec’uon 3(2 8, Sectaon 3.2.9 and Section 3.2.10 respectively, they are implemented

as a single process in the hardware implementation of the PCP 3.

15 The input to the Up-interpolate, Halftone and Reformat Unit (UHRU) 113 is the contone
buffer {Buffer 4} 117 containing the pre-calculated CMY 1280-res {intermediate resolution) image. The
output is a set of 24-bit values in the cormrect order to be sent to the Memjet Interfaca 15 for subsequent
oulput to the printhead via Buffer 5 118. The 24 output bits are generated 1 bit at a time, and sentto the
24-bit shift register in Buffer 5 118.

The control of this process occurs from the Advance and Advanceline signats from the MJi

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

20 ciocked into the 24-bit shift register of Buffer 5 by a ShiftWriteEnable signal. After the 24th bit has been

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

UHRU 113 walls for the Advance pulse from the MJl. When the Advance puise arrives, the

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

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

o5 The Upinterpolate, Halftone and Reformat process can be seen in Figure 48.
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P ADR 11 bits (only holds integer portion of X P ADR) The initial values
for the 6 byblghoski ne registers Is the physical dot distggadehiPen
nozzles (renenber that the fractional conmponent is effectively a divide by
5). For exanple, if the odd and even output dots of a color are separated
by a distance of | dot, and nozzles of one color are separated from 20 the
nozzl es of the next by 8 dots, the initial values would be as shown in
First tine colum in Table 26. Once each set of 19,200 dots has been
generated, each of these counters nust ~PHcr ement by I fractional

conmponent, r epr esEetHalfigne thsk if undertakendyy thasimpled-bilanyigried gorepatster (120« Ble b iputses i n
t gg \d/er ticalp m@%ﬁ%?&%ﬁﬁ&&ém%mmw ohie PrEEF/wQ(ijQ:EéJJ 1073
- i mensi on e re econ | he

col urm in THRbeas 'fé”esﬁi?‘lem ?Wa{'f"s'sﬂeﬁecs"mp?mw {?B F’ '8“[ WB?%F%S RI1ePt Stk £ er
lines. Tabl Machie 12 ahich ensures that th&eddmssesiinio Be d2A0ered image vatth be sdomentiorentdt

Val ve. Bt { SRRl it hinlead TRE AJGS0 Ot B a2 erdoleciBled et 1
0:1 0 0: 2 oUPinisRoRinAnd Retematiing % ?"3}“ Ba‘ﬁ 'f“a? 56““9' %ﬁ@@%?’&%ﬂ”‘“m
Magent aEve nat(h!glh ré3oiOtiod, ddd the@ refomt mmmwmemmmm récBiyenin® (& d8sofbed)

el | owCdd Eﬂ%\é%%‘a) %Be%?fém?a o % dbnidleR u@ utstgpt,ﬁanahe SRres§iY SR ntbREsUtfer

det er mi ne I nes i r ven 10 cqlor's
odd or even"%ﬂf’%(é? 197, ond st e AP0 RN S ot fim B a1 )

read from t hetcisihe stadgered abidressesof Buffer 4, we use 3 Pixel Address counters,
one for each color, and a single tenporary counter (P ADR) which is used
to index into eachheskiaftoping tasiciscthe semmehdesribed by Seetior d-2f% Hiawevak sinescthe ldgt 800

dot Si | I'n o e gl 5r@§en9ria?é§ tnshetéa'hsct &bartf@ mtﬁ@nﬁtﬁeaa,ﬁﬁb sizionBe DRRPCII 2 tlis bﬁlilo‘iérmge
exactly by e i nt ege ress
count er sqg atdeﬁvéér% fye"pﬂ‘z %P g‘ﬁ'l;%as" afgﬁ'gn ‘E'ﬁe e'b Yy o eéﬁe'n °%f “"eg""g't‘t WP e 8
addr esses f the samgforthenemaipips: fisegments 501‘59&’?"?5}7 cqll W@Vﬂe%ﬂ'@%%%eﬂﬁr‘\stqq@"@ﬂe n '
yel l ow. V& intsRBrior 8.2.9} the sshd/ Bsifiddlin thé Githerckd!l €4n®8 useiBgameRnt cBIod dyéelo evacpinge! s

Thi s procesg of 24 ol

200"t e Rgcter 148 B ki el A lfhai bile G/l el B, R ffsmih by REBHE "L
advance t hecd ipherefare qpuiterfimple: Mestagata patpuias oy in 'ﬁ'%%‘a%ﬂ??&r%& celi(prg- '?YéR)t Teuf f er
i ne i s nownktdarer aélitkntry adly Ehey 0. Wediad that@ntyos timbe(2Coyuiesy tb génaratehe doRBIeS) .

Tabl e 26 i F§sé}fﬁﬁ Jétaﬁm‘e%g‘r@?ﬁ :@EJ::G1 FoWo Xﬁ’é?lgﬁv%% wé‘gi}&‘?ﬁa%kﬁeéh glan for

Readi ng Buf dress at1on ner at e a ress for
even pixel Feptinues; fon 2l 98R oxsips in 4ERg e'B‘eé%e 200\3gtic EhetHgifigea Ynit then stops and

waits for the Advanceline pulse which causes the address generator to advance to the next row in the
dither cell.

The Staggered Dither cell 121 is so called because it differs from a regular dither cell by
having the odd and even lines staggered. This is because we generate odd and even pixels (starting
from pixel 0) on different lines, and saves the Address Generator 122 from having fo advance to the
next row and back again on alternative sets of 24 pixels. Figure 25 shows a simple dither cell 93, and
how to map It to a staggered dither cell 121 of the same size. Note that for determining the “oddness” of

20
a given position, we number the pixels in a given row 0, 1, 2 etc.

The 8-bit value from Buffer 4 117 is compared (unsigned) to the B8-bit value from the
Staggered Dither Cell 121. if the Buffer 4 pixel value is greater than or equal to the dither cell value, a
“1” bit is output to the shift register of Buffer § 118, Otherwise a “0" bit is output to the shift register of
Buffer 5.

In order to halftone 19,200 contone pixels, 19,200 contone pixels must be read in. The
25 Address Generator Unit 122 performs this task, generating the addresses into Buffer 4 117, effectively
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Cyan_P ADR +=1 pixel for cyan 20 (nmod5) | CyanEven: P_ADR P ADR += 160
Advance to s Bhsgt (cyan) 2 CyanEven: P ADR P ADR += 16@--Aduanssst O
segnent 2 (cyang 3 CyanEven: P ADR P ADR += 160 Advance to segment 3 (cyan)
4 CyanEven: P ADR P ADR += 160 Advance to segnment 4 (cyan) 5 CyanEven:P_ADR
P ADR += 160 Advance to segnent 5 (cyan) 6 CyanEven:P ADR P ADR += 160
Advance to segnent 6 (cyan) 7 CyanEven:P ADR P ADR += 160 Advance to
segnment 7 (cyan) 25 SUBSTI TUTE SHEET (RULE 26) RO AU WD 01120547

PCT/ AUD0101073 -56 Table 26. Address G®feration for Reading Buffer 4 #
Addr ess Cal cimplatmensing Gertiphnarpole8 Syka iy adurdds géRrabinDir readingnBuffet 4 sosliohte swref or

even pixel | mphBA8HEALEodRs oaREASRUIRRLbuploRi@N0e L0 Wagent 2 P
ADR += | next pixe magenta (nods 9 Magent aEven: P ADR P ADR +=180

Segment 2 (mmgenta A?Hfmwé‘%e"ﬁ%*a“&%@n‘*%p‘@AEEDR"“@’E'V OO e et il TR 50
(magenta)  12°ERmEieRt RERIRINDG KwS ok 4 P‘ealé?)mﬂdvséﬁégv?’@%%ﬁ@ﬁtpg (‘%ggent a)
13 Magent aEven: P ADR PADR += 160 Adyance to B é‘ "
Magent aEven: P_ADR FSapR a5 afggv 5\8‘9%@'\5 ﬁ P%ﬁ%@ﬁ?%f on §°mp°"e"
Magent aEvén: fhe/ARBydPABNBon+ of 1166 rebidten iscesed o s&t&gh‘efﬁph &uf(enﬁ!gaewti &} reafigo effectively
Magent aEven: f .&%&5%5?5 oo T R %Lrea@d%@@%aé B SR Pixdl. 6 ixel CbuErk |a%V¥stcN3R

Yel | ow segnent vance to ne eI I ow
(a5 * T mepn Baeyent osiyetApenen P Kt Sarpvsaie AR G pitieet 1

Yel | owEven: Pis AR tFBR ntothd BBaikidy tsegrents segnent 2 (yel low) 19 Yel | owEven P
ADR PADR += 160 Advance to segnent 3 (yellow) 20 Yell owEven: P ADR PADR +=
160 Advance to segmneynmaty them kddma gengrationdqr regilipm Ruifers ragiresipgiiliowing legigterscifance
to segnent SsHow@inltamd 24.22 Yel | owEven: P_ADR PADR +=160 Advance to segment 6
(yellow) 15 23 Yell owEven: P_ADR PADR +_ .160 Advance to segnment 7 (yellow)
Table 24. Registers Required for Reading Buffer 4

40
Register Name Size
CyanEven 6 bits {3:3)
CyanQdd 6 bits (3:3)
MagentaEven 8 bits {3:3)
MagentaOdd 6 bits (3:3)
YellowEven 6 bits {3:3)
YellowOdd 8 bits {3:3)
15 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)

The initial values for the 8 buffer line registers is the physical dot distance hetween nozzles

{remember that the fractional component is effectively a divide by 5). For example, if the odd and even
output dots of a color are separated by a distance of 1 dot, and nozzles of one color are separated from

20 the nozzles of the next by 8 dots, the initiat values would be as shown in First Line column in Table 25.
Once each set of 19,200 dots has been generated, éac:h of these counters must increment by 1
fractional component, representing the fact that we are sampling each pixel 8 times in the vertical

25
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24 Yel | onEven: P ADR PADR = Cenerate address for even pixel in Cyan- P ADR
Cyan segnheryo fizag advance to next Cyan_PADR += 1 pi xel p&paveoigys( nods)
25 Cyan(c)dd: P ADR PADR += 160 Advance to segnent 1 (cyan) etc. The
pseudocode for generating the Buffer 4 117 addresses is shown here. Note
that It is listed as a sequential set of steps. Table 26 shows a better
view of the parallel nature of the operations 20 during the address
generation. % Cal cuI ate start positions_ CyanEven 0:0 CyanQdd CyanEven +
0:1 MagentaEven = CyanGdd + 1:3 Mage etdodd = Magent aEven + 0:1 25

Yel | owEven dimepsian. aw@sulw! vajues yill the\Re @s|shewry | Seeani | e calumy.in Tablg28-Nole Irrt SSHEET
(RULE 26) RG ALb:y\Enéxlinetdaré éntySBuffedkned. 01073 -57 Do N tinmes (depends on print
size) Cyan P ADR = 0 Magenta P ADR =0 Yellow P ADR - O Do 400 tinmes It
gener at e t hakde/ 262 Exampld Ipitl Setup hnd $¢cond Lige Valods 18rthe) b Buffer L.inl@ Ragisters | nt eger

portion of Cfyan_ an F= @I Do 3 11 ngs

ReadBuf f er 4(||i ne:Q/anEven pi xel =P A Sirstldne, — 150 EeRPPALING ADR -

| nt eger portipn g;mg/age ta Ba,gm,mwag TvﬁluE’ Ndigyufr= {[0: Vaiuk© boagf,ti nmes

ReadBuf f_gr 4(1 t’:yam_évwE nitia) Position N A T (R 0
CyanOdd CyanEven+0:1 0:1 0 0:2 0
MagentaEven CyanOdd+1:3 (8) 1:4 1 2:0 2
MagentaOdd MagentaEven+0:1 2:0 2 | 21 2
YellowEven MagentaOdd+1:3 (B) 33 3 34 3
YellowOdd YellowEven+0:1 3:4 3 4.0 4

The 6 buffer line registers then, determine which of the buffer lines is to be read for a given
10 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

15 and advance the 6 buffer line registers. Every 5 line advances, the next buffer line is now free and
ready for updating (by the Convert to CMY process). Table 26 lists the steps in a simple form.
Table 26. Address Generation for Reading Buffer 4
# Address Calculation Comment
- P_ADR= Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advance {o next
Cyan_P_ADR += 1 pixel for cyan
20 (mod5)
1 CyanEven:P_ADR P_ADR += 160 Advance to segment 1 {cyan)
2 CyanEven.P_ADR P_ADR += 160 Advance to segment 2 (cyan)
3 CyanEven:P_ADR P_ADR += 160 Advance to segment 3 (cyan)
4 CyanEven:P_ADR P_ADR += 160 Advance to segment 4 (cyan)
5 CyanEven:P_ADR P_ADR += 160 Advance to segment 5 (cyan)
6 CyanEven:P_ADR P_ADR += 160 Advance to segment 6 (cyan)
7 CyanEven:P_ADR P_ADR += 160 Advance to segment 7 (cyan)
25
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EndDo P ADR = Integer portion of Yellow P ADR Yellow P Adr += 0:1 Do 8

ti mes ReadBuf .ne=Yel | owEven, pixel=P ADR) 15 P ADR = dDo %
generate thevg‘ggﬁ%lgi;el s for the first set of 24 bits P AIS@T@%?&&"E%H
portion of Cyan_P ADR Cyan P ADR += 0:1 Do B tines

ReadBuf fer4(li ne=CyanCdd, pixel-P ADR) 20 P ADR += 160 EndDo P ADR -

I nt eger portion of Magenta P ADR Magenta P _Adr += 0:1 Do 8 tines
ReadBuf f er 4(1 i ne=Magent aodd, pi xel =P ADR) P ADR +- 160 EndDo 25 P_ADR =

| nteger portion of Yellow P ADR Yellow-$#-Adr +. 0:1 SUBSTI TUTE SHEET ( RULE
26) RO AU WD 01120547 PaEhia280edGE9Ganeratint for Readhg Buffess

ReadBuf f er 4( fine3vyerIowCdd, pi xeJ - P Arn l) TPTADR F= 160 ENdD0 % NOw TGN
advance to nexf "l i ne' AddtessyanFyien +Calgulation anyid += 0: 1ComWBERENt aEven 4=
0:1 WMagent aQdd +HsCynEvenRAUROWEVIER ABR=): 1 Yel | pGerdaiteaddi®ssifor eferdibe! in
Magenta_P_ADR Magenta segment 0 and advance to
Magenta P_ADR += 1 | nextpixsl for magenta
{mod5)
g MagentaBven:P_ADR | P_ADR += 160 Advance fo segment 1 {magenta)
5 10 MagentaBvern:P_ ADR | P_ADR += 160 Advance to segment 2 {magenta)
11 MagentaBven:P_ADR | P_ADR += 160 Advance to segment 3 {magenta)
12 MagentaEven:P_ADR | P_ADR += 160 Advanca 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 § {magenta)
15 MageniaEven:P_ADR ] P_ADR += 160 Advance to segment 7 {magenta)
16 MagentaEven:P_ADR | P_ADR= Generate address for even pixel in
Yellow P_ADR Yellow segment O and advancs to next
10 Yellow_P_ADR +=1 | pixel for yeliow
{mod 5}
17 YellowEven:P_ADR P_ADR += 160 Advance to segment 1 (yeliow)
18 YellowEven:P_ADR P_ADR += 180 Advance to segment 2 {vellow)
19 YeflowEven:P_ADR P_ADR += 160 Advance to segment 3 (yellow)
20 YellowEven:P_ADR P_ADR += 160 Advance to segment 4 {yellow)
21 YellowEven:P_ADR P_ADR += 160 Advance to segment 5 {vellow)
22 YellowEven:P_ADR P_ADR += 160 Advance to segment 8 {yellow)
45 23 YellowEven:P_ADR P_ADR += 160 Advance to segment 7 {yellow)
24 YellowEven:P_ADR P_ADR = Generate address for even pixel in
Cyan_P_ADR Cyan segment 0 and advancs to next
Cyan_P_ADR += 1 pixet for cyan
{mod5)
25 CyanQdd:P_ADR P_ADR += 180 Advance to segment 1 (cyan)
efc.

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 paralle! nature of the operations
during the address generation.

% Calculate start positions

CyanEven = (:0

CyanOdd = CyanBven + 0:1

MagentaEven = Cyan0dd + 1:3

MagentaOdd = MagentaBven + 0:1

25 YellowBven = MagentaOdd + 1:3

YellowOdd = YellowBven + 0:1
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EndDo 10 10.2.5 Buffer 3116 Buffer 3 is a straightforward set of 8-bit R
G B val uewodiase RGB val ues are the sharpened nedi um pepAlidaiPn’ €S)

pi xel s generated by the Sharpen process 65, and read by the Convert to CW
process 66. It.is not necessary to double buffer Buffer 3 116. This is
because the read (Convert to CMY) 15 process 66 only requires the RGB

val ues for the first 39 cycles, while the wite (Sharpen) process 65 takes
49 cycl es before being ready to actual IRéBupdate the RGB values. 10.2.6
Convert to CMYy 66 The conversion from- to CW is performed in the nmedium
resol uti on spacePq Y x&wrsy dehendmgn grigesiigsdd i n Section 3.2.7. The conversion
process 66nust prodeee _Adre. sont one buffer pixels (Buffer 4) 117 at a rate
20 fast enough to Jg&RaUPAk 1B the Upinterpol ate-Hal ftone-Refornmat process
113. Since each co‘pgi)ne; “val ye is used for 25 cycles (5 tines In each of
the x and y di rrensfon"é')-,-“?%'é conversion process can take up to 25 cycles.
This totals 75 cycloetPoftdpesy| | 3 col or conponents. The process as descri bed
here only requires IMgégedteIhpevenCikélla 0 LA FEFE , seWiok Ratdies | Nput RCGB

val ues agtually fregdasf L @heedd SHEIEDE dyvhn BBrPrOCESS is inplemented with
| ogic that requires %gﬁ%‘%“ Lo [he I'nput R& val ues for nore than 49
cycles, then Buffer WiTlI" 'fequire doubl e-buffering, since they are
updat ed by the Shar g@nt S§eprocess 65 after this tine. 25 SUBSTI TUTE SHEET
(RULE 26) RO AU WO 011 ZXe&vf R TLiASR4rBi@7 Dixelb® alle conver sion i s perforned

as tri-linear interpol@idrof. 16bhree 17 x 17 x 17 | ookup tables are wused for
the conversion procggg, RGB to Cyan 90, RGB to Magenta 91, and RGB to
Yel |l ow 92. However, since we have 25 cycles to performeach tri-Iinear

i nterpol ation, ther P& 1A BEEFH" £8P 3"+*R| i near interpol ation unit.
| nstead, 8 calls to "@9¢En&Adri+Aat%t pol ati on process 130 is nore than
adequat @ Addr ess gewes atdesn for indexing into the | ookup tables is

straightforward. W USRadobi@efh (IMDSIMagentabd)idikdiantodyi ts of each 8-bit col or
conponent for address ggperation, and the 4 |east significant bits of each

8-bit col or conponent for interpolating between values retrieved fromthe

conversion tables. TR&® addressi ng into the | ookup table reouires an adder
due to the fact that®-2Re= [fersherprortioh of ablodim®i®si ons of 17 rather than 16.
Fortunately, nulti plyiywg rmad-&id:1nunber X by 17 is an 8-bit nunber XX, and
t herefore does not rRGk{fRsan adder or nultiplier, and nmultiplying a 4 bit

nunber by 172 (289) is_onl 1 ght re canplicated, requiring a single
add. Al though the int 2‘?%1’%?7‘3%“%%&*%" ee"'p‘é‘r"?lgrpﬁaebg faster, we use a single

adder t& generate 10 %af¥r'&s¥8s and have a single cycle interpolation unit.
Consequently we are Eaflce to cal cul ate the

% generate the odd pixels for the first set of 24 bits
P_ADR = Integer portion of Cyan_P_ADR
Cyan_P_ADR += 0:1
Do 8 times
ReadBuffer4 (line=Cyan0dd, pixel=P_ ADR)
20 P_ADR += 160
EndDo
P_ADR = Integer portion of Magenta_ P_ADR
Magenta_P Adr += 0:1
Do 8 times
ReadBuffer4 (line=MagentaCdd, pixel=P_ADR)
P_ADR += 160
EndDo
25 P_ADR = Integer portion of Yellow_P_ADR
Yellow P Adr += 0:1
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interpolation for generating a single color conmponent fromRGB in 14
cycles, as shgpmibdigTabl e 27. The process nust be repeat ?tﬁ.&ﬁnmﬁﬁsi n
order to generate cyan. magenta, and yell ow. Faster nethods are possible,
but not necessary. Table 27. Trilinear interpolation for color conversion
Cycl e Load Effective Fetch Adjust ADR register Interpolate | ADR = 289R 15
2 ADR = ADR +17G 3 ADR =ADR + B 4 P1 RGB ADR = ADR + 1 5 P2 RG+1 ADR =
ADR + 16 6 P1 RG+1B ADR=ADR+1 P3=Pl to P2pyB 7 P2 RG+1B+1 ADR = ADR + 271
8 P1 R+1GB ADR = ADR + 1 P4 = P1 to P2 by B 9 P2 R+1GB+1 ADR=ADR+16 P5=P3
to P4byG 20 10 P1 R+1°G+H*"™B*ADR = ADR + 1 P3 = P1 to P2 by B 11 P2
R+1G+1B+1 12 P4=Pl t o PXsyBuii$3d (RE=PS1owiRipi@-r RIRIV=P5 t 0 P6byR As shown
in Table 27, a single ARRagregisber and adder can be used for address
generation into the Iggkup tables. 6 sets of 8-bit registers can be used
to hold internediate results - 2 registers hold 25 values |oaded fromthe
| ookup tables, and 4 registers are used for the output fromthe
interpolation unit. Not o+ ¢patadranee tnpat térethe |inear interpolation unit is
al ways a pair of 8-Dbiteyssegénsi-e6.3 P11P2, P3/ P4, and SUBSTI TUTE SHEET (RULE
26) RO AU 01/2(1547 BCHaAJOR 01073 -so P51136. This is done deliberately
to reduce register selection logic. In cycle 14, the "V' register 131 holds
the 8-bit value final I'VEET XM 51 ¥4, The 8-bit result can be witten to the
appropriate |ocation i*feB&¥Fér~4:2 117during the next cycle. A block diagram
of the Convert to CMY pirewmss+66:.1can be seen in Figure 48. Assum ng the
process is first run twigesr.ate, cyan, the resultant cyan contone pixel is
stored 5 into the cygn 1280-res contone -buffer. The process is- then run
again on the sanme RGB Input to generate the nagenta pixel. This magenta
contone pixel is st67ed into the magenta 1280-res contone buffer. Finally,
the yell owe contone pixel 1s generated fromthe sane RG 1 nput, and the
resultant yellow pixel is stored into the yellow 1280-res contone buffer).
The address J&fdr ag‘i'ff?ﬁ:’ﬂﬁ witing to the contone buffer (Buffer 4) 117 Is
straightforward. A_ single address (and _acco nyin | or Sel ect bits) is
used '? 0O wite to eQE’%"% af??@hFWaé%seéﬁlsﬁF‘%b%'fEfn‘EﬁggThege 8 iias ore o Sha'pe"%"
medium res (1280-res) pixels generated by the Shamen process 85, and read by the Convert to CMY

process 68.

it is not necessary to double buffer Buffer 3 118. This is because the read {Convert to CMY)
15 process 86 only requires the RGB values for the first 38 cycles, while the write {Sharpen) process 65
takes 48 cycles before being ready to actually update the RGB values.

10.2.8 Convertto CMY 6§

The conversion from RGB to CMY is perforred in the medium resolution space {1280-res)
as described in Seclion 3.2.7.

The conversion process 66must produce the contone buffer pixels (Buffer 4) 117 at a rate
20  fast enough to keep up with the Upinterpolate-Halftone-Reformat process 113. Since each contone
value is used for 25 cycles (5 times in each of the x and y dimensions), the conversion process can take

up 1o 25 cycles. This totals 75 eycles for all 3 color components.

The process as described hers only requires 14 cycles per color component, with the input
RGB values actually freed after 39 cycles. If the process is implemented with logic that requires access
to the Input RGB values for more than 49 cycles, then Buffer 3 118 will require double-buffering, since

they are updated by the Sharpening process 85 after this time.
25
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The Cyan buffer is witten to on cycle 15, the Magenta on cycle 30, and
Yel | ow on gp@hBas#p. The pixel 10 address is increnmented spduesMany 75
cycles (after all 3 colors have been witten). The line being witten to
increnents with wapping once every 5 AdvanceLi ne pul ses. The order of
lines being witten tois sinply 0-1-2-3-4-5-0-1-2-3 etc... Thus the
wites (25 x 1280 x 3) balance out with the reads (19200 x 5). 10.2.7
Buffer 2 115 Buffer 2 accepts the outpyt fromthe Resanpl e-CreatelLum nance

process 112, where a 15 conplete RCB and L ed f a given
pi xel coor di nat eThe-Fen¥ersign BBPWWWS%#WHMM% %@f"?gg °gﬂ’3 a8 ocess
65, Wwhi ch used)tor trescoavetsion fBocssst RGB tb (Qyam 80 (RGB/to| Magenta 93, andrRGR oYelew B2ie
pi xel  being, 5§$3Jn@§u€ﬁave§9&%@ﬁ%§&&mea&w.ﬁa& .ﬁtaﬁona#aarm*s REndRl RF 8 st 185,

there is nee or access

g r1r&ﬁnce val >u?g y as wel |
as the corlineas siameaiation yaitdnsiead, frallstg p fineat interp 'é‘f?f‘@?"?"ﬁ I3 et than,ageauatyy ¢ he
sane tinme, the next 3 |um nance val ues d Corre ond enter
val ue nust be cd@ﬁ%ﬁ%ﬁ“%@'fﬂ@"?@%‘&%l k@%’fﬁﬁ&%'ﬁ&ﬁ'@é& g&d’%sm The
| ogi cal VI ﬁgﬁuﬁeént BB OEEARB 8-bit coldBicbrhpner fa 2ddréss gerfecation, akDihe A leastgignificantdits afhe

%gj\/lualm th ?#E-grl ?’d‘%’ r Qinyfherbrok nFero%tu;b]ét\n}e@n VIUEP teXie@et M Ah cdhvdrsich t8ds! The 8- bi t

SIng on rea write pro i.n
shi fting ofiddessingdato ‘hA'%K%lﬁb'edﬁ?ﬂFﬁF"c?gﬁﬁf’@t°8§rﬁa%%q"feﬁ%‘%" ﬁ?g v'\?etnﬁms
Wr appi ng t &F 47rramértRana1ec Fortunataly, rouliplying,a 4xbil tUmbert X i t17 veery 8biypuratee Xsandhe
equi valent of, shifting the enti ' ol qu,gq ) The
fact that WRErelwEfoes ?%h%}’ eantaﬁgerfo ou l? ‘ﬁ 'Fd rﬁuﬂgkeaqym né'g‘tga | s7n(g§g Iﬁéeélagvant
and nerel yslumbwosedgwleeteateqwh@%%Merﬂjdof not having to |an ement
conplicated 25 shift and read/wite logic. In a |ven C t he
ei ther be writt efthpeghdhe intemglationgepid ps Perfoumed Bster. W“FT 8 %‘P'B@@%"Eé%gﬁ?&'@? 75
cycl es 1on ¥dureebest 4hd HaVES &ingle iciicld intkegolatian Urdte Qonspquentlylwet bre gblel atcaiedale the

BT e MR 25 0B 45030 40 it 0T

orns t he sharpening tas| Fﬁfrlbedln
Sect | on 3. pogss By bereperisd Admes Perstio gegs 3l Yal: agnis. e yplay: PR BT 8 3
116, the Spesipe/bulivt hectdsaryuist keep up with the Convert to CMWY process 66,

which inplies a conpl ete RGB pixel nust be sharpened within 75 cycles. The
shar peni ng' process |T|4'3'e%é'§"%?ahi“§fm%'§ faricplas cagyergion 4 gener a ed channel

fromthe R _5.d3 n ered L back
mtotheR(FﬁX?%%ﬁn%s. st ank=Y Y2 n 3.2.6.2
on page 35. [The hilghpas$ fllter use j using a

3x3 conll utfdn kdrnel, [as shown in PPBurA@RBWGThe

| gh pass ilter S
cal cul ated over 1( cycl §s. The firs{ ADRelA®RI*dads the tenporary rlegi ster
140 with 8 tjges tjim Cefireb pi Xel” Vahor=(oRe 1cent er| pi xel shifted left by 3

bits). The n ii %u E>REBp{raC[ RBRE =BRIMeNg 8 I Xel ™ varl Ues, with a

o o

fl oor Of 0 T S |.| o3| T UbCUUI =y q‘ CUUII J_IF*It Lmb g adder .
Cycle 10 i nvoﬁl.ec t'He. -RG%EH- catlop 2D AQ'B ff':e -t fgu cr?r‘.stg..t 141. This

constant is the P2 RGHBHT | ADR =ADR+ 271 |

8 P1 R+1GB ADR = ADR + 1 P4=P110P2byB
9 P2 R+1GB+1 ADR = ADR + 16 P5=P310 P4 by G

20 10 P1 R+1G+1B ADR = ADR + 1 P3=P1toP2byB
11 P2 R+1G+1B+1
12 P4=P1toP2byB
13 P6=P3toP4byG
14 V=P5toP6by R

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 tables, and 4 registers are used for the output from the interpolation unit.
Note that the input to the linear interpolation unit is always a pair of 8-bit registers P1/P2, P3/P4, and
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10 representation of 1/9, but is a register to allow the anount to altered

by software Ly, 5 scale factor. The total anount is th@@wgqg@qo-;so the R
G and B val ues %ﬁ?th a ceiling of 255) and witten to Buffer 3 during

cycles 72, 73, and 74. Calculating/witing the sharpened RGB val ues during
the | ast 3 cycles of the 75 cycle set renoves the need for double
buffering in Buffer 3. The structure of the Sharpen unit can be seen in
Figure 51. The adder unit 142 connected to Buffer 2 115 is a subtractor
with a floor of 0. TMP 140 is 15 Ioadebsov'vith 8 x the first L val ue during
cycle O (of P&FS. Thinis donpcdsiiverpielytenegucy ragisippseipstion jogle. eyt M 4dacy PIIBRR1310I9e The
resul't i s nojheBLARSRGh findlytaBUIMEE TRLDEI RalticaNbdaRtentoftlecppropiatedocatiumiin Buffet e
10th cycle (CQycle %%P the 11 bit total in TMP 140 is nmultiplied by a scale
factor (typi 75?"?"9 lnﬁnc’fﬂ?t under software control so that the factor can

Do o usted) N bR BoThR o A ERlok o eRbsAE RS, Of 1 e

result are witten ractron I's truncate sothelimt from

the nmultiply unit | S %gg, %%gg's%t%%gsgg,%é?ﬁg e%u&aﬁt dgg,%nwﬁmen@%,gym

value written will scal e factor |s bi t
fraction, % trte theydni tgrmss mm@srbéﬁeénwr@mﬁés thep, Ginyagein 9B |the s % g QE%‘?S? can
take account élézﬂerakme fn tatptiatmrﬁa‘gmwammpa pird isfsbredirtsthamegentaci 280resitantond

scaling the @f I;:g,g)gexﬂ d%nom[ c%htme rnx%ﬂé? grgﬁa&‘ﬁ’z%mt‘: e%ﬁn@h%%e&%Y h&ig i on

wi |l produce”® shar pened val ues for red,
green, and blnuélmteedcrmbavﬂ%ﬂzsﬂiﬁalcﬂ'ﬁ”&% - 72, Q/cl e 73, and Cycle 74

and witten to the R G and B registers F %%r gfé‘@“?pt h%e

cycl e. The cal cul afheafdrepegenepleR T w Htm?ﬁ%'g‘é“’g ops, yirerdEy Sy e addi t| on

of TMP to Bufsihge adtiréss Bnd &corapudyiiy GrwSessiiutsids usgd ooritstieeack Eﬁt‘@f"eﬁ F‘)l@lb“ﬁe%

édd;ﬁz S BGene(r;rﬂ; bl,r% ER@@AnQS‘Brg @%lﬁ@é Ghe Mgg[eﬁté EIQcyEIQSIBHrgJ WillowdonldyBle B8, THé FrR {1§
C an respectiv i r

nmakes usehgf a%'/‘l’fﬁsd%/EF’P’E‘ﬁFedrP&t’u?‘%‘ygp i ri@fes al?#\ﬁ@m %ﬁﬁ%’l’ t’ﬂ‘%ﬂfsﬁé’éli’g Eﬂ

26) RO AU WO Qift05 ihdre¥oly Wit @RIbpidDNBe evefB Anblahceldns polsassThtordendf linps peipg “t"”ﬁe‘?)l umm

conponent (r q&,g 9%@25"! 3%—4’\4.661 ?E—E%Ic h6s e s 151260008 helaki€ olit@REhe reads (00280

3-bit value re nting R, G or B. The colum nunber starts
at 1 each lié*and Increnents (W|th wr appi ng) every 75 cycles. The order
of reading Buffer 2 is shown in Table 28. The C register is the 2-bit
col um conporféA oBuff#ig *Hidress. Al addition on Cis nodulo 4 (waps

wthin 2 bits). 5 Tabl e 28. Read Access during 75 C set
QICI e Address Updafuffes? gseepis theyoiduibfgm Itheées?_rip e'éreﬁewwa%pe(?g Ty @&%m% C

15 complete RGB and L pixe! is generated for a given pixel coordinate. The output from Buffer 2 115 goes
to the Sharpen process 85, which requires a 3 x 3 set of luminance values 135 centered on the pixe!

being sharpened.

Consequently, during the sharpening process 65, there is need for access to the 3 x 3 array
of luminance values, as well as the corresponding RGB value 136for the center luminance pixel. At the
same time, the next 3 luminance values and the corresponding RGB center value must be calculated
by the Resample-Createluminance process 112. The logical view of accesses to Buffer 2 115 is shown

20 in Figure 49.

The actual implementation of Buffer 2 115 is simply as a 4 x € (24 entry) 8-bit RAM, with the
addressing on read and write providing the effective shifting of values. A 2-bit column counter can be
incremented with wrapping to provide a cyclical buffer, which effectively implements the equivalent of
shifting the entire buffer's data by 1 column position. The fact that we don't require the fourth column of
RGB data is not relevant, and merely uses 3 byles at the saving of not having to implement complicated
shift and read/write logic. In a given cycle, the RAM can either be written to or read from. The read and

25 ] .
write processes have 75 cycles in which to complete in order to keep up with the printhead.
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5C L3CC+tl 106 C, L1 7C L28¢C, L3CC1 9-71 No access 72 C, R 73
C, G74 C vbairsdy 15 After Cycle 74, the C register hol @griafydgizsum
nunber for the next calculation set,t thus naking the fetch during the
next Cycle 0 valid. Sharpening can onIy begi n when there have been
sufficient L and RGB pixels witten to Buffer 2 (so that the highpass
filter is valid). The sharpen process nust therefore stall until the Buffer
2 wite process has advanced by 3 colgmms. 10.2.9 Buffer 1 114 20 Buffer |
hol ds t he )@y Ianced and range- expanded pixels at the original capture
spati al 0 ut|8ﬂ'° Each pixel is stored wwth 10 bits of color resol utlon

compareq 0 1% Gl B iy ) B BRI Sl o 43

pi xel . Buffer 1 1S Are ged a separa for
each col orswmmmmveawfwd info Bufiar 3 116, ﬂ"aﬁdifmh Yait @_&musthesumwlehecnmven ew of

t he buff erg oMy FHtteydbel whidhliGphbea Eompleld RGBixel MEst SQMaﬁﬁnéafwnKlﬁ 7§§a | | ng
sanp

entries are read fromeach of the 3 buffers 3 tinmes by the
process 112, andTHéF%hﬁrﬁenﬁ@ pmuuswab:m mgrfaasyrﬁnérfoen (d dendrited &am& ir&‘ﬁ ﬁ.e

e ATl O oy ST B Ch W e S AT e

PCT/ AUOQ 0Tiadie312 withig Seetien B2:62 op page 35t Thechighpase filten usedlis %'easp HmthQSh@ter windiang and

writing casaeesveiutiohkbme ds shdwhliFigué 500 Wi th one another. During the read
process, 4 pixels are read fromeach of 6 rows. If the scale factor is

very | arge (e. Q. Thethighpbessditetlis calgulated bver Rigyoles Mhechrst cydiecloms e téniakily Bgistel S can

be read rmuo'“mksnmég tn@%n&twemmé«ﬁq dohief ﬁ& T?h@a BRLy :Pt%j tl'l’\eC}th s%Jséﬁ&f;p' Ing).

Event ual | y howe
scaling uphe EP"??E‘E'H s PixglvaliygsyWith 9(8‘?% °frfh9"“ﬁéh°r %lﬂf?l H"é’&d%%ﬁ'irbé apqoEphshsd by sinx e|
gener at i onaddgrc [Cgcié¢ 110 anvolvdst the mulfiBication lof theakewdt )by cdnstanti 14d. BHis tdastart Gakhe
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4. not 3, cyclesofthe 75 cycle set removes the need for double buffering in Buffer 3.
The structure of the Sharpen unit can be seen in Figure 51.

The adder unit 142 connected to Buffer 2 115 is a subtractor with a floor of 0. TMP 140 is
loaded with 8 x the first L value during cycle 0 (of 75), and then the next 8 L values are subtracted from
it. The result is not signed, since the subtraction has a floor of 0.

15

During the 10th cycle (Cycle 9), the 11 bit total in TMP 140 is multiplied by a scale factor

(typically 1/9, but under software control so that the factor can be adjusted) and written back to TMP

140. Only 8 integer bits of the result are written to TMP (the fraction is truncated), so the limit from the

multiply unit is 255. If a scale factor of 1/9 is used, the maximum value written will be 226 (255 x 8 / 9).

20 The scale faclor 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).

The sharpened values for red, green, and blue are mlculatéd 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 simpiy the addition of TMP to Buffer 2's 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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(instead of unsharpened RGB pixels). 10.2.10.1 Resanpting

Sharpening can only begin when there have been sufficient L and RGB pixels wrilten fo
Buffer 2 (so that the highpass filter is valid). The sharpen process must therefore stall until the Buffer 2
write process has advanced by 3 columns.

10.2.9 Buffer

20

1114

Buffer 1 hoids the white-balanced and range-expanded pixels at the original capture spatial

resolution. Each pixel is stored with 10 bits of color resolution, compared to the image RAM image
storage color resolution of 8 bits per pixel.

Buffer 1 is arranged as 3 separately addressable buffers - one for each color plane of red
145, green 1486, and blue 147. A simple overview of the buffers is shown in Figure 52.

During the course of 75 cycles, 18 entries are read from each of the 3 buffers 3 times by the
Resampling process 112, and up to 29 new values are written to the 3 buffers {the exact number
depends on the scale factor and the current sub-pixe! position during resampling).
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10 The resanpling process can be seen as 3 sets of RGB generation, each of
whi ch nust weot/ensepl eted wthin 25 cycles (for a total mecrRueweladsed tinme
of 75 cycles). The process of generating a single R& value can in turn be
seen as 3 processes perfornmed In parallel: the calculation of R the
calculation of G and the calculation of B, all for a given nmedium

resol ution pixel coordinate. The theory for generating each of these

val ues can be found in Section 3.2.5, lggt the upshot is effectively runni ng

three imge reco %Hﬁeﬁ% %st e'&nﬂé %no-.gn%oqnatwthaﬁlh@'gn@xnﬂ{q %n

t he case of the orm i mage reconstructton 0| nts
requiring detsaravi Pﬁﬁ'ﬂr@t“F"nD‘E’!‘PS"‘E&WBPEW Ghoixels predpad from epdy %E@W& é"e scdle

coef fi ci entfactds isaedtge (€. gawdasb lsteging pcto Pamgedntic) e Sdme iSpullpikels’ €2 bb fdad)nultopte

Consequent | I | eved
runni ng an'x\les g.évjnﬁ'#ed?gheg ruc 'FBF eggrn‘% %ﬁkﬁa@aﬁgg"@ l?i‘ta@gosn"‘"}c{)s the
medi um r es d¢ayirgdo Jf wWe 35e pet| scplisg ae HP EWe thyynaw RireisgaY BenreRviag befre dimnaedt pixdl i on
filter on tgg,sé,ﬁo.d@ea,(, eNithirCRIclobk pties)yn of the medi umresolution B pixel is
achi evedsby running an image reconstruction filter on the B data. Al though
the kernels are $yékingtat it scale factorsidl Tigble tohad Table 1N Othe Worst S8 Horfsadling &Cte COl OF
pl ane. R aq,c%ss mg{o %fely to be the sane kernel due to their simlar imge
characteristhe he G plane, due to the rotation required for |nage 20
reconst ruct on, ﬁnssremeaa%ﬁ4Yaé4°é?ﬁtPa$§é‘P’?R§l1 562PpiedigAtipgthat &Jasptiops @abeFont he
process can be Smrbdluﬁh«ﬁswmues%smoﬁdd{m&r Gastrorlof §eri Sampias ordy IS .ever €
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given cdfor plan

avail able. To a glvgs {Tﬁgi tf'@sam&?e% H‘tr{,vﬁq rﬁvs} %ﬂ%l&&'ﬁray@le@%ﬁe %%P%ﬁfe‘ﬁi"
kernel (indexed 5§ RhRGRPxelsder eagh x positionfhe rnawmm%mammm'tbeéa @4253@ t hen
apply the | D ker xealsegs)ndexeent yadys one Barhpierowabdoletand belly. Tonsehuentyd3&E of W E
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I Xe

result is the out singl e coefficient each
cycle gives a @red@pd !'ee Rignep %vetaa* ‘{jé'ﬁé%'éf‘ﬁp%@ 048125 indicating that 4 leratiopes
and 4 cycles t o @eiBé adntairel Githin B 3bmglésK Bh atiditiond® sampl@ s raquired B wiitihg ABileCtli€ | €S.
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kernel @gefficients ar lon during the 4
st eps of each apﬂ?"feé%ﬁdl‘%ﬁs?ﬁp"’ﬁF%“?!“é‘r‘?@"ﬁ"?’%? (forstartupypmpsesy; 6 rowsaerequired); ¢ s
for the result (&&)wh?hu&ntehmﬁamm&msea@nmezamn be used when
convolving. in x and y. The final output or R, G or Bls 8 bits. The
heart of the resdaph subduffer iciowemened dmca BAMwith \decdading tlo (2B or write 8 Isingle 10-hit
Figure 54. slRfle Pér@fchsS Preub-bERAMR dulithalizaB  TablB ¥6) aH& Sondiinedess as 2ociites NOWN i N
Tabl e 30. Note that the Row 1, Pixel | etc. refers to the input from
Buffer 1 114, and |sTMnsmwfeosurhyawhe addr essi ng nechani sm (see

bel ow). 10 Tab[e 3Q; _The 20 Cycle_Resanpl e
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 43 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
25 RGB pixel value in medium resolution space by appropriate resampling the white-balanced and range-
expanded R, G, and B planar images, as described in Section 3.2.5 on page 28. In addition, the
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Cycle Kernel Apply Kernel to: Store Result In | X 1) Row 1. Pixel | INP 2
X[2] Row 1, Pi JMP 3 X[3] Row 1, Pixel 3 TMP 4 X(4j el
TMP, V1 5 X é(/)z\% 2, Pixel 1 TMP 6 X[2] Row 2, Pixel 2 T%WA%?/‘H’%&(( 3] Row
2, Pixel 3 TMP 8 X[4) Row 2, Pixel 4 TMP, V2 9 X(1) Row 3, Pixel 1 TMP 10
X(2) Row 3, Pixel 2 TMP 11 X[ 3] Row 3, Pixel 3 TMP 12 X[ 4] Row 3, Pixel 4
TWP, V3 13 X[1] Row 4, Pixel | TMP 14 X[ 2] Row 4, Pixel 2 TMP 20 15 X[ 3]
Row 4, Pixel 3 TMP 16 X[4J Row 4, Pixel 4 TMP. V4 17 Y[1J V1 TWP 18 Y[2]
V2 TMP 19 Y[3] V3 TMP 20 Y[4] V4 TWP (f&*-output) 10.2.10.2 Generation of
L 8 25 As deslgmingrnisd vilpesderdig given RGBS, mixel as well e ibe uppance veluggdor theypixaRapve gnd_

for the subsegtigthe RGH Pk RNt BOlgeREABERBuse WhERBSInaBénINg RRocdessE 1976 L* a* b*
col or space, where L is perceptually uniform To SUBSTI TUTE SHEET ( RULE

26) RO AU WO 0112054%9%%&1»&@%1 6iRg m@@ac\@myeﬁdsntw&mcmsm&ém:w
| um nance channﬁxﬁev\e ave ni oum

For oo, Bierdgy o iintyti o8 id gt R L AR LT URh o e e BonlS .

R G and B vaashwesug effmﬁfmmdqch RGE velldsddr 3 pixel kdortipates - the pixe) inlquestionT and thept aI
time for the genaiad biabek. vka@ssw@b@s&fs H8Es 7 ohn toiclieubtolE S BSdiun] Ris RoBBkAed he

total timeSof géaneratl n L pixel set 24 cycles, with 1 cycle to
spare (since ¥I¥&9sCoTaERYE Fﬁfs‘f Y§% conpleted within 25 cycles). The val ue

for L can thus besfel Wi t
Addr ess gener at i o n g%ti]esk ana h n%% R&Q v§ Itg gavg re%éﬂah& rgﬂﬁes%é} lnucg Yn%!ngry
and in any case. we have sufficient time o generate the RGB values. Buffer 4 117 contalns medium res

pixels, but cannot be used since it holds sharpened CMY pixels (instead of unsharpened RGB pixels).
10.2.10.1 Resampling

10 The resampling process can be seen as 3 sets of RGB generation, each of which must be
completed within 25 cycles (for a total maximum elapsed time of 75 cycles). The process of generating .
a single RGB value can in tum be seen as 3 processes performed in parallel: the caleulation of R, the
calculation of G, and the calculation of B, all for a given medium resolution pixel coordinate. The theory
for generating each of these values can be found in Section 3.2.5, but the upshot is effectively running
three image reconstruction filters, one on each channel of the image. In the case of the PCP, we
perform image reconstruction with 5 sample points, requiring 4 coefficients in the convolution kernel

35 {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. Calculation of the medium resolution G pixel is achieved by running
an image reconsiruction filter on the G data, and caleulation 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 kernel due to
their similar image characteristics, but the G piane, due to the rotation required for Image

op Feconstruction, must have a different kernel. The high level view of the process can be seen in Figure

53. Address generation is not shown.

The resampling process can only begin when there are enough pixels in Buffer? for the
current pixel ling being generated. This will be the case oncs 4 columns of data have been written to
each of the color planes in Buffer 1 114. The Resampling process 112 must stail until that time.

To calculate a given color plane's medium resclution pixel value, we have 25 cycles
available. To apply the kernel to the 4x4 sample area, we apply the 1D kemel! (indexed by x) on each of

25
the 4 rows of 4 input samples. We then apply the 1D kemel (indexed by y} on the resultant 4 pixel
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A single 8-bit conparator can produce 3 bits in 3 cycles, which can
subsequent iwo é20si5ed for 10 selecting the 2 inputs to tp@'r/ﬂﬂﬂ) 10732S shown

in Table 31. The division by 2 can sinply be incorporated e adder.
Tabl e 31. Selection of Mn and Max based on 3 conpari sons I\/INI\/AXR>G GB
RRB RBi |l xa RG101 GR01015GB011 BROOX BG10O

a. Don't care state Since the add nerely adds the mninumto the maxi num
val ue, the order S uni nport ant . Cons%guently of the 2 inputs to the
adder, i nput | Aa erﬁlce bet ween and while Input2 is a choice of
G and B. TH8 ”?soghec "P'§°sé‘ WWW&E@W'@’%@%}SWF&P diint eash cyclsrgives &r om
Tabl e 31. 2alb016Xydes 18 géndritecthe 4 Blamaedits wlues, and Buickee to gandkits thewhad Yikel L4 t he

Resanpl er |f§aq°t§,|°%R(§d§GB pi xel , and 3 lum nance (L) pixels centered
vertically on pi xel . The 3 L values can be witten to Buffer2, one

each 25 cycles. TR & ardgtoﬁéb@ionahyﬁbﬁﬁﬁelmtea&qogﬂ@&f%nﬂetm%r %Cl? 42 and

before cycl I nce the second pixe enera centy

whose RGB Jgrbl?e!'e 14 3is of gispisionrgingsthe # steps of gerh @prlication ofi tae kemek (8:6), mpm
col um  gorpeiobis fortaresit¢2) Thys thi isarhe @hvdive @ngineah beliked ifen'cdnvaRinnixlah@ N

to), and aMrﬁga,gﬁMlg”{%o&%s,ggB%fng LI, 25 L2, L3, R G or B. The colum

nunber starts at 0 each |ine I ncrements (with wapping) every 75

cycles (i.e. aft &he Ndaitbi théh e@v\% 2iBhd Edivdive S5, BHL.,F Rd4AU WO
01/ 20547 PCT/ A0O00/ 01073 0 1%°e 4 Address Generatag or Eiger nel Lookup

;I-Eg g‘:éhg? of Cahﬁwfwekdlﬂrekgﬁ’pllk@thérﬁlnv@@&@&ﬁleé Ss.&hﬁn ﬁme ?g#g&?g%g{-.?ﬁ% ta:] 64
entries in 1t8ﬁgg|r[|§ 1'%'§rs¥°nt§e %ﬁ%’ﬁ%ﬁi{,ﬁ 1%1 -804 ? E'B‘T"t?re °?P¥‘Uﬁe%"r°éﬂyg Bgchanisg

fracti onal (¥8RpP®Ment in the current kernel space are used to index into the

kernel coefficient I first 16 cycles, the X ordinate |Is used
to i ndesothe kﬁnﬂjﬁﬁg g""Pﬁ Fﬁ“é‘ gagmple cvclgs the Y ordinate is used.
Since the kern |c’1cﬁ <yrr'ﬁ§,tngi c, t@ﬁ,,ﬁﬂpﬁe,k@rrel §6}Fbl}il§uft'§'ed flor both X and
Y. For each of #te—t %].coa.. .ﬁ\ﬂ BLHSS ea—t+o—proeduece 3 pixels - the
pi xel in questf-or—3£ . 162 that pixel.
Rat her than ger?hr ate Zlglpn'r er Wéﬂ& t hed ™¥ove up and down from t hat
center pixel, vt generBle a pi)Raw nBBeldnd gqiMPate the two pixel s 161,

4 X[4] Row 1, Pixel 4 TMP, V1

5 X[1] Row 2, Pixel 1 TMP

6 X[2) Row 2, Pixel 2 TMP

15 7 X[3}) Row 2, Pixel 3 T™MP

8 X[4) Row 2, Pixel 4 TMP, V2

9 X[1) Row 3, Pixel 1 T™P

10 X[2) Row 3, Pixel 2 T™P

11 X(3] Row 3, Pixel 3 T™P

12 X[4) Row 3, Pixel 4 T™P, V3

13 X[1) Row 4, Pixe! 1 T™MP

14 X[2) Row 4, Pixel 2 T™P

20 15 X{3} Row 4, Pixel 3 T™MP

16 X[4) Row 4, Pixel 4 TMP, V4

17 Y[1) V1 TMP

18 Y[2) V2 T™MP

19 Y[3) v3 TMP

20 Y[4) V4 TMP (for output)

10.2.10.2 Generation of L 8-

25 As described in Section 3.2.6.1, we must convert 80 from RGB to L for the subsequent
sharpening process. We consider the CIE 1976 L*a*b* color space, where L is perceptually uniform. To
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162 below it. The second pixel 161 generated is taken to be the center

pi xel . V& thgpgiedsfn to the original row and generate tgBepnemkiess Pl Xel s
in the next output position. In this way, as shown in Figure 10 55, we
generate 3 pixels for each of the 1280 positions. Thus we have a current
position in kernel space. As we advance to the next pixel in Xor Yin
original input space, we add appropriate delta values to these kernel
coordi nates. Looking at Figure 56, we see the two cases for rotated and
unrotated i nput space. W consider the #8venent in X and Y as AX and AY,
with their vemvesdromdifBiel e kwpinannechapie]) We aYemoptie MINITHIN 308 masimun ° Ry & and Bof
nps (see Sechidmws. 2. 5). For the green channel AX = AY =1/2nps. 15 For
the red and blue channels, AX = |/ms and A ...9ee Table 9 and Table 11
for appropriate val ues of AXZ, an AN WA ICERSnlbm Bl y the AX and AY val ues
to movenent within the kernel. Cbnsequentl@' when we advance in X, we add
AX to X and subtract AY fromY. In the unrotated case, this nerely

subtracts O fromq, %hé?&% 3Pa gmwaadvmwuas % pewsm@m Andt Qahg?td AX

to Y. W can do this because novenent I n 90 de rees.

The address gisigerhe pBHimed "’E@F’f?@“‘?‘?fbﬁﬁf)es%%’sé%‘i’a&r fsrﬁ'b‘xﬁdréﬁt?’? medlet by
sof twar e, angeneRfhgtanRGBE lpiel SetRX cpried, Vil tdytidiorspse (ibe the prooase mesttbe icomplétddn
kernel space,, JE%c%ﬁQLeSS generation logic is shown in the follow ng
pseudocode: iel Y - StartKernel Y ColumKernel X - StartKernel X Do
NLi nes times (hommarvaﬂ@w;_% P bd ERRPWABR6R 1B @t © 115 RGRSBIh eyl WGkl =
Col umxernel X Kernel Y - ColumKernelY 25 Do 1280 tines GCeneratePi xel
SUBSTI TUTE SREEEFIHS eecrbes B8IeVAU WO 01120547 PCT/ AUCDI 01073 - 68 Kernei X =

e e e
Ker nel ? +ygDe belesiioa(thec fenvisiie the addsr) as shawip 5@‘@4&@? diisiR P& AR SIMPEEE tieAmeEtatel X +

Del t aX (nmovemesdaghdd X) Kernel ? = Col umKernel Y - DeltaY (nmovenent in X)
EndDo

Table 31. Selection of Min and Max based on 3 comparisons

MIN MAX R>G G>B R>B
R B 1 1 2
R 1¢] 1 0 1
G R 0 1 0
15 G B Aﬁ 0 1 1
B R 0 o X
B G 1 0 0
a. Don't care state
Since the add merely adds the minimum to the maximum value, the order is unimportant.
Consequently, of the 2 inputs to the adder, Input can be a choice between R and G, while Inpul2 is a
choice of G and B. The logic is a minimization of the appropriate bit patterns from Table 31.
20

10.2.10.3 Address Generation for Buffer 2

The cutput from the Resampler is a single RGB pixel, and 3 luminance {L.} pixels centered

vertically on the RGB pixel. The 3 L values can be written to Buffer2, one each 25 cycles. The R, G, and

B values must be written after cycle 45 and befora cycle 50, sinbe the second pixel generated is the

center pixel whose RGB values must be kept. The Buffer?2 address consists of a 2-bit column

component (representing which of the 4 columns is to be written to}, and a 3 bit value representing L1,

o5 L2, L3, R, G, or B. The column number starts at 0 each line, and increments {with wrapping) every 75
cycles {i.e. after writing out L3).
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Col umKer nel Y = Col umKernel ? + DeltaX (novenent in ?) Col umKernei X =
Col umKer nefy otr2degl t aY (nmovenent in Y) BndDo As shown i porhaapemedocode,
the generation of 3 pixels occurs 1280 tines. Associated with 10 the
generation of each pixel is 2 additions, which can be perforned during the
course of the GCeneratePixel 25 cycle task. Each GeneratePixel task is 25
cycles, consisting of 4 sets of 4 cycles indexing the kernel via Kerneix
(coefficients 0, 1, 2, 3), followed by64 cycl es indexing the kernel via

Kernel ? (cqeff ovved by 9 wait cycles. Note that all
val ues ar qu&éw @é]}"sﬁgs'f"r'%% "i,"c’)ﬁgatm"e upThe two carry outs fromthe
updating of the e ation
of Buffer | (seeTé P ﬁ?)dnﬁ%%%%ﬁ{%%%%gs g%te%% %so(f eeggéc M out

flags si npl32-5ondiage2te Eeghdemelis bfimensional, hfelhﬁapetn@m e ‘aB'P | Hét"l?§‘ sigp¥ficanthits
kernel wr apgasdatél) of ms fradiGnalBdniporeat inad wﬁ@ﬁt IkerhiI@Pace \We2Bd BOndeR tdBe Rérhdl €T

above | or esul v, arry out
bits are alcg%céegﬁt atje, H?Wé‘ﬂ%(%é t"[ g@o '?aér??éé dqg ln%( 'genksefngﬁwﬁ%ﬁq &? 3?’X4use
i n det er gi reYeiRy, WX opdirjatetis V%t?lsﬂnsaﬂ\elkﬁ'n@ss #VF'U\W'H@ samgemeiwlw@ed for X ess
Generat i on an@. Buffer 1 20 The Resanpler 112 reads from Bufferl 114, which
consists of 3 individually addressable buffers 145, 146 and 147 - one for

each col or pl ane.poFaseh ofthd {280 reGﬁﬁblﬁi vales, w @edda groliuce Mpixels Wih bikel iin duestioslur i ng

each cycle. f 75
cycles is HPE@%MB%% F?%\'%Pag andp ig(?ép’%a gxelﬁieag% rtg%\;g nE,-SéQ %%rg&g&%ﬁﬁwg
t he gener atmays upanddawn fromthat Ce“E&E‘FP' N Q??E'F"@ agpixel WN“B‘F 9%‘§'a‘f6"er vaage'r &
SUf fer 1hf Olsk Guvewl |t bﬁie%ecoﬁ&' pikeé? 16 \jenbrateo isaakeads be B fcéreer pikeli We\lv][ehtrétﬁm td e
uring t esg I I, 4
sets of 4 reggal grberagec thg‘ﬁex{ 5@%? JI En%%ﬁ%%@ p?l&t}oééﬁtsh% vEy.t f sgfﬁrlﬂh Fé:ﬁtkr or
each col'er 55i MDBMQQPSPJB@TWW%MS@R&E 26) RO AU WD 01/ 20547
PCT/ AUCQO 01073 -69 The address generation then, involves r\%gneratl n
addresses for cal Ut %R Favga fyrentppsiton injemel spacer A Weafxance)lo the i ippelin Xer s'?
generati ng diginal thdutepzesvefadd appedpdaré deflta vagues rethese semel cqordiretes.(Lbdingatighré§6. 9
WAl CYCT &R seo By dabilrh¥ordlsd il Bhrbtila ot el esses for the third pixel
(followed by 9 wait cycles). color plane has its own starting Bufferl

addr ess par anet enge eoé\s.dérhﬁa raova.ﬂ&n‘s inX ankOy aadxiaﬁﬁmsmuamr @Riee ageRdent 61 theach

of the 1280 SItIO n t [ NCeSs from
one |ine of? %3 arm‘ﬁ %leg'a'%gmﬁe{%fe ¢ Sﬁcﬁm ﬁd %’gtrhég a'ﬁ‘??f%m%%
Kernel Agdrkes ﬁ‘ew&qemamﬁhlétx 2 1/Epe3wtidY 5 OyPreatab °t9r@§ dalpe it for approprele ess
par amet er s.vailgs ot aAX@ndoa¥a een buffer 146 Address generation for the green
sub-buffer 146 within Buffer 1 114 is nore conplicated

We can now apply the AX and AY values to movement within the kernel. Consequently, when

we advance in X, we add AX to X and subtract AY from Y. in the unrotated case, this merely subtracts
0 from Y. Likewise, when we advance in Y, we add AY to X and AX to Y. We can do this because
movement in X and Y differs by 90 degrees.

The address generation for kemnel lookup assumes a starting position set by software, and

20 two deltas AX and AY with respect to movement in Y in kernel space. The address generation logic is

shown in the following pseudocode:

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

GeneratePixel
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than the red sub-buffer 145 and bl ue sub-buffer 147 for two main reasons:
the green chagnghedsgpPresents a checkerboard pattern in thg~Gh &mﬂ%ernate

| i nes consist of odd or even pixels only. To resanple the green channel,
we nust effectively rotate the chan- 10 nel by 45 degrees. there are twce
as many green pixels than red or blue pixels. Resanpling neans the reading
of nore sanples in the sane anount of tinme - there are still 16 sanples
read to generate each pixel in nediumrgs space but there is a higher

| i kel i hood of advanm ng the buff1 r %alé hg exact |ikelihood depends
on the scale factor T DR e aga{?%'e‘%eﬁh Bt of using a RAM as a
cyclical buffer is usé‘ﬂmﬁb“r t’qﬁ@ekj’reéﬁlta’l\"im‘t‘!ﬁ‘&ﬁh@ .'" The green sub-buffer is
a 78 entry RAM wi t h a cengaweadixar rangenment of 13 rows, each containing 6
entries. The rel ati onsfip;Petsesx R@Mtagq‘gﬁmn@g,dyj ogi cal position is shown
in Figure 57. The sanmples_in Buf:fY 11taxq "preseg} a checkerboard pattern
in the CFA. Consequentf§tY s&RBFES* PREBHA"TEWFT & addresses 0, 13, 26,

39, 52, 65) may repregermratgiigelor even pi xel s, dependl ng on the current
line within the entir aeiddBge codfidkerdezt hawlex (Aekrehhdn Xhage had been rot at ed
by 90 degrees or not .. This. icsiuhddessiy atmathak Nndob@t €0 8. Consequent |y, when
we map a 4x4 sanpling._area onto the buffer there are two possibilities 20
for the interpretati f*°f the sanpl es. a result there are two types of
addr essi ng, dependi r@l‘ﬁ‘ﬁxe%’érl“f@?‘“’“tﬂffé’”&ﬁr r ¥ FRENTE PePresent ed by odd or
even pixels. Thi s neabhsnkelaiz eRirorrmelii+ feltafagerenmptiatPon 0 will have the
sane addressing asgs@sld rows with i mage rotation 90 since they both hold odd
25 SUBSTI TUTE SHEEF—LRULE-26)-RO-ALU-98/0-0341-2054-+PEH-AUO-04673 - 70 pi xel s.
Li kew se, the odd rows with image rotation O will have the sane addressing
as even rows w th Asshageintieipatidomed® thegenadion bid\pbile béruls GRE) tigee Msgnciatel with The
deci sion % %Hrgmér%ﬁdof egchﬁm % §%am%9|mc’ﬁ2can%tﬁeﬁmnea dGkin wam FHRE

Rotation Current Line Pixels é? Even ng L| ne 8
Even Type 1 S&efyeRgefoSyFhdass- Eﬁe"f?ﬁép el t@sé ‘ﬁf’(fy‘iﬁsn‘? tipgef 4‘F‘§'ﬁ
The actual 4xdexygi keng! wid neounk [cosfidests\iay, 21a), Efidwed by ve?cgesmemehetmebuffer
by 45 degree§emeil;l]goe$§ ,%ewqq_,emrfg[o@gd we ciecessary for effective

resanpl i ng, descri Section 2 5. Assuming for the nmonment that we
only need to gener asz@mata%lvagés%mr@&m@fmmam smé%éa ou:downfﬁéup%d@@ew ng

by exami ni ng thteq(eandWele va!ues atfre out pﬁt tsc%'lrg)add genera on of EF‘ ﬁer% see ectggn 169%? on

page 71 below). These camy out flags simply indicate whether or not the particular ordinates for the
kemel wrapped during the mathematical operation. Wrapping can be either above 1 or below 0, but the
result is always positive.

The two carry out bits are also sent to the Rolate/WhiteBalance/RangeExpansion Unit for

use in determining the relative input lines from the image.
10.2.10.5 Addross Generation for Buffer 1

20 The Resampler 112 reads from Buffer! 114, which consists of 3 individually addressable

buffers 145, 148 and 147 - one for each color plane. Each buffer can either be read from or written to
during each cycle. 1 = MIN(R,G, B) + MAX(R, G, B)
2
The 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 8
cycles with no access. Buffer 1 is written to during these 8 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 kemel for each color plane.

25
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10 Although the two 4x4 sanpling types ook simlar, the* difference cones
from t he wayoioiv2os¥hi ch the 4x4 mapping is represented |npchiualadasy | mage.
Figure 60 illustrates the nmapping of the Type 1 4x4 sanpling to the green
sub-buffer. Only the top 7 rows and right-nost 4 colums are shown since
the 4x4 sanple area is contained wholly within this area. The mappi ng of
buffer pixels to sanple rows for the Type 2 sanpling process is very
simlar, and can be seen in Figure 61lggl5 In both Type I and Type 2

addr 251G OF 1 R0 Bl GBIk i bR BB oRkodREHERH B B Pl

Processing of Rows 1 ressin sane
speaki ng) #&allowedhy Byt gyples), W@W@dﬁffeﬁﬁ M@U@'ﬂg theigesand eixe! {inllowaddy B wait r ows

2 and 4 of cjgesfand finSlly ghRraiAgihe (6 drisses ®r the BN pikél Bllowed Sy TWARGHAE).Ng rows 1
and 3 of Type 2. We will call these row addressing nmethods "Type A 170 and

Typg B( 171, as sbsh\xg«or iauah'eéI BAY i& éwh stAdingeaufiert Sahmrmraameré. iAnhd 9lseth B 16+X4
wi ndow (W ndowst art r a.st rt vvecan
o410 (W AU A0 ey Lol ook WO SRVE G b,

(for trayeffeinege ineof 1280 sarenies t@fheﬂe)gém)wegrry ophleits fram ﬂreésemet fyidiress$ Gsnerajlempl e

val ue we adglit &8 uidite@idath tHese B! ddakebepatametits. i vE at the next sanple
position. The offset will depend on the type (AL B =0. 1). The offset

fromthe fauoeHhteGregl mitfesidéhe anount needed to arrive at the first sanple
point for the next line (and nust take account of the nunber of sanple
columms) . After @edressaenengfios fa thergreencsub-Hufon sl vibin Buifer 1s1idgs terevompliclighe A

and TypeB. :J;h%e'raﬁéu&bufm 14@%9@51@3@%&&%7&&%&%&%&&& a single set of 16
sanples is shown in the | ow ng g{?fgye%ocode on npdul o 78

e It
caters for *he c%qui?al"h%ﬁ?'f@ewﬁ Wﬁﬁtwgﬁa% Ah"f’ﬂ?ffe’ﬂ%’ @nsist of
W ndowst art Tyoe StBssévehldikils &h*EEEb"re(sﬂhJLEth&)amhmem Oast 2fEsUVEly REKS 1he 830101073
71 Do A0tines Fqg,lyygsaéages Fetch Adr Adr (Adr + Tabl e(TypeAB, N)) nod 78
EndFor TypeAB = NOT Typ€AB 5 EndDo. The Iooku tabl e consists of 8 entries
- 4 for Tyfe A 1¥gre %Wcamr BEnY-BiRsa Piels than 'a‘aefrbéeg'xaf Regamplingmeaps e irAdingrh e
of fsets are all wothert isanpldsin thie@aroel amamt of Simep kherepps stili 16 1sarfpiel rpad td gixleaate3 3.

O fset Values fOhachQieaibdunt Wb bues, blartnd 8 hightr ikbMiRBAEF dvarbithd buftelbadit

time. The exact likelihood depends on the scale factor used.

However, the same concept of using a RAM as a cyclical buffer is used for the green

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

containing 6 entries. The refationship 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 58.

Consequently, when we map a 4x4 sampling area onto the buffer, there are two possibilities
20 for the interpretation of the samples. As a result there are two types of addressing, dependinb 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

25
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10011 0214 0337 101 1114 121 1337 15 At the end of the
16 reads, theghypseskit will be the same as the original vape@addeRagsed from
W ndowst artType) Readl ng a single set of 16 sanples is not enough. Three
sets of 16 sanples nust be read (representing 3 different positions inY
in unrotated input space). At the end of the first and second set of 16
sanpl es, the kernel positions are updated by the kernel address generator.
The carry bits from this update are used, to set the wi ndow for the next
set of 16 sarrpl es. The two carry bits index into a table containin

of fset and a Ri¥¢ Likgyisggthe W%Y‘@@aﬁe@%‘%@&"”@ﬁveﬂ%ﬁmﬁﬁ THsPa s Kxap o %iﬁ’ﬂht he
flag i s 20 usmtgt otatket Sorshicetbeytotithhid pved pixeiaiThé @dshn&mﬁmwmmbwwpe. The
values for the table are shown in Table 34. Table 34. Updating

W ndowSt art Adr and Wnd’eb&@ﬁ%@ﬁ;’ﬁeﬂk@ﬂbﬂ%ﬂ%r nel Y CarryQut CarryQut
Ofset” Type 00 chanp %Jnvert 25 ;&“0 14 Fnver 1 1i2 No
change SUBSTI TUTE|S i ?‘"‘9& MO0 crLaucfhiozs .72 At
the end of the thifd sé of 16E\'§'a el'o} the <ern9ddoos ti oh8%4re updated to
conpensate for adyancenment|inCadline unrot&t edl i nfwh space.Typlalis tine, a
different rbtion di €ChON |'S Bepdrced, SO a di gdegtr enf of fypet/ TypeAB

nodi fying table isfuse o A Ld&&{lmed(] I'Hé:‘be 0”?9%&5 T TTH e T T ENt
wi ndowst art Adr val de—beecadse—thrat—represents—a—postt+omtwo—rovehents In Y

away from where we vvan ua!t404§=%n$5n]i %@wwg ee@a{m}g Wé ¥ y'@%ggrees

w ndowst art Adr and rom an er set o ari a

TopSt art Adr afee %sﬁﬁafptami'ﬂ@‘qc@ﬁ?’é@%‘ﬂ@w?%’"ﬁ ?%‘Ees‘é'ﬁ‘fdr‘?/s‘?"f‘f’"ﬁ?es curr ent
line 5 of 1280. The two carry out flags fromthe Kernel addr ener
are used to | ookup *sssmiag fpsihe moment gt W iy npgdde ByeRis se"a'Eé?iame gﬁ@fdﬁ €7B\dr
and whet her obuff@pdddiegsirigty examingisttey tipks pbixd Sanpied windows edrbown imBiidire 5D | s
nodul o 78 g he size of the green RAM. The results are copied to

W ndowst art . Adr andAtthdiighdosiioai-¢ Fgrppiing pesuenl similar S alffgreneegrompeirore she vaiy det s

of 16 sanpl es yndifdh 9xSRappldl LrehrBBntd® B Piinddimagd) FighR D HRSHaY B3 mapping of the

Type 1 4x4 sampling to the green sub-buffer. Only the top 7 rows and right-most 4 columns are shown

since the 4x4 sample area is contained wholly within this area.

The mapping of buffer pixels to sample rows for the Type 2 sampling process is very similar,

ang can be seen in Figure 81.

15 In both Type 1 and Type 2 addressing of the 16 samples there are two ways of processing a

row. Processing of Rows 1 and 3 of Type 1 addressing is the same (relatively speaking) as processing
rows 2 and 3 of Type 2. Likewise, processing rows 2 and 4 of Type 1 Is the same {relatively speaking)
as processing rows 1 and 3 of Type 2. We will call these row addressing methods Type A 170 and Type
B 171, as shown in Figure 62.

Given a starting position for the 4x4 window (windowStartadr) and a starting type
(WindowStartType), we can generale the addresses for the 16 samples by means of an 8 entry table
{for fraversing the two sets of 4 samples). When we read the first sample value we add an offset from
the table to arrive at the next sample position. The offset will depend on the type (A, B = 0, 1). The
offset from the fourth sample 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
swap between TypeA and TypeB. The logic for generating the addresses for a single set of 18 samples
is shown in the following pseudocode. The addition modulo 78 caters for the cyclical buffer.

20

25 Adr = WindowStartadr
TypedB = WindowStartTyve
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Kernel X Kernel Y CarryQut CarryQut Offset™ Type 10 0 0 O No change 0 1 12
Invert 1 Wokdndsgvert 1 1 13 No change After processi noedidndgfnags sets of 3
sets of 16 sanples, the next line of 1280 begins. However the address of
the first sanple for position O within the next |ine nust be determ ned.
Since the sanples are always |oaded into the correct places in Buffer 1,
we can always start fromexactly the 15 sane position in Bufferl (i.e
Topstart Adr can be |oaded froma constait PositionoAdr). However, we nust
worry abouf whi cgoty NG are dealing with, since the type depends on how
much we advance Consequently we have an Initial PositionoType which nust
be updated dependi Y % "tﬁ‘é‘ carry out flags fromthe kernel address
generator. Since we Estéh Mving in unrotated Y input- space, the 1ogic used
is the sane as for upgal kg WMrdAempdeas iy Res 7&&xcept that It |s perfornmed on
Poai ti onoType i nst oc 1Ne new val ue for PositionoType is copied into
Topstart Type, and ndowstart Adr to begin sanpling of the first position
of the new |ine. 28t~ mp¥a*MYy process for a given 1280 position |ine
cannot bggin untEpddbhere are enough entries in Buffer 1, placed there by

t he Rot at elmltemncﬁmg?ﬁxpanmm—r—‘ﬁm-s—vm-l—mm 128 cycles

after the start of each new line (see Section 10.2.11 2.10.7 Red and
Bl ue buffers Buf {18plopkug tablegonsists.of@ erties - 4 forTyps 4 179 ged 4 ybﬁﬁf@radiﬁﬁs"gfeé

sinply 2 RAj¥beratin6.crss 6fkel are all yetdtivecta khelaufdnesamplelpasition ipiaf er i s 30 bytes, but
has a | ogi cal arrangenent of 6 rows, each containing 6 25 entries. The
rel ati onshi p bet weenTéaA3aQthet Valuesfor 163pmple Adgress Geepiatios shown in Figure
63. SUBSTI TUTE SHEET E 20) Al V\D&}/@OSM PCT/ A1100101073 -73 For
red and bl ue, the fiP%eABs | t o e fead lre al wvays the top 4x4
entries. The remai%hing two|@olumd ¥ sanples| are not accessed by the
readi ng@l gorithmjg® this sfidge. THhe! address generation for these first 16
sanples is sinply jostarting2positijod (in this| case 0) followed by 16
steps of addition PUUIo 361335 SNqwy 1h The Tlol | owi ng pseudocode: ADR =
Start ADR Do 4 tines—Bo#4tiges AR+~ ADR—+6-MOD 36 End Do ADR = ADR + 13
MOD 36 End Do _

1 1 14
1 2 1
1 3 37
15 At the end of the 16 reads, the Typean bit will be the same as the original value (loaded from
WindowStartType).

Reading a single set of 16 samples is not enough. Three sets of 16 samples must be read

(representing 3 different positions in Y in unrotated input space). At the end of the first and second set

of 16 samples, the kemel 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

20 used to determine whether or not to invert WindowStartType. The values for the table are shown in

Table 34.
Table 34. Updating WindowStartAdr and WindowStartType
KernalX KernelY
CarmryOut CarryOut Offset’ Type
0 0 0 No change
0 1 | 1 Invert
- 1 0 14 Invert
1 1 ” 2 No change
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10 However, this address generation nmechanismis different fromthe green
channel . Rat hgfggilhe® design two addressing nmechani sns, le to
apply the green adzgﬁesm ng schene to the red and blue charﬁgrgfﬁa&ﬁ‘ﬁbﬁ si mply

use different values in the tables.

only difference then,

nodul o 78. This can be

becomes the addition nodul o 36,
by a sinple multiplexor.

catered

for

Thi s reduces design conplexity. The

i nstead of addition

Looki ng at the

vari ous address generation tables for green, and considering them as

appl i ed
Type,

to red andApljnéj
since both the re

ol‘ ﬁne h1§d 5’49935 sztplés

do not

need

hﬁé kemegrogndn§ ar@‘&péa@éa% éeﬁnB&{%Lte tpr a

channel

rotated 45 dedfeeemeddn Fﬁh‘f“rﬁﬂﬂe%’%‘ %F%IWS F’Bﬁ@r@gﬁ%mef*&‘?bg'%“%pm‘{"ﬁ%’ so a
red/ bl ue equi \aabremt oredec/FaRRhe nBdifying tawen is BsedaBeccalit dddshedswoffett & Hé current

i dentical 4 EY;I;EI‘I
Gener ation (Re

apyeRs

o L o o e

116 126 wgntao Jstartﬁm vtheme@fr Eensepaply é@s‘oigie‘ﬁe#oaﬁqaaﬂdr i fedesteR e from
bef ore advancizRgned: Skt Bhﬁndﬁ%%f t'roﬁﬁixft)(dr%f\d Tob8d3Osaat; Gdprasaingnelfirktleniy ih the hﬂrehﬂmﬂo

scal ing betyvee
space. There i

123}) Sﬁ\% 25y 8{&% o Stggl Rgmé ggdrégg \é%{@eﬁ% ale%&é"? !ﬁ%\% 'i'a%gg;% ao to

Ker nei x (see letemgle Mﬁ%gsadgém&m&taﬁ@h avmwfséet ¢ At 12 fvert TepStarthype. pagelogdie - As

a result,

case of 00,

t he Ja@HohYs Abkhiol78
26) RO AU WO 01/ 20547 PCT,

only possi bl e *S¥RBFFERER

i

0 Rl Pt
the green s,gggtagq;}d;tg,gﬁgpm]ggngmpgtahwa W ndowSt art Adr or

Qge cﬁttss

rneyva

T

es of 00 or

01.

%2 Brahe(greén RAM)ETHRITesut RS Eopldd e w Skiklsda - (AR lahd
Qking at Table 34.

t he

in the

W ndowsSt art Type, so trhi-s—i-s—eotrFect—for 3 case of
01, we want to add | jt o KémdOWSt artimlmel\’an don't cafe about

W ndowSt art Type. The |gr SeRYQsl uds CaRYPier bt o058 saf el y VRd red and
bl ue. The Mrst caseé is a@ivancement by | lin ad®lressiborhengd nes, fesulting
in an overl appi ng worist case as j[showmin i gure 65. |hwét the endj of the
third set of 16 sanplies,—TppstarntAdr @nd npstaqmtType,;mt bé updat ed.
Since we are novi ng ifX—and—agqdrngY=0OTo Kepmet?]y Farry ut from
Kernel ? w Il always ke—0- F'”m +edlibl-ve—egiivat-ent—e Q'E%ﬁge 35~+3' shown
here in Table 37. e that.ther s ..ng S

i mportant for Red y%eélp{?gessmgm &86 sets of .Js_ XRE of % gémdles {hg%gxt is;l_é' 91612'85 bQé?r‘s

However the address of the first sample for position O within the next line must be determined. Since

the samples are always loaded into the correct places in Buffer 1, we can always start from exactly the
15 same position in Buffer! (l.e. Topstartadr can be lpaded from a constant rositionoadr). However,
we must worry about which type we are dealing with, since the type depends on how much we
advanced. Consequently we have an inltial PositionoType which must be updated depending on the
carry out flags from the kemel address generator. Since we are moving in unrotated Y input space, the
logic used is the same as for updating windowStartType, except that it s performed on
Position0Type instead. The new value for PositionoType is copied into TopsStartrType, and

windowStartadr to begin sampling of the first position of the new line.

20 The sampling process for 2 given 1280 position iine 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 Blue huffers

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 § rows, each containing 6

25 entries. The relationship between RAM address and logical position is shown in Figure 83,
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Tabl e 37. Updating TopStart Adr and TopStart Type (Red/ Bl ue) Kernei X Ker nel Y
10 CarryouvoGapdsyput Ofifset” 000 01- 106 11 The !{‘%ﬁﬁﬁ

advancing fromone line of 1280 sets of 3 pixels to the next I's t'he sane as
for green. The PositionoAdr will be the sane for the first set of 16
sanples for a given line 15 (PositionoAdr = 0 for red and blue), and Type
is irrelevant. Generation of the next |line cannot begin until there are
enough sanples in Bufferl. Red and bl ug generation rrust start at the sane

time as green ne n until cles after the start
of a new line (g%é %ﬁ do@‘ﬁe %%qqg)samp'i%{bbel?ﬁ% XW'P% 4t ealiipse Thend
Range Expafempining tworolfimas of sanpiss atmtecgéssmm?cﬁofalgeﬂﬁm athis §tsgem t he | mage
RAM 11 invol ves the steps of rotation, white balance, and range expansion
111, as descri be'ﬂ‘ewdfmhwomft)ﬂh@e&nwGS@mbl'es)la siBpiY a dtartiiigwosiiondil tsis caseiel  be
produced f eiowBiby 1 sepk aFdddMMEAN0 56as SR In tSfIdw E&w &AMl i ng process
112. This nmeans 20 that duri ng a si ngI e group of % C es, this unit nust
be able to read, gr OCESS,. anmd store6—redptxets—6—btte—pi xel s, and 13
green pigxel s. THE® SptTERRE rotation step Is undertaken by reading pixels in
the appropri ateDer‘dE%f“‘”Owce a given pixel has been read fromthe
appropriate planepbns times i mage store, it nust be white bal anced and its
val ue adj usted accongi 0ok Q d fiéd seange expansion cal cul ation defined in
Section 3.2.4. The rocess sinply involves a single subtraction (floor 0),
and a nultiply (2§ C&ili ng), both against color specific 25 constants.
The structure of ®PR s ARRi*t 1% ¥Ps¥own in Fi gure 66. SUBSTI TUTE SHEET (RULE
26) RO AU WO 01/ 20643 PCTI AUOCO' 01073 -75 The red, green and bl ue | ow

t hreshol ds 72, tUgeﬂTmﬂm-th—rhe—red—mT——awd—b-H:e—se-a-l—e factors 173
are determ ned by the CPU 10 after generating the histogranms for each col or
pl ane WPa the |MRNGeerHhiseddpsaraenamtion grecinpiem Sedifftrent frgy the[yserordlianngl. Batheshet her

t he curr entharaiexign twb @iidiessing MEdhSH<E, it i8 pdsaible S 4pRly ltﬁ%rebﬁad’d%dsmm to QE regI ue,
the appr Opgdd%hg clll Wel% Qﬁfﬁmat&e%ﬁgreﬁgalhggﬁ a‘%tta%es This Tkt uoes génecioronp@

subtract unit put Wi

appr opr i at?é‘yc%qefﬁ“%f“a%é’em‘f‘%ﬁﬁ@f‘"@ madylo 38y EF‘P%R:Q" addion "1°F2'° s?ﬁbmsa@!@et he

8- bit | ow chlereisirdy d smpleweitiplexwmn t he 8-bit | mage RAM pi xel value, and has a
floor of 0. The 8-bit result is passed on to the specialized 8 x 8 multiply
uni t-, whi ch multiopking at theiviripuBaddiess geatration tables foe gi@erl) biid consideting thenh ﬁB’apﬁﬁdbi ts

of fracti opredahé B iri a'l;)pare@i{a}’tn&r@?s JoQQunrQnJ?ﬁ foPa Hpe, s%ﬁb&tﬁfh 'réd Iﬁgrre‘f: 4’ hand

repr esegt fraction.
a Pes uleltg %’5"*% 8 "8* "923 3‘9 g% 'Eﬁ’iﬂai“*l(3 43 rf{)?grﬁ?st %ﬂ iTah WP cehsafelysfore "\ﬁJtXP%I"% ®epeen
set as a rredfblve eqyivalentof Table 83, shown in TebledAthias bvoBets of identical 4 entries.

Table 36. Offset Values for 16-Sample Address Generation (Red/Blue)

TypeAB N Offset
o (1] 6
0 1 6
0 2 6
20 0 3 13
1 0 6
1 1 6
1 2 6
1 3 13

As with green address generation, we move twice in Y before advancing to the next entry of

1280. For red and blue there is no scaling between movement in kernel space and movement in the

25 input space. There is also no rotation. As we move in Y, the AY of 0 is added to Kernelx (see kernel
address generation in Section 10.2.10.4 on page 69). As a result, the camry out from Kerne1x will never
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bit integer result is set tols, and the fractional part set to 0. 10 Apart

fromthe subtwaeiseesy unit 172 and nmultiply unit 174, the n/blm?f wor k
in this unit is perfornmed by the Address Generator 175, vvhicL f)s

effectively the state machine for the unit. The address generation is
governed by two factors: on a given cycle, only one access can be nade to
the Imge RAM 11, and on a given cycle, only one access can be nade to
Buffer 1 114. O the 75 available cycleqg. 3 sets of 16 cycles are used for

readi ng Buff e | | 2. es ' r.eads
fol | owed by 5 s Lpdd gfggsb}g%,ggts@, Podebiededfibitefle gi‘?c%%ﬂe’a’o%‘g%%’?}g’smﬁar 25
wites (6 redhe®@sanf (e the apeq saigien 's nopiaggea gither WindowSigstAdren WindewHard vnes eo this
satisfied if iddsRed forfetd gndtiustaie. INhi t86 ot 0, Wiir® ol ad€ O o WihddRSMHADR and Sonlt Be Wai t

cycles of the R ler..112.. 10 2. 11 1 Address, Ceperatjon for Bufferl Once
the resanpli ﬁﬁﬁﬁﬁ'gg%sgaﬁ@pef g ,V‘]ﬂ\lf\% | e’gf?feybecsg%f)eulsﬁdefgr ’ﬁé ) t@ﬁi her’(ﬁ"stto
Buf f ers duri rsgse it drvansemnsrb by WinapdressdolRdimagpisuitinglin an pvsriapoing werstdbsepsishomin t .
Since the ResgpRlggr has 3 sets of 16 reads each 75 cycle period, there are
27 cycles available for witing. Wien the resanpler is not running, we

want to |oad up Buhfifg énd@Sthé hid sebst 1985 pleb 18pstith & bnBBRABG r &y rhilstheluBddRidl f er s
114 each cycle. Address zoﬁga%g%{! At iA?(Qo ,Of Bufferl con equentlx{i“%&gs off a
S

state machi né thAT T ake § Y5 B dematd IO P oM (rasta YU AYaY PR %e 1 s
| oaded from IThegéPegvaivalent pidablel3qisshonn hexg ip dalieSiNete thatthereds admgpenolymaysineat e
col or in Bufif®nd nobimPortlibraRebiatmfe. Address Generation for Bufferl therefore
I nvol ves a single address counter for each of the red, blue and green

sub- buffers. The i nitiTable3@dipdating TopStivtAdiAdnd TdpStaetirke (RewBl@) eenAdr is 0 at
the start of each life Tn egaﬁcn gase ggg af&er each wite to Bufferl, the
address Increnents by{1, wrappié‘gsiZ 36 or . dependi ng on whet her
the buffef®being wit ‘“%é iase grcent of '"Iug?é.tbt al | colors are 25
witten each 75-cycle Heriod A {8l um of gt 20 i ll typically require

repl eni shing at twice{fhe rate off'fred or bllie. for exahple. SUBSTI TUTE
SHEET (RULE 26) RO AU YWD 01/ 20547 |PCT/ AUf) 010{1673 .76 .The logic is shown
in the follow ng pseudecode: It {tthe color tp-wite 1s Red Wite to Red
Buffers at RedAdr RedAdr—="RedAdr—+ T~ nod 36 "Efse If~the color to wite

is Blue Wite to $heffocBislof ffvsncil rddh SHRARH of 1580WEE0H3 pixeBloliR Nkt isthelsahR ds BF
Else if the %Pelerg) rmgopoﬂtlign%ﬂrswi&a’b%eﬂe \slzvanlwet ?orttge %s?es& éufsf garnlpleg'tfcrea egﬁsgr'xa\ ﬁixrrie

{Positionoadr = O for red and blue}, and Type is irelevant. Generation of the next line cannot begin

186
until there are enough samples in Bufferl. Red and blue generation must start at the same time as

green generation, so cannot begin until 128 cycles after the start of a new line {see Section 10.2.11).
10.2.11 Rotate, White Balance and Range Expansion 111

The actual task of loading Buffert 114 from the image RAM 11 involves the steps of rotation,
white balance, and range expansion 111, as described by Section 3.2.3 and Section 3.2.4. The pixels
must be produced for Buffer! fast enough for their use by the Resampling process 112. This means

20 hat during a single group of 75 cycles, this unit must be able to read, process, and store 6 red pixels, 6

blue pixels, and 13 green pixels.

The optional rotation step is undertaken by reading pixels in the appropriate order. Once a
given pixel has been read from the appropriate plane in the image store, it must be white balanced and
its value adjusted according to the range expansion calculation defined in Section 3.2.4. The process
simply involves a single subtraction (floor 0), and a multiply (255 ceiling), both against color specific

25 constants. The structure of this unit is shown in Figure 86.
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G eenAdr s G eenAdr + | nod 78 Endif 10 10.2.11.2 Address Generation for
I mrage RAM Baméu/pbsaane can be read in one of two orientatipomavevodsrat ed by O
or 90 degrees (anti- clockwise). This translates effectively as roww se or
colum-w se read access to the planar imge. In addition, we allow edge
pi xel replication or constant color for reads outside i mage bounds, as well
as imge wapping for such print formats as Passport 31. 15 At the start
of each print line We nmust read the | npgeRAM 11 to | oad up Bufferl 114 as

Rosampl; g can onTs 0. GeBiul @i |l viehbiad s RGN e QR Indif Lol ! o
col uims of feptorss! 73&F&P°?3“’§%{‘r?§ I”E§P U 19after gepgrating e higtegrapg for each colsipiage viathext r a

cycle for tiggeHisikanvdiit8dseeGedtion 9 i tten out to Bufferl 114 after being
| oaded from |mgeRAM 11. To make the counting easier, we round up to 128

cycles. After theepéndmpodwiktreyhé asrentipixel being plsteagediniiie gigeting i@, gre@ARAblud, o

| 0ad the Nyl ek @b lof hrosRHTAL Eoud lor IR Rled iEnSBPLRL G g BRI

cycl es, proprirate sa uring t
cycl es. wmpufWWEOMQWWP@ﬁ@PW"GF"W her to | oad during the fi rst
set of 75 cycles is always for each color. This enables the final 6th

col utm of each cdhe ?”W’E‘HPW R gbtracts the BHit jgw Threphold yaluejom te,8-hib image RAM pikel 75
cycl e peri ogie, téae hd$ed ool afaTHeBabit reduit appassetionaathia speoiakzed B b @Bmaultiply unit avhichv/e el

Addr ess Ges,gla@ gﬁmﬁaﬁi‘gmggg éa.e]f;&mém&fbesém h@ éie;) mmstorfmmeofnext

col um of Simlarl é’ dvancel se restarts
t he process‘“?)"ﬁs‘ﬂtﬁ@ kegj 3N gPrRgeNt B RS of fntqaprand 2 Pﬁ?—flﬁm FWU'E'“H"?"& 4 fas agequit o5
Si nce each ceilimpa 255c$d itanly bmﬁnprtbsmnmma have beéh sebamcgesuld offihd rhultiplycibé entire 8- n

Bufferl, weotlf,ﬁggg Bsun i3 b 1N SndWRShdclichd) daRt s@tigl@r to advance to the next
"read' . W é I'so { up a coordrl‘ nat e \;al udea tso all ow the SUBSTI TUTE SHEET

( RULE 26? RO tAU V@p@&#&@ﬁé%uﬁg(oﬁ\mpﬂ?@:bﬂt?%ultlpliamtgwfﬁfe&?d]&i@ Ao m@tmheunds
coor dl nat es 0O en e col.or e
o e CcheliPmed BY Ine Abars Bercior 78 it el e EHlp o ot PR g, TR

bounds, wi taﬁdr@aqemrﬁwa@tgomdtbntwolfa,ctqraloen giveresyciecoly dhrecess can ke madedo die t he
active ar eamaaa'l@\lvﬁﬂoérﬁloﬂ%bﬁ& @aa oflly bidccde cﬁ%maee to Iaerfer i IRQEf thé TsdvalRblb he

: rnmlgzlegu(r)re a«%tlgsrya ge e?fl1gﬂc8c§e’s af,? used flgr r¢é=at:e n&%fﬂa’e h‘u %al% \?e psa:%,(seeflg1 fgg_ hlcfses wsth shown
exagger at edi6ireads foflawed by9 WPitﬁYéb‘St Pi'aat 9's¢5rPd@a'wé27iﬁé"aP’e CYGE)? fo5 35 wiites @f@r L b"eﬂf

coor di nat e gpédny. Jhis MBans MY coRstramiBtrd\GatidfiedBthe Brhiflg &¥ltfRGvriRtis XEBuffeM @oihdide&vith
counts. 4kovpve {“,%&és ﬁeag%mﬁ"?eneratlon I's run fromkernel carry outs and

AdvancelLi ne pu rom t hese outer bounds are not required.

Addr ess genga1i1ORddréds Generatidi¥osBUieky continues until the Advanceli ne pul se
I's received, and may invol ve edge replication, constant colors for out of

bounds, or inmage GHeX Rk resbrAdRd ftekess is running, we are only concerned with writing to Buffer1 during
the period when the Resampler 112 is not reading from it. Since the Resampier has 3 sets of 16 reads

each 75 cycle period, there are 27 cycles available for writing. When the resampler is not running, we

want to load up Buffer1 as fast as possible, which means a write to Buffert 114 each cycle. Address

20 Generation for Buffer1 consequently runs off a state machine that takes these two cases into account.

Whenever a value is loaded from imageRAM 11, the adjusted value'is written to the appropriate colfor 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

25 wiritten each 75-cycle period. A column of green will typically require replenishing at twice the rate of red
or blue, for example. .
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If we have an address, Aar, of the current sanple, and want to nove to the

next sanple, HBhdfher on the next line or on the sane |ipgy tilinganpl e’ s
coordinate w || cﬁange as expected, but the way in which tﬁg addr ess

changes depends on whether we are wrapping around the active inmage, and
must produce edge pixel replication when needed. When there is no w appi ng
of the image (i.e. all print formats except Passport 31), we performthe
actions in Table 38 as we advance in Iiner or pixel. To rotate an i mage by
90 degrees, the CPU 10 sinply swaps the Bine and APi xel val ues. 15 Looki ng
at Tabl e 38, the onfhplegaieshowyin AfHOWRAASEISCHIE by APi xel when Pi xel Sense is
0, and by ALine when_LineSense is 0. By follow.ng these sinple rules Adr
will be valid for edgfeRicXs o &l {Ldai on. O course, If a constant col or
is desired for out of n i that value can be selected in

i nstead of the val ue '8 %lrjté’g’agt%{t%rﬁgl %ake?g%rri ate address. 20 25 SUBSTI TUTE
SHEET (RULE 26) RO AU ™A =0Fep¥54y ™ AUOCO' 01073 78 .To al |l ow wrappi ng,
we sinply conpare t#iee previ ous sense (-,0,+) for Line and Pixel with the
Tabl e 38. Actions t@ fRerdakneowher Adwmaaci ng in Pixel or Line Linea Pixelb
Pi xel Changde Line Chg'@g:% . ?fl busrFe A iulRLXxel 5 0 Adr = Adr +ALine 0 O
Adr = Adr + APi xei Adr Rdr _+ALi ne + Adr = Adr +ALlne + 0 Adr = Adr +
APi xel + + a. W comPare®®t AEENTT eAt™Li*he ordinate with ActiveStartt.ine
and ActiveEndUne. H##feline < ActiveStartLine, we call the value =. 10 If
ActiveStartLine 5 Litnge<cAstdowebrdidngeene call the value '0'. |If
ActiveEndLine s |ineu R Gadrhed f@ret@lati@rictaar b. V& conpare the current

Pi xel ordinate with %ggi St grregPi xel, fw!d.,GActi veEndPi xel . i f Pixel <
ActiveStartPixel, we call thé value =. If ActiveStartPixel S Line <

Acii veEndPi xel , we ®%1¥ the value V. if ActiveEndPixel 5 Pixel, we Call

t he Value f4-*. new Sense. VHen the sense Is - we use the advancenent as

described in T(f?h% %ﬁdre?s%%\‘é{%ﬁght%pﬁz&a@mnate beconmes out of bounds (i.e.
0 +), we update the

nmoving fromO r-wth a new value not based on a

del ta. Assuming we KealyhbGasbdfeha AR Sud HentddRs C HidieNy 6 bNGd 3ol fnu e

can advance to _ ) ]
clockwise). This transiates effectively as row-wise or column-wise read access o the planar image. In

addition, we allow edge pixel replication or constant coler for reads outside image bounds, as well as
image wrapping for such print formats as Passport 31.

At the start of each print line we must read the imageRAM 11 to load up Buffer! 114 as fast
as possible. This equates to a single access to a sample each cycle. Resampling can only occur once

18

5 colurnns have been loaded, which means 5 columns of 8, 6, and 13 samples, for a total of 125 cycles.
Plus an extra cycle for the final value to be written out to Buffer! 114 after being loaded from
imageRAM 11. To make the counting easler, we round up to 128 cycles.

After the first 128 cycles, the checking for the requirement fo load the next column of

samples for each of the 3 colors ocours each 75 cycles, with the appropriate samples icaded during the

20 Ssubseguent 75 cycles. However, the initial setting of whether to load during the first set of 756 cycles is
always 1 for each color. This enables the final 8th column of each color within Buffer 1 to be filled.

At the end of each 75 cycle period, the RernelXcarryour flag from each color plane of the
Kemel Address Generator in the Resampler 112 is checked to determineg if the next column of samples
should be read. Similarly, an Advanceline pulse restarts the process on the following line If the
KernelyCarryout flag is set.

25 Since each ‘read’ effectively becomes 6 or 13 reads to fill 8 column in Buffer, we keep a
starting position in order to advance to the next ‘read’. We also keep a coordinate value to aliow the
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15 the start of the next line once the current |line has been generated, we

can do thewbaoihmwi ng: |f a change is in Pixel, and the ppipaghos@ise changes
fromO to + (indicating we have gone past the edge of the Image), we
replace Adr with the LineStartAdr and replace Pixel with Active-

StartPi xei. Line remains the sanme. |If a change is in Line, and the |ine
sense changes fromO to + (indicating we have gone past the edge of the

i mage), we subtract Cei taCol um from.agr and repl ace Line vvith ActiveSt art -

Iéiazg-r af : )r(lgL g@”@%%’%&%igg%ﬁ ?é @e%begh‘?ﬁg'héﬁ'g?r om ( EI X:g]a,ge
ActiveEndt’ﬁRe 1) The Iogi c for loading the set number of sanples (either 6

or 13, dependi na’ on color) is showmn in the follow ng %aeudocode l'ine
Fi r st Sanpl eLi neWespRsier the petiyesimage 160 asdheing|within g particuiar baupdsayith cerglp actignsty N
times (6 oe také}ﬂwnnéndﬁbodmbﬁeameomsidmmm €4, [Th ebordisatés Thh Blthek bSibkibrd hdRULE

“PAGLl ve m@i@yﬁ??’%&@ﬁ? ol MR DONge bot el BHOAE IR e CERERRTAR ) | ¢
((NOT isA8f fheractive reahpsbeen exgggeratepforsiagly: el se Sanple =

Fetch(adr) 5 Endif line - line + 1 IfﬂéngneSens i ne “+,) AND
wrapl mage)  adr Nete 3t sinceryq ‘tsa&mﬁﬁth $tarkof_cogrdipate geseration, MazPie| and|MaxLine

( (Li neSenam(disompixg! and lideddounté\Nidweven | sihke adifss generatialr is runditbn kerrisedairg buts@and=ndi f
10 EndDo F%néﬁfx& b fﬂ%Fn tﬁéJlth 13 %ésagbtgrsbo%s%'n{ l$ott %g&heﬂdﬂzgs eneration for a

Fi r st Sanpl ePi xe Fi rst n‘g dr is 1In ress rator section
that res pB’??d%’“‘E'b °?,'5EP9°§ Yot the M‘@‘ “F'P'E)m’f%@ ’R‘?{“’ﬁ%l and ApRyipvolve eggforeglicgion. 5
wel | as Aderatacteblbns dor putlosemindst arimdgh eixélMappiidie | ogic for this part of the

address generation Is shown In the foll ow ng pseudocode:

If we have an address, adr, of the current sample, and want to move to the next sample,
10 either on the next line or on the same line, the sample’s coordinate will change as expected, but the
way in which the address changes depends on whether we are wrapping around the active image, and

must produce edge pixel replication when needed.

When there is no wrapping of the image (i.e. all print formats except Passport 31), we
perform the actions in Table 38 as we advance in line or pixel. To rotate an image by 90 degrees, the

CPU 10 simply swaps the ALine and APixel values.

15 Looking at Table 38, the only time that Apr changes is by APixel when PixelSense is 0, and
by ALine when LineSense is 0. By following these simple rules adr will be valid for edge pixel
replication. Of course, Iif 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.

20

25
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15 First Sanpl ePi xel 0 FirstSanpleLine = 0 First Sarrpl eAdr

Fi rstLi neSanp ActiveStart Address count = 0 Do Fore

((Ker nel XCarry 5 %?? (AdvancelLi ne AND Ker nel YCarryQut) Y,F&MHN{IMMS
N Sanpl es for th| s col or plane (see pseudocode above) 20 Endlf

ol dPi xel Sense = Pi xel Sense(First Sanpl ePi xel ) ol dLi neSense =

Li neSense( Fi rst Sarrpl eLine) If (AdvancelLi ne AND Kernel YCarryQut) count =0
First Sanpl eLine = FirstSanpleLine + 1 FI.{ st Sanpl ePi xel - 0 If

((Li neSense(Fi rst Sanpl eLi ne) "+") AND vvralgl mage) 25 FirstLineSanpl eAdr =
St art Addr ess Fi r st SARBIoWMWaRaIng. waEMPY Saprere the Rieviost feoys (rlrtHordfneand Rixe with the

((Li nesense( Fi 1ot gir?mlpfr $ih 38, Rctons {5 periatnpe) A prcing n Bretas g
Fi r st Li nesanpl eAdr g Fi ne Erl%eqqqag;';e{ st Sajpl eAdr

Pi r st Li neSanpl eAq

Fi rst Sanpl ePi xel {= FirstSanpl ePiixel .+ 1 5 count count + 1. 1f

((Pi xel Sense( Firqt-Sanpi €Pi xel ) | Ad'=Adr+ARBRIwapi ndge) First Sanpl eAdr =
FirstLi neSanpl eAqr. Firs Sarrpl ePQer - ActiveStart|Pi xel Elseif
((Pi xel Sene( Fi r gtSarrpteprxet) 0™ AND (0T AP |5 SRISRLInd 1 T ST Sap| eAdr
First Sanpl eAdr + He-aPet—ErdtH A0 Hngt i —Endba 3~Regt-sit er
Summary There ar 02 nunby of Ltfe‘fjr“ﬁd gdﬂk‘a* st pﬁpA&ﬂkﬂn F-ere-pHi Nting an
image. They are 0 + Ad!’ Adf"'AUHB

Do

0 Adr = Adr + APixel

o+

IEES

a. We compare the current Line ordinate with ActiveStartiine and ActiveEndLine.
If Ling < ActivaStartLine, we call the value ",
10 If ActiveStariline s Line < ActiveEndline, we call the value “0”,
ff ActiveEndtine g Line, we call the value *+".

b. We compare the current Pixet ordinate with ActiveStartPixet and ActiveEndPixel.
gm&&%&%&; LPJ’r):‘: l&%?:gggnggsigs;; call the value 0"
if ActiveEndPixel 5 Pixel, we call the value *+".
new senss. When the sense is “-" we use the advancement as described in Table 38, but when the
ordinate becomes out of bounds (i.e. moving from 0 o +), we update the adr with a new value not
based on a delta. Assuming we keep the siart address for the current line so that we can advance to
15 the start of the next line once the current line has been gengrated, we can do the following:
. If a change is in Pixel, and the pixel sense changes from 0 to + {indicating we have gone past
the edge of the image), we replace Adr with the LineStartAdr and replace Pixel with Active-
StartPixel. Line remains the same.
. if a change is in Line, and the line sense changes from 0 to + {indicating we have gone past
the edge of the image), we subtract DeltaColumn from Adr and replace Line with ActiveStart-
Line. Pixe! remalns the same. DeltaColumn is the address offset for generating the address
20 of (Pixel, ActiveStartLine) from (Pixel, ActiveEndLine-1).

The logic for loading the set number of samples {either 6 or 13, depending on color} is shown
in the following pseudocode:

line = FirstSampleLine
pixel = FirstSamplePixel
adr = FirstSampleadr

Do N times (6§ or 13)

25
oldPixelSense = PixelSense{pixel)
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summari zed here in Table 39. To rotate an i nage by 90 degrees, sinply
exchange tweobDaistali ne and DeltaPi xel val ues, and provipggateklehs

Del t aCol um val ue. 15 Table 39. Registers Required to be set by Caller
before Printing Register Nane Description | mage Access Paraneters

W apimage Tile inmage reads to replicate i mage when out of |nmage bounds
UseConstant If O, image edge replication or wapping occurs on reads out of
i mage bounds. If 1, a constant col or.7gs returned. Red 20

ActiveStart Addr esgRR T0&,.8ddn853.8 Juffl) sanpl e (ActiveStart Pl xel,
ActiveStartLine) 1n 1mgeRAM ActiveStartLineR The first valid line for the

i mage in red spact™ie rel QIEHITSTSe rr ABAEIe! AR ((ERMBISeRLR-THRT Yt | i ne
out of bounds forIf h@OT dpAgbiveh AN HeeSorpeant) Act i veStart Pi xel R The first valid
pi xel for the inmagesanierL£dospmedréd N rel ation to pixel 0) ActiveEndPi xel R
The first pixel outeof bounds for the image in red space Del taLi neR The
amount to add to the ur_renth‘a%%ress to nove fromone line to the next in
red space 25 Del t aPI* R 16" @unt to add to the current address to nove
from ong pixel toEmdthe next on the sane line in red space SUBSTI TUTE SHEET
(RULE 26) RO AU W iad /=2054 # PCT/ AUOO' 01073 -81 Table 39. Registers Required
to be set by Call gf (Ref8lfae RideNtd-NG~) RO Sbhlagd)ame Description Del taCol umR
The amount to add tg the, cugrent address to nove froma pixel in the Iast
line of the Active Ihmge area 0 the some pixel on the first line of the
Active image area i}"f adPsPyaR@ T ¥ nst ant Col orR Red col or value to use if
address out of boekseRs HnhthedmedIdirnst ant™01) ANDr blokilinesense \#e S0aiNt Addr essG The
address of green samplLadrACbéreaShart Pi xel , ActiveStartLine) in | mgeRAM
ActiveStartLineG g first valid line for the image in green space (in
relation to I|i ne dgg Acti veEndLi neG The first line out of bounds for the
i mage W green space ActiveStartPixel G The first valid pixel for the inage
in green space (in relation to pixel 0) ActiveEndPixel G The first pixel
out of bounds fqfe t AinhMRPC S YEAERs SRACH DRLLALLNEC, The ammunt, tg pdd to
the current address to-move fromone |ine to the pretinet.
FirstSampleAdr is in the address generator section that responds to camry out fiags from the Kernel

Address Generator, as well as Advanceline pulses from the MJI. The logic for this part of the address
generation is shown in the following pseudocode:

15 FirstSamplePixel = 0

FirstSampleLine = 0

FirstSampleAdr = FirstLineSampleAdr = ActiveStartAddress
count = 0
Do Forever
If ({KernelXCarryOut) OR (AdvancelLine AND KernelYCarryOut) OR (count < 5))
Do N Samples for this color plane (see pseudocode above)
20 EndIf
oldPixelSense = PixelSense(FirstSamplePixel)
oldLineSense = LineSense(FirstSampleLine)
If (AdvancelLine AND KernelYCarryOut)
count = 0
FirstSampleLine = FirstSampleLine + 1
FirstSamplePixel = 0
If ((LineSense(FirstSampleLine) == *“+*) AND wrapIlmage)
FirstLinesampleAdr = StartAddress

25
FirstSampleLine = ActiveStartLine
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next in green space 10 DeltaPi xel G The anount to add to the current address
to nove from Lxel to the next on the sanme line in gr

Del t aCol urmG%gwﬁ%unt to add to the current address to r{'{?{?@‘w@ﬁ% pi xel
inthe last line of the Active inage area to the sane pixel on the first
line of the Active inmage area in green space. Constant Col orG G een col or
value to use if address out of bounds and UseConstant=1 Bl ue

ActiveStart AddressB The address of blue sgople (ActiveStartPixel,
ActiveStartLine) in InangeRAM. 15 ActivestartlineB . The,Li . i.d_ li.pg,for
the image in blue spac& F%{P‘éf%ﬂsﬁ{??gglm?lﬁ%nﬁ?" Ag{]iﬁlnééﬁg%f%g%s%he ?ﬁ fst
line out of bounds for tFRietiipefarcieddp - Rirhipetamelapin ¢ B8 PRI xel B The first
valid pixel for the imagasin blue space (in relation to pixel 0)
ActiveEndPi xel B The fi gl l08harOlk:.2friREAMBASaE Or the I mage in blue space
Del t aLi neB The anmount to add tlg tpy%uc%r%g;\t addyess to nove fromone |ine
to the next in blue Béiféﬁé“ﬁ@? BRG] e anount to add to the current
address to nmove from oférspsaeleriel = (FRECSAERYP G e same line in blue space
Del t aCol u The andbuntcodn® -aeked © it he current address to nove froma pixel

inthe 207ast line ofisthg AetiV@iiiRg 06D {-0-hensamppinel on the

first line of the Active,l ea.,J shace. Constant Col or B Bl ue
color value to use if adgfrégg%g%ﬁ?%dfl?%gﬁﬁﬁggﬁapnd UseConstant=1 Wite

Bal ance and Range ExpansFii-Paatiater S REFTEWIRT eshol d 8-bit val ue
subtracted fromred | npudersy dkniesdsengy EbrtomAticed ol P BAR (CIF2FHESEGEr act ed
fromgreen | nput valegs Bl ueLowThreshold 8-bit val ue subtracted from bl ue
i nput val ues RedScal eFaglQt«.f5Pid Seab@adaglorn mseduledr range expansion of
red pi xels G eenScal eFactor 8-bit scale factor used for range expansi on of
green pixels 25 Bl ueSEaP&Factor 8-bit scale factor used for range

expansi on of bl ue pix@@f¥ SUBSTI TUTE SHEET (RULE 26) RO AU WO 01126547

P' CT/ AUOCO 01073 - 8&sncll REFERENCES [ 11 Sil ver brook Research, 1998,

Aut henti cation of Constrebtss—23—Srtverbrook—Researtiy, 1993,

Aut hentication Chip. 5 Although the invention has been described with
reference to dpedi3iRecistendyyrddy it will be

There are a number of registers that must be set before printing an image. They are

summarized here in Table 38. To rotale an image by 90 degrees, simply exchange the Deltaline and

DeltaPixel values, and provide a new DeltaColumn value.

15 Table 39. Registers Required to be set by Caller before Printing
Register Name Description
Image Access Parametars
Wraplmage Tile image reads to replicate image when out of image bounds
UseConstant if 0, image edge replication or wrapping occurs on reads out of image
bounds.
If 1, a constant color is retumed.
Red
20 ActiveStartAddressR | The address of red sample {ActiveStartPixel, ActiveStartLing} in
ImageRAM
ActiveStarilineR ‘The first valid line for the Image in red space {in relation to line 0}
ActiveEndLineR The first ine out of bounds for the image in red space
ActiveStartPixelR The first valid pixel for the image in red space {in relation to pixe! 0)
ActiveEndPixelR The first pixel out of bounds for the image in red space
DeltalineR The amount to add to the current address to move from one line lo the
next in red space
25 DeltaPixelR The amount to add to the current address to move from one pixel to
the next on the same line in red space
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appreci ated, by those skilled In the art, that it may be enbodied I n many
ot her for meoodimsss ol | owi ng nunbered paragraphs provi de gcifapblfip@ssee W th
a further indication of the scope of the invention, although other novel
and inventive features and conbi nation of features will also be clear from
the disclosure therein. 10 15 20 25 SUBSTI TUTE SHEET (RULE 26) RO AU WO
01/ 20547 PCT/ AUOCO 01073 -83- W claim 1. A nethod for interpolating a

Bayer inmge of red, green and blue pixglss froman Input space to an output
space, the method i tiy ;' I L Vi t‘}e Ea er imge; and
appi ng e ?ﬂl l&gr% R%Eslpﬂ%m  bé gertmﬁ EalYer g%gro Tin e with t he
fol l ow ng:| Registér NameC }-) +k1 MP y' _(_ 3&&%«:&1@3 where: X,y i S tthe
coor di nat ¢ GelfedollimnRUT P FEEGun tohd¥ i the e ‘?a&u\’ééhwd\%b'ﬁoﬁ»'d I?n UL obace
10 nps is |the NUMDEr of |niekflesf ho Al smsau o pilan Euﬁg sanpl e,
and kt, 2jare either 0O crmg,Q;g.\';'b. ,ngdg he co or es red
relative r ' b=—or f; " e ng to
claim1l wh "(&ogétég% or—t be%h:u;'bwélugﬁdf —A—+-he— gp' ia “pacese A o di nat e of
the i npygt e is miltiplied hy 1/42 3 A nethod according to cllaim1 or
clai m 2 wdcivedtartAddresyth e '@P address of @seen spmple (AstiveBtgiiRixel, AgtiveStartdne) B ac fy
coordinatd of the Input |dBa#88AMs myitiplied by 1/42. 4. An apparafus for
i nt er pol at|iActyestalaneSr i rfae firsfvalidiine fag the isvage indresh srace (i telationte tinmoxn i nput
space to graciuEilineG pac ¢, The hrst e bitotboumds|fas therrgade irogrednaspsceof @ recellving t he
Bayer i mag ActiveSartPiid! 1 TR@ first vafid fixeCroriRe ifade ih Grebr paBi{in?Eibtion Rrpidel
accor dance el drigie o owE Fidk pixefout Srbodhdstor Me |m"ég€‘|h green space
DeltalineG The amount to add to the current address to move from one line to the
next in green space
10 | DeltaPixelG The amount to add to the current address to move from one pixel to
the next on the same line in green space
DeltaColumnG The amount to add to the current address to move from a pixel in the
last line of the Active image area to the same pixel on the first line of
the Active image area in green space.
CanstantColorG Green color value to use if address out of bounds and UseConstant=1
Blue
ActiveStartAddressB | The address of blue sample (ActiveStartPixel, ActiveStartLine) in
ImageRAM
15 ActiveStarilLineB 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
ActiveStariPixelB The first valid pixel for the image in blue space (in relation to pixel 0)
ActiveEndPixelB The first pixel out of bounds for the Image in blue space
DeltalineB The amount to add to the current address to move from one line to the
next in blue space
DeltaPixelB The amount to add to the current address to move from one pixel to
the next on the same line in blue space
DeltaColumnB The amount to add {o the current address to move from a pixel in the
20 last line of the Active image area to the same pixel on the first line of
_ the Active image area in blue space.
ConstantColorB Blue color value to use if address out of bounds and UseConstant=1
White Balance and Range Expansion Parameters
RedLowThreshold 8-bit value subtracted from red input values
GreenLowThreshold | 8-bit value 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
25 GreenScaleFactor 8-bit scale factor used for range expansion of green pixels
BlueScaleFactor 8-bit scale factor used for range expansion of blue pixels
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+k2 np where: X,y is the coordinate in the output space, x'y' Is the
coordi nate |nv¢d1ﬁ,2h53put space; nps is the nunber of pixel spiPpatida@i@yt put
space per input space sanple, and 25 k1. 2 are either 0 or -0.5 dependi ng
on the color and the desired relative rotational orientation of the inage.
SUBSTI TUTE SHEET (RULE 26)ROAU I'I111i 111111 M1 121212 11 1M1 L Ms
Wc) 01120547 PCT/ AUOQ 01073 -84 5. An apparatus according to claim4
wherein, for the green pixels in the Inpug,sp; each ordinate of the input
space is multiplied by 1112. 6. An apparatus according to claim4 or claim
5 wherein, for the green plxels inthe Ii space. each ordinate of the

i nput space Is multiplied 1142. 7. A nmethod for sanpling a Sayer imge
havi ng two dlﬁBnS|oﬁ§rEﬁFﬁﬁé§ red, gr and blue pixels, the nethod

I ncl udi ng the steps of rotatlng the green plane by 45 degrees; sequentially
sanpling an mx m pi xel block of the rotated i mage, where mls an intc
greater than I Riveniost Regac) 1988 dummsicadon bf Coldemdsls. Sanpl es by determ ning a
starting addr ggs sfivaibrosk Hebetirch, 1998 Astbeomaplnes Cind t her eaf ter applying a
predeterm ngd fixed sequence of offsets to obtain addresses of the

remai ning sanples. 10 8. A nethod according to claim?7 wherein the step of

determining the st anhd ng1 ég%%%m ﬁﬁ%gg,péés&ﬁ,gé Qurt Qﬁreaféatlﬁtﬁ]b%cﬁg fek AN be

orientation of the ina accor alm
wherein m= 4 %P@'Q‘?ﬁe?k‘h%ﬁeé”@d%‘ﬁ BeFrtghatd may e f’.’[’i@fﬂ i’l’fi“ff"ﬁ!’f’lff'i“sl Thefaliewing
S 20 25 SUBSTuhbét rakdghaphs frblide t263d@Eksdk)with a further indication of the scope of the invention,

although other novel and inverntive features and combination of features will also be clear from the

disclosure therein.

10

15

20

25

SUBSTITUTE SHEET (RULE 26)RO/AU



WO 01/20547 PCT/AU00/01073

We claim:

1. Amethod for interpolating a Bayer image of red, green and blue pixels from an input
space to an output space, the method including the steps of:
receiving the Bayer image; and
mapping each of the colors to the output space in accordance with the following:

5
x = (-l‘—s) +ky
mp
) = _L + k
b 4 mp 2
where:
x,y is the coordinate in the output space,
X'y’ is the coordinate in the input space;
10

mps is the number of pixels in the output space per input space sample, and
k4, 2 are either 0 or -0.5 depending on the color and the desired relative rotational

orientation of the image.

2. A method according to claim 1 wherein, for the green pixels in the input space, each
ordinate of the input space is multiplied by 1/v2.

3. A method according to claim 1 or claim 2 wherein, for the green pixels in the input
15 space, each coordinate of the input space is muiltiplied by 1/v2.

4, An apparatus for interpolating a Bayer image of red, green and blue pixels from an
input space to an output space, the method including the steps of:
receiving the Bayer image; and
mapping each of the colors to the output space in accordance with'the following:

2 A
y = (r_n% +k,

where:
Xy is the coordinate in the output spacs,
Xy’ is the coordinate in the input space;
mps is the number of pixels in the output space per input space sample, and
25 k4, 2 are either 0 or -0.5 depending on the color and the desired relative rotational

orientation of the image.
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$.  An apparatus according {o clalm 4 wherein, for the green pixels in the input sp:
each ordinate of the input space is multiplied by 142,

6.  An apparatus according o clalm 4 or claim 5 wherein, for the green pixels in the i
space, each ordinate of the input space Is multiplied by 142,

7. A method for sampling a Bayer image having two dimensional planes of red, gr
5  and blue pixels, the method including the steps of: -
rotating the green plane by 45 degrees;
sequentially sampling an m x m pixel block of the rolated image, where m Is an inte
greater than 1,
providing an address for the m? samples by determining a starting address for g fin
the samples and thereafter applying a predetermined fixed sequence of offsets to oblain

addresses of the remaining samples.

10
8. A method according to claim 7 wherein the step of determining the starting addres

responsive to the relative rotational orientation of the image.

8.  Amethod according to claim 7 or claim 8, wherein m = 4 and there are sixteen offs

. IR 0 O

20

25
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